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Zooplankton tows and hydrographic observations were made in

two bays on the Oregon coast. Five stations were sampled weekly

in Yaquina Bay from May, 1969 through September, 1970. Three

stations were sampled weekly in Netarts Bay from October, 1969

through January, 1961. Zooplankton collections were made with a

a Clarke-Bumpus sampler towed in a series of oblique steps. A #6

mesh (.239 mm aperature) net was used, A one year period from

October, 1969 through September, 1970 was used to make a compar-

ison of location and succession of zooplankton populations in the two

bays.

Yaquina Bay is a dredged estuary receiving seasonally high

river flow. A salinity gradient is found year round from the mouth

to the head end of the bay. During the winter, when rainfall is high,
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salinities at the head end are very low. Netarts Bay has no large

river flow and salinities are never greatly decreased due to large

tidal mixing. The flushing time of Netarts Bay is very short and

tidal exchange is high throughout the bay, Yaquina Bay has a rela-

tively longer flushing time and tidal exchange is not as high in the

head end of the bay as in Netarts Bay.

Because of these physical differences large indigenous popula-

tions of the estuarine copepods Acartia tonsa, Acartia clausi, and

Eurytemora americana were found in Yaquina Bay. Indigenous popu-

lations made a much smaller contribution to Netarts Bay, and only

Eurytemora americana developed a population which was apparently

confined to the bay.

Indigenous upstream populations of Acartia clausi and Acartia

tonsa did not appear to mix with the more downstream populations

in Yaquina Bay. A bimodal size distribution for each of these species

was found with larger animals nearer the mouth of the bay. Both the

upstream and downstream summer populations of A. clausi were very

abundant. Both of these populations may have been derived from

animals which overwinter in the mid-bay region. There was no large

downstream population of A. tonsa during the summer,

Other holoplanktonic species which did not develop indigenous,

estuarine populations made similar contributions to both bays. Most

abundant among these categories were Pseudocalanus minutus,



Paracalanus parvus, Oithona similis, Acartia longiremis and barnacle

larvae, Acartia clausi was the most abundant species in both bays.

Meroplankton made a greater contribution to Netarts Bay than it did

to Yaquina Bay.

During the summer when upwelling caused higher food avail-

ability animal numbers were very high in both bays. The bulk of these

numbers were contributed by a small number of species and summer

diversity was low. During the winter diversity increased as new

species were carried into Oregon waters from the south by the

Davidson current. Numbers of animals in all categories were low

during the winter.

Because wind patterns caused upwelling during the summer and

a nortnerly flow of water during the winter, there was a succession

observed in the species collected. Several animals were found almost

exclusively during the warmer (summer) months. Among these were

the copepods Centropages abdominalis, Acartia longiremis, Pseudo-

calanus minutus, Eurytemora americana and the cladocerans Podon

leukarti and Evadne nordmanni. Other animals such as the copepods

Acartia danae, Corycaeus anglicus, Ctenocalanus vanus, and

Clausocalanus sp. were found almost exclusively during the colder

months.
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SEASONAL SUCCESSION OF ZOOPLANKTON
POPULATIONS IN TWO DISSIMILAR

MARINE EMBAYMENTS ON
THE OBEGON COAST

INTRODUCTION

The term zooplankton includes a very diverse group of animals,

and representatives of almost every animal phylum are found here.

Although its members are often microscopic, some individuals may

be over a meter in diameter Basically, the one factor which unites

them is their relative inability to move against, and orient them-

selves independently, of the water movements around them,, Thus,

they are often described as being "at the mercy" of the water move-

ments.

Because they tend to move with a mass of water, their presence

is often indicative of the areas which the water has passed through.

High or low numbers of these animals may often be correlated with

physical factors occurring within the water mass in which they are

found. Knowledge of these physical processes which determine their

occurrence may be used by marine scientists in many ways. Thus, a

biologist from Taiwan once told me that fishermen in his country may

cruise for several hours occasionally taking buckets of water from

the sea's surface. When they observe the iridescent flash given off

by sunlight striking the body of Sapphirina (a planktonic copepod) they

begin fishing. The occurrence of this species indicates to them that
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fishing will be good.

These animals also play a vital role in the food chain of the

sea. Many of them are herbivorous and feed on microscopic floating

plants (phytoplankton). Through photosynthesis these plants convert

the energy of the sun into a form which can be utilized by aquatic

animals. Because these small plants are often not directly utiliz-

able by the larger aquatic animals, zoopiankton provide a link through

which the energy fixed during photosynthesis can be made available

to such larger animals as fish.

Because there are often cycles among the physical processes

which occur in the sea there are often corresponding cycles in the

zooplankton populations. During the winter, numbers of zooplankton

are often low because the light available to their food source (phyto-

plankton) is low causing low primary production During the spring,

as light increases and phytoplankton populations grow, the number of

zooplankton feeding on the plants increases, As food becomes very

abundant zoopiankton numbers may become so high that the term

"bloom' may be used to describe their very high densities, During

the summer, thermal stratification of the upper water may occur.

When this happens, the nutrients necessary for phytoplankton growth

may be used up and not be replaced from below the stratified area

where nutrients are found in higher concentrations. Consequently,

plant growth may decrease, and as food becomes less abundant the
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number of zooplankton drops. During the fall, as the thermal strati-

fication breaks down and nutrients are made available for photosynthe-

sis, zooplankton populations feeding on the increased plant production

may increase.

In such areas as the west coast of North America, where

upwelling of the nutrient rich waters through the stratified layer

occurs, such a summer decrease in numbers as described above

may not be seen,

In addition to changes in zooplankton populations caused by the

type and availability of food, other seasonal differences may be seen.

Seasonally cycling wind patterns may cause the surface waters of the

oceans to move in different directions. This has been observed off

Oregon. During the summer, winds are from the north, and the

movement o1 water resulting from this wind pattern is offshore and

to the south. During the winter the wind direction is almost reversed

and water flows onshore and toward the north, bringing southern and

more oceanic animals to the Oregon coast,

The result of these cycling physical factors would be to cause

a succession in the occurrence of zooplankton species and densities

in Oregon waters. Several studies of oceanic and estuarine zooplank-

ton in the ocean around Oregon have shown these changes (Cross and

Small, 1967; Hebard, 1966; Haertel and Osterberg, 1968; Matson,

l97; Frolander etal,, 1971).



A basic pattern has begun to emerge. With respect to the

estuarine zooplankton it has been found that the zooplankton popula-

tions are dominated by the copepod Acartia clausi, Indigenous

populations of Eurytemora are found in all of the bays studied.

Yaquina Bay also appears to have indigenous populations of Acartia

clausi and Acartia tonsa,

During the winter, diversity is high, but overall numbers are

low. The higher winter diversity is probably due to the advection of

southern species into Oregon waters by the Davidson Current (Cross

and Small, 1967; Matson, 1972; Burt and Wyatt, 1964). During the

summer upwelling occurs and local populations of several copepod

species may become very dense. These dense populations may

extend well up into Oregon estuaries. During the winter, however,

runoff is higher and upstream populations are flushed out.

This study has attempted to compare the occurrence and sea-

sonal succession of the dominant zooplankton populations from field

samples taken in two dissimilar bays. The bays are Yaquina Bay,

a dredged tidal estuary, and Netarts Bay, a shallow arm of the sea

with very low river flow. A one year period, from October, 1969,

through September, 1970, was used to make the comparison.

The purpose of making this comparison has been to enumerate

some of the physical and biological differences between coastal

embayments on the Oregon coast. Such information is being sought
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by state agencies which are concerned with making coastal planning

decisions based on the effects of the changes which man has already

made. In addition, the study was carried out in order to determine

the seasonal cycle of zooplankton numbers in Netarts Bay. This

information is necessary to determine the availability of food for

juvenile pink and chum salmon which are being released from the

Netarts salmon hatchery.

In order to make the comparisons as broad as possible, refer-

ence is also often made to the Alsea (Matson, 1972) and Columbia

(Haertel and Osterberg, 1968) estuarine zooplankton studies, These

four dissimilar bays more or less cover the spectrum of temperate

estuary types. The Columbia is a deep, large estuary receiving a

high river flow; the Yaquina is a dredged estuary with seasonally

controlled river flow; the Alsea is a shallow, undredged estuary with

seasonal river flow; and Netarts Bay is a shallow coastal lagoon with

almost no freshwater flow.

Some aspects of the physical properties of these bays have been

studied. Glanzman et al. (1971) have prepared an extensive report

on the tidal flushing and water quality characteristics of Netarts Bay.

Goodwin et al. (1970) have reported tidal phenomena in Yaquina and

Alsea Bays. Neal (1965) has described flushing in the Columbia

estuary.

Previous zooplankton studies in Yaquina Bay have been carried



out by Russell (1964), McCormick (1969) and McCrow (197). Other

unpublished studies on Yaquina Bay zooplankton have been undertaken

by the research group led by Professor H. F. Erolander of Oregon

State University.

One other zooplankton study in addition to my work in Netarts

Bay is nearing completion. Robert Scott, a graduate student in the

Department of Fisheries and Wildlife at Oregon State University, has

been collecting zooplankton samples in order to investigate the sea-

sonal occurrence of the larvae of the cockle, Clinocardium nuttali.

In addition to these studies, other research is being carried

out in both Yaquina and Netarts Bays. Because the Marine Scieflce

Center of Oregon State University is located on Yaquina Bay a large

number of diverse research projects are being carried out there.

Netarts Bay has received less attention. However, a new Oregon

State University salmon hatchery has been built there. It is leading

the way for a broad spectrum of research which is being proposed

for the future.
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DESCRIPTION OF YAQUINA AND NETARTS BAYS

Yaquina Bay

Yaquina Bay is an estuary formed from a drowned river valley

on the central Oregon coast. It is bound on three sides by the western

flank of the coast range. On the fourth side its waters enter the

Pacific Ocean by flowing through a pair of jetties which have con-

stricted the mouth since 1888.

Since the western coast range is heavily dissected by many

streams, there are several similar bays on the Oregon coast. Most

of these are similar in several respects. One of the major differ-

ences, however, is the manner in which they have been altered by

human activity. To facilitate shipment of timber products, the main

channel of Yaquina Bay is repeatedly dredged to allow entry of large

ships. A depth of Z6 feet is maintained to McClean Point, a distance

of approximately two miles from the mouth. Beyond this, to Toledo,

a channel depth of 1 Z feet is maintained. Depths of up to Z4 feet are

common as far as navigational Buoy 21, a distance of approximately

five miles from the mouth.

The estuary extends approximately 23 miles along its channel

to Elk City. This is taken to be the 1ocaion of the fresh water head

(Kuim and Byrne, 1967). Changes in tidal height are still quite

pronounced-at Elk City, however (Goodwin etal., 1970). The head
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of high tide is found approximately four miles above Elk City.

Elk City is also an important location because Elk Creek

meets the Yaquina River here. These are the two main rivers

which collect the water from the Yaquina Bay drainage basin, This

basin encloses an area of approximately 240 to 244 square miles

(Kulm and Byrne, 1967; Goodwin etal., l970)

The surface area of the bay is approximately 4. 5 square miles.

Much of this is concentrated in the lower third of the estuary where,

approximately two miles from the mouth, the estuary abruptly

expands to a width of almost two miles. Much of this wide area is

uncovered at low water. Approximately 72% of the water contained

in this sub-basin on high tide is gone by low tide (Frolander et al.,

1971).

The tides are mixed, semi-diurnal, with a mean 1 2 4 hour

cycle from any high to any low, Average tidal range is 5 5 feet (Kuim

and Byrne, 1967). The volume at MHHW is approximately 197 x

cubic feet. The volume at MLLW is 94 x 1 7 cubic feet. This gives

an exchange ratio (Ketchum, 1954) between these levels of 52%.

Netarts Ba

Netarts Bay has been classified as an estuary (Glanzman et al,,

1971). The definition of an estuary, however, requires that sea

water is measurably diluted with fresh water derived from land
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Table 1. Physical dimensions of Yaquina Bay and Netarts Bay.

Yaquina Netarts

Drainage Area (sq.mi. ) 244 15

Major Trend of Bay E-W N-S

Length of Bay (mi. ) 23 7. 5

Channel Depth at Mouth
(ft. at MLLW) 26 14

Surface Area (sq.mi. at MHHW) 4.5 3.5

Volume of Water in Bay (cu. ft. )
7 7

MHHW 197x10 49.4x10
MLLW 94 x 9.6 x

'From Goodwin etal. (1970)
** From Glanzman et al, (1 971)



450

24'

Lj
c)

L)

Q.

I'

I 25057'

BAYMOUTH .11:'.

,/...
(: /

(./ cfr

.\c;:MIDBAy,..

UPPERBAY

//
SKEy CR

v

0 I
I:, :\ i

STATUTE MILE
i CPjV:,

NAUTICAL MILE

2 5° 57

Figure 3. Map of Netarts Bay showing the location of the
stations sampled (Baymouth, Mid Bay, Upperbay).

12

450

24'



13

drainage" (Pritchard, 1967). There is no evidence to indicate that

the marine waters of Netarts Bay are greatly diluted by runoff for any

extended period. Also, Pritchard (1967), in discussing bar built

estuaries, the only estuarine category appropriate for Netarts Bay,

stated that, "tidal action is considerably reduced in such estuaries."

Tidal effects, however, are very dramatic in Netarts Bay, Finally,

Caspers (1967) felt that "estuaries are limited to river mouths in tidal

seas . . . and are characterized by the instability of salinity."

Because Netarts Bay does not conform to the above require-

ments, it is probably more appropriate to call it a coastal lagoon,

although it violates some of the defined properties of this category

also. An alternative system proposed by Was tier and de Guerrero

(1968) would define Netarts Bay as an "embayment with only coastal

drainage."

The bay trends north-south and sits in a depression cut into

the coastline. It is bound to the south by Cape Lookout and to the

north by Cape Meares and Three Arch Rocks, These boundaries

project into the ocean and enclose the pocketlike depression in the

coastline between them. Longshore movement of sand is apparently

stable between these structures, and a spit has been formed. This

spit extends approximately five miles and forms the western boundary

of Netarts Bay. The mouth of the bay is at the northern end of the

spit. The length of the bay as measured along the main channel is
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slightly less than eight miles (Glanzman etal. , 1971).

Netarts Bay has not been directly altered to any great extent

by human activity. At present it is probably one of the most undevel-

oped embayments on the Oregon coast, presumably because there is

no river of any size entering the bay. Thus, logging, pulp producing,

and hydroelectric potentials are low. Because commercial interests

have not made dredging the bay a necessity, it has remained shallow,

and no jetties have been built, Entry of large vessels is prevented

by the shallow bar. Clear-cutting of the surrounding hills, the build-

ing of roads around the perimeter of the bay and overfishing may have

indirectly altered the bay by reducing chum salmon runs to a very

low level.

The bay is very shallow. On August 1, 1969, Charles Glanzman

and I made a series of cross sections at the mouth of the bay. The

greatest depth observed was 14 feet (MLLW). Within a few hundred

feet landward of the mouth, the channel depth decreased to less than

10 feet. In the southern half of the bay channel depths are usually

not greater than six feet at ML LW. On any lower low tide most of

the bay consists of exposed tidal flats. Navigation, even in small

boats, is restricted to a very narrow channel. The upper quarter

of 'the bay is almost completely exposed on low water, and navigation

is not possible.

The surface area of Netarts Bay is approximately 3. 5 square
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miles at MHHW (Table 1). The MHHW volume of the bay, however, is

only 494 x cubic feet, Because the bay is very shallow, much

of the water is removed on each tidal cycle. The exchange ratio

between MLLWand MHHW is 82%. On a very large tidal change this

ratio may be as high as 90% (Glanzman, 1971). Tidal current veloci-

ties are very high.

The tides are mixed, semi-diurnal. Tidal range decreases

continuously moving up the bay indicating that a marked choking

occurs from the mouth through the bay (Glanzman etal., 1971)

Average tidal range is 4. 5 feet.
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LOCATION OF SAMPLING STATIONS

Yaquina Bay

Five stations were regularly sampled in Yaquina Bay. Their

locations are shown in Figure 2.. They were called the Bridge, Buoy

15, Buoy 2.1, Buoy 2.9, and Buoy 39. The last four names were chosen

to correspond with the navigational buoys found in the immediate area.

They will be referred to as B15, B21, B29 and B39 throughout the rest

of this work. The name Bridge was used because the coast road

passes over Yaquina Bay at this spot.

The seaward extension of the jetties was taken to be the mouth

of Yaquina Bay. The Bridge station lies about 6500 feet landward of

the mouth. It is located in a deep, rather narrow channel and is sub-

ject to high current velocities and tidal mixing.

The B15 station is located opposite King's Slough, approximately

3. 5 statute miles from the mouth. It is in the large embayment which

contains most of the surface area of the bay. This area has a large

tidal prism, and the shallow tidal flats are often exposed at low tide.

BZ1 is located opposite Oneatta Point about five statute miles

above the mouth. It is well above the area of the bay where the wide,

shallow mud flats are located.

B29 and B39 are located approximately 8 and 9. 5 statute miles

above the mouth. Both are shallow station than the others. They

are located in a narrow section of the bay which has probably been

shaped by river flow. During the winter the water in this area is



greatly diluted by fresh water. During the summer it is brackish

and probably could be called a transitional area between salt and

fresh waters.

Netarts Bay

17

Three stations were sampled in Netarts Bay. They were called

the Baymouth, Midbay, and Upperbay stations. Their locations are

shown in Figure 3.

Glanzman (1971) has defined the mouth of Netarts Bay as the

area where the offshore bar begins. Using his data, the Baymouth

station is located approximately 5000 feet landward of the mouth.

This station sits behind the exposed end of the spit during low tide.

On a mid or high tide, however, the spit in this area is submerged.

Ocean water is carried in over the submerged spit as well as along

the channel. It is a very dangerous area. Currents are quite strong,

and the sea surface is often in an agitated, confused state.

The Midbay station is opposite Rice Creek, a distance of about

two statute miles from the mouth. This station was used because it

is located in the most protected part of the bay, near the boat basin.

It also has a deep channel.

The Upperbay station is approximately five statute miles from

the mouth of the bay. It was chosen because it is in the most landward

section of the marked channel. Beyond this it is difficult to locate



the channel, and the water is shallow enough to preclude the move-

ment of a boat towing a net..
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METHODS

Field Methods

Yaguina Bay

All samples were collected using the 35 foot research boat

Paiute. They were collected from May, 1969 through September,

1970.

Salinity data were initially obtained using a calibrated conduc-

tivity-temperature indicator (C. T. I. ). The Industrial Instruments

RS5-1 inductive salinometer was used in this unit. A sensor head

was lowered to the bottom, and conductivity was recorded. Bottom

temperatures were also recorded. The head was then raised very

close to the surface, and surface conductivity was recorded. Salinity

values were calculated by multiplying the conductivity data by a

simple conversion factor. Surface temperatures were recorded

using a bucket thermometer which was lowered into the water by the

side of the boat.

During the month of July, 1969, surface and bottom water

samples were taken along with the C. T. I. readings. The bottom

saiip1e was collected using a Nansen Bottle. Bottom temperatures

were recorded using a reversing thermometer attached to the bottle.

Surface salinity samples were taken by lowering a bucket to collect
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water. A rinsed salinity bottle was then filled from the bucket on

deck,

The salinity of the water from the bottles was measured with

a Hytech inductive salinometer at the Marine Science Center by

Douglas Coughenower. These data were used instead of the C. T. I.

data, and eventually the C T. L was dropped from the sampling plan.

Almost immediately following the collection of physical data,

zooplankton sampling was begun. Samples were collected by towing

a modified Clarke-Bumpus sampler (Clarke and Bumpus, 1950;

Paquette and Frolander, 1957) behind the boat, The mouth of the

frame was tied open. Towing speeds were regulated by maintaining

the engine speed at approximately 750 RPM. Speeds were increased

or decreased if the angle of the towing wire varied greatly from 450

All tows were made for a duration of 1 2 minutes.

A number six mesh (.239 mm) nylon net was used for all tows.

The sampler was towed in a stepwise, oblique manner from bottom

to surface. Three equally spaced vertical steps were used at the

Bridge, Bl 5, and B21. The net was towed horizontally for four

minutes at each depth, then rapidly raised to the next level, Two

equally spaced six minutes steps were used at B29 and B39.

The number of revolutions of the calibrated propeller in the

mouth of the frame was recorded before and after each tow. It usually

indicated that approximately ten cubic meters ofwater had been filtered.



21

Following a tow, the net was removed from the frame, and the

contents were washed into the brass cup at the cod end, The cup

was rinsed, and the contents were poured into an eight ounce glass

sample bottle and preserved with formalin. The cup was rinsed as

often as necessary to remove all visible plankton. Enough formalin

was added to make an estimated 10% solution,

Netarts_

All sampling in Netarts Bay was done from a 14 foot aluminum

skiff powered by a 9. 5 or 18 horsepower Evinrude outboard motor,

Engine speeds were regulated in order to keep the towing wire angle

at approximately 45° . Samples were collected from October, 1969

through January, 1971.

Bottom and surface salinity and bottom temperature data were

taken with a conductivity-temperature indicator. Surface tempera-

tures were taken both with a bucket thermometer and the C. T. I.

In Netarts Bay the physical observations were made subsequent

to the zooplankton tows, This was done because I did not want to

anchor the boat in the sometimes treacherous water before I had

been in the area for a while, Thus, I made a tow while attempting

to 3etermine if it was safe to anchor the boat. As Netarts Bay is

very well mixed, I felt that this sequence would not make much of

a difference when comparisons were made with Yaquina Bay.



Several replicate data collections were made at the beginning of

this study to substantiate this hypothesis.

In addition to the above data, other climatological data were

also obtained. Wind data were provided by William Gilbert, a staff

member of the Department of Oceanography at Oregon State Univer-

sity They were taken by the United States Weather Bureau (ESSA)

at the Marine Science Center in Newport, Oregon. Rainfall data were

obtained from the Climato logical Data Report for Oregon prepared

by the Environmental Data Center of the United States Department

of Commerce. Temperature data for sea surface waters were taken

from the data reports of Gonor etal. (1970a; 1970b).

Laboratory Methods

Almost all of the Yaquina Bay zooplankton samples were counted

by Joan Flynn. I counted almost all of the Netarts Bay samples, We

used very similar techniques and comparisons of our counts showed

virtually the same identification and numbers,

Yaquina Bay samples were subsampled using a 1 cc Stempel

pipette following the method described by Frolander (1968) and

Frolander etal. (1971). Usually one subsample was taken, and

anàttempt was made to count at least 400 animals. An average of

460 animals were counted in each Yaquina Bay sample.

Netarts Bay samples were diluted to a greater extent than
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those prepared by Frolander's method in order that more than one

subsample could be counted. An average of 425 animals were counted

from each Netarts Bay sample.

The data from the counts along with the volume of water fil-

tered, the fraction subsampled, and all physical data were punched

onto computer cards. The data were then processed by the computer

in several ways.

Graphs of plankton density or diversity against time were

plotted on a CalComp plotter using the routines of Gemperle and

Keeling (1970). A CDC 3300 computer was used, and all plots were

drawn with a 0. 6 rapidograph pen. Diversity data were calculated

using the AIDONE program of Overton and Zipperer (1969). Data

to be used in the appendix tables were computed using a program

developed by Adrian Matson. This program calculated the number

of animals per cubic meter from the raw counts, fraction subsampled

and the volume of water filtered.

The plots of density against time were prepared in two ways,

either on an arithmetic scale or a log1 scale. The log plots also

contain a four point running geometric average. When no animals

were collected the computer drew an open square on the x-axis.

Otherwise, all points were located with a cross-shaped symbol.

The log plots were prepared when it appeared that arithmetic

plots were insufficient to show all of the population changes. This
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occurred when one or two large density values dwarfed all other

values.

There is somewhat of a controversy as to which method most

satisfactorily displays the data. A discussion of the merits of

arithmetic plot is found in Ricketts and Calvin (1950, pg. 361). A

similar argument in defense of the log plot is found in Frolander et al.

(1971, pg. 9).
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COMPARISON OF METHODS

Because different boats were used in taking the samples in the

two bays, a comparison of Clarke-Bumpus (C.B.)meter revolutions was

made. Sixty tows were chosen at random from each bay to make

the comparison. The same C. B. frame was used for all of those

tows. Since the tows in both bays were made for the same length

of time, I assumed that all of the data were drawn from the same

population. A t- test of the means of each set of 60 tows was made,

and Netarts Bay tows showed a significantly (p < . 01) greater number

of revolutions per tow.

The amount of water sampled in both bays usually fell within

the area of optimum performance for the net (Yentsch and Duxbury,

1956).

A comparison of the effect of different net mouth sizes was

also made. Comparisons between the total number of animals

collected at the same time by the Ciarke-Bumpus sampler (mouth

size . 1 2 meters diameter) and a modified 'Bongo't frame (mouth

size = . 22 meters diameter), both using 239 mm nylon mesh, mdi -

cated that the C. B. net caught more animals every time. It often

collected two to three times more animals when the numbers were

corrected for volume of water sampled. This is contrary to most

other research concerned with the avoidance of towed nets by



zooplankton (Fleminger and Clutter, 1965). The tBongo' net caught

more of the larger animals such as Calanus finmarchicus.

A non-qualitative comparison was also made between the Clarke-

Bumpus net and an unmetered one-half meter net in Netarts Bay.

For small animals (less than 2 mm) the C. B. net appeared to collect

about the same diversity of species. The 1 /2 M net did catch a

greater number of larger animals such as mature Epilabidocera

amprites. It also collected two Eucalanus bungii which were not

taken by the C.B. net. A more complete discussion of the effect of

net diameter on diversity estimates is found in McGowan and

Fraundorf (1966).



EFFECT OF WEATHER

Winds

Movement of air across the Pacific in the mid-latitudes is

generally from the west. This movement, called the prevailing

westerlies, is rather persistent at sea but is often modified by

continental effects as it approaches land. According to Bourke

et aT. (1971), the coastal winds of the Pacific Northwest are the

result of two large modifying influences: the North Pacific high

pressure area and the Aleutian low pressure area. During the sum-

mer, the Aleutian low is weak, and the Pacific high is located at

about 30_400 N. Winds hitting the coast during this period are usually

onshore from the northwest. In the winter, the Pacific high weakens

and moves south while the Aleutian low is intensified. Thus, winter

winds, as recorded at shore stations, are often shown to be coming

from a southeasterly direction. Kulm and Byrne (1967) found that

the most frequent winter wind direction at Newport, Oregon, is from

the east, but high velocity, less frequent winds may move in from

the southwest.

These average wind movements also appear to vary between

stations on the Oregon coast. Bourke et aT. (1971) gave average

wind direction data from 12 stations on the Washington, Oregon,

and northern California coasts. The data show, for instance, that



the average wind direction for March at Tillamook, Newport, and

Cape Arago are northwest, east, and southwest, respectively. The

strongest correlation between these stations is during the months of

May through September, when all show average winds from the north-

west or north northwest. A portion of their table is reproduced in

Table 2 (page 34).

Wind direction is very important in determining Oregonts coastal

currents and hydrography. The periodic changes in wind direction

cause corresponding periodic changes in water properties. During

the summer winds from the northwest cause an offshore mass trans-

port of water as described by the theory of Ekman (von Arx, 1962).

This offshore movement of surface water leads to upwelling of colder

more saline waters. tJpwelling and wind stress have been extensively

studied along the Oregon coast (Smith, 1964; Pillsbury, 1972; Fisher,

1971; Panshin, 1967).

During the winter, winds from the south help to cause northerly

and onshore mass transport. Although wind has not been determined

to be the sole factor causing this northerly movement of water (Burt

and Wyatt, 1964), it is certainly an important factor. The northerly

current has been called the Davidson Current. Reports of its occur-

rence in Oregon waters have been made by Burt and Wyatt (1964),

and more indirectly by Wickett et al. (1968a; 1 968b). Its effect in

bringing more southerly zooplankton into Oregon waters during the



winter has been described by Frolander (1962.), Cross (1964), and

Matson (1972.).

Wind data covering the period of this study are contained in

Figures 4 and 5. These data were taken at Newport from March,

1969 through December, 1970, Each rectangle represents the 95%

confidence interval around each monthly mean, The means are

located in the center of each rectangle.

It can be seen that there was variability from year to year.

Matson (1972.), in a similar study, also found high wind variability.

Certain trends are obvious, however. During the months of Septem-

ber, 1969, through February, 1970, the main direction was from the

southeast. During June, July, and August winds were from the north

in both years. The months of March and April were rather variable

with the prevailing direction from the west. This apparently was the

period during which winds shift from south to northwest.

One effect of this wind pattern would have been to cause upwel-

ling during June, July, and August. Theoretically, upwelling should

have been more intense earlier in 1970 than in 1969, as the May and

June, 1970 means have a stronger northerly component than the 1969

means.

Another effect would have been to cause a northerly flow of

water during the winter. That these effects actually occurred is

borne out in the physical data collected during the study. They will
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Figure 4. Processed wind data for Newport, Oregon from March
through December, 1969. The mean for each month is
the center point of each rectangle. Each rectangle repre-
sents the 95% confidence interval around the mean.
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Figure 5. Processed wind data for Newport, Oregon for 1970. The
mean for each month is the center point of each rectangle.
Each rectangle represents the 95% confidence interval
around the mean.
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be discussed in the following sections.

Precipitation

Total rainfall at Newport for 1969 and 1970 was 73. 05 and 74.47

inches, respectively. Total rainfall at the Tillan-iook weather station

was 80. 61 inches for 1969 and 95.42 inches for 1970. The Tillamook

weather station was the closest official weather station to Netarts

Bay. Unofficial rainfall data were also obtained from two locations

on Netarts Bay. Pain gauges were maintained and checked daily on

the southern and northern ends of Netarts Bay by two local citizens.

One of the people, Mr. Lewis Bowen of the Netarts salmon hatchery,

has provided me with these data.

The data for both bays are contained in Table 2. Figure 6

shows daily precipitation graphically for Newport and Tillamook.

Only the rainfall coincident with zooplankton sampling periods are

contained here in Figure 6.

Although Table 2 and Figure 6 show that Tillamook received

more rain than Newport and that the south end of Netarts Bay received

more rain than the north end, there is a very strong correlation

between these points as far as which months are wettest. These

data show that the most rain fell during the winter. December and

January were the wettest months; July and August were the dryest.
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Figure 6, Daily rainfall data for Newport and Tillamook, Oregon. Data are concurrent with the period of zooplankton sampling in each bay
(Newport, May, 1969 - September, 1970; Tillaniook, October, 1969 - December, 1970.



Table 2. Climatogca1 data from the Yaguina Bay and Netarts Bay areas

A. Total Monthly Precipitation (inches)

J F M A M J J A S 0 N D Total

Tillarnook 1969 14.26 6.78 4.55 5.69 4.77 6.08 0.64 0.61 5.44 7.80 7.80 16.19 80.6
Tillamook 1970 19.39 7.07 6. 21 9.77 3.56 1. 17 0. 70 0. 23 5.71 7.43 11.80 22.38 95.4

Netarts, south 1969 7.37 8.03 14.85

Netartr, south 1970 22.3 7.00 6.60 9.80 2.80 1.20 0.52 0.31
Netarts, north 1969 6. 55 6.94 13 01

Netarts, north 1970 16.90 5.70 5.10 8.50 2.30 0.80 0.45 0.33 4.42

Newport 1969 14.66 7.15 4.09 5.91 3.96 5.68 0.56 0.36 4.45 5.65 5.24 15.34 73.0

Newport 1970 19.2 8.25 3.26 6.90 2.50 1.00 0.36 0.37 4.41 5.36 8.83 14.03 74.4

B. Average Monthly Temperatures (°C)

J F M A M J J A S 0 N D Average

Tillamook 1969 37. 1 41. 1 44.8 47.9 53. 7 59.8 57. 1 57. 1 56.9 51.3 46. 6 44. 7 49.8
Tillamook 1970 43.4 47. 6 45. 1 45.4 51.0 56.8 56.4 56. 7 53. 7 50.8 47.0 40. 3 49. 5

Netarts, south 1969 53.0 49.0 47.0
Netarts, south 1970 44. 0 49.0 46.0 47.0 52.0 58. 0 58. 0 58.0 54.0

Newport 1969 38.8 42. 6 46. 2 47.8 53. 1 58.3 56.9 57.0 56.7 52.7 49.3 46.8 50.0

Newport 1970 44.8 49.5 46.4 45.4 50.5 54.6 55.8 55.8 53.9 51.1 47.7 42.3 49.8

C. Monthly Average Wind Direction"

J F M A M J J A S 0 N D

Tillamook (1943-45) S SSW NW SSW NW NW NW NW NW S S S

Newport (1935-42) E E E E NNW NNW NNW NNW NNW S E E

As taken from Bourke et al., 197l
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The Effect of Precipitation on
the Salinity of Yaguina Bay

Atmospheric precipitation also has a very strong correlation

with stream flow into the bays. Callaway, Ditsworth, and Cutchin

(1970) collected rainfall, runoff, and salinity data continuously from

April, 1967, through October, 1968. Their runoff data collected

from the Newport area showed a very strong correlation with pre-

cipitation. Although isolated rain storms did not influence river

flow greatly due to soil absorption, extended rainy periods did.

Kuim and Byrne (1967) felt that river discharge is the main

factor influencing changes in the estuarine system. Thus, there

was also a very high correlation in Yaquina Bay between precipita-

tion and salinity (Kulm and Byrne, 1967; Byrne and Kulm, 1967).

They stated, "The change in salinity initially lags about a month

behind the increase of precipitation during the first few months of

fall, following the dry summer season. The marked increase in

precipitation during October is generally not reflected by an increase

in the average change of salinity until a month or so later, " They

also felt that this lag was due to soil absorption. Following this

initial wetting, however, high rainfall had a rather rapid effect

on salinity.

The data collected during this study also showed a good correla-

tion between rainfall and salinity in Yaquina Bay, as shown in
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Figures 6 and 7. The effect was most strongly seen at the upper bay

stations where both surface and bottom salinities beca me very low

during the rainy months (November through April). The downstream

stations did not show such a marked trend due to tidal exchange with

the ocean.

It should also be mentioned that salinities were lower upstream

in Yaquina Bay than they were downstream even during periods of low

rainfall (Table 17). This occurred because riverflow into the bay

was never hero even during the summer.

The effect of Precipitation on
the Salinity of Netarts Bay

The effect of rainfall on the stream flow of Whiskey Creek has

been monitored at the Netarts salmon hatchery. A theoretical dis-

cussion of probable surface runoff is given by Glanzman(1971). Both

of these sources indicated a high correlation of rainfall and runoff.

The effect on the salinity of the bay, however, was much less than

that seen in Yaquina Bay (Figures 6, 7, and 8). This is probably

due to the lack of stream flow into the head of the bay, the small

drainage basin, and the very high tidal flushing. Consequently, there

was not a very strong decline in salinity during the rainy season.

The greatest changes were to be seen at the most landward station.

Further data on the salinity (and temperature) of Netarts and

Yaquina Bays are found in the data reports of Kujala and Wyatt (1961),
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Oliphant, Wyatt and Kujala (1962), Wyatt, Still and Hagg (1965),

Wyatt and Gilbert (1967; 1969; 1970; 1971), Gilbert and Wyatt (1963),

Gonor and Thum (1970), and Gonor, Thum, and Elvin(1971). Much

of this information has been summarized by Bourke (1971) for Yaquina

Bay and by Glanzman (1971) for Netarts Bay.

Atmospheric Temperature

Mean monthly temperature data for Tillamook, Netarts, and

Newport are contained in Table 2. They are very similar. As in

most temperate latitudes, the atmospheric temperatures of both bays

were higher in the summer and lower in the winter,

Because of this, upstream water temperatures were higher in

the summer. This effect was seen in both bays and is common to

most temperate estuaries, Downstream, the temperature was more

constant due to the effect of upwelling of cooler waters during the

summer.

The effect of the tide in bringing cooler oceanic water to warmer

upper bay localities was very evident at the upper bay station in

Netarts Bay (Figure 10). Tows were taken at approximately weekly

alternating high and low tides during the summer of 1970. On low

tides the water which had been warmed by lying over the shallow mud

flats was sampled. On high tides the cooler upwelled oceanic waters

were sampled. The greatest variability was seen in surface water.
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It should be noted that there was a strong correlation between

downstream water temperature and wind stress, As mentioned previ-

ously, winds from the north were stronger in the early summer of

1970 than they were in 1969. Sea surface water temperature records

from this study indicate that the early summer of 1969 was warmer

than the early summer of 1970. This was probably because wind

stress caused greater upwelling of cooler waters in 1970.

This hypothesis was checked against other available information.

The data of Gilbert and Wyatt (1968) indicate that May, June, July,

and August of 1969 were warmer than the same months in 1970. Sig-

nificant differences (t-test, p < .05) weie observed between the data

for each May, June, and August pair. Gilbert and Wyatt's data were

obtained by collecting water from an intake valve at the Marine Science

Center in Newport each morning at 0900, Similar data have been col-

lected by Gonor etal. (1970; 1971). Their readings, however, were

made from a thermometer located 10 cm below the water surface,

Their records were broken down such that the temperature at any

high or low tide could be read. Thus, there is less chance for bias

with respect to tidal stage in Gonor's data.

Gonor' s data show that the surface waters of May and June of

1969 were warmer at higher high water than the same data for May

and June of 1970. The month of June was significantly warmer

(p <.05).
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These data strongly indicate that upwelling was stronger during

the summer of 1970. Comparison of sigma-t values from my data

for the two summers at Yaquina Bay shows that upwelling (sigma-t

values greater than 25 5) did not occur consistently until after

1 d July 1970. Upwelled water was present in at least 50 percent

of the weekly samples after 7 May 1970.

The effect of the earlier upwelling in 1969 may have had an

effect on zooplarikton populations sampled. This will be discussed

later.

lJpwelling may also occur on a small local basis (Smith, 1964).

Indications that this oc curred along the Oregon coast are noted by

comparing the Netarts and Yaquina Bay physical data. lJpwelled

water was more common in Yaquina Bay, and the two bays did not

always show the same situation on similar sampling dates.
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CLASSIFICATION OF THE BAYS

Estuaries have been classified by Pritchard (1955) and Burt

and McAllister (1959) into four types on the basis of salinity. The

classes are:

Type A. A two layered system; marine water beneath and

wedging upstream; fresher water above and moving

downstream. Difference in salinity from bottom to

surface greater than 19%o.

Type B. A partially mixed system. Salinity difference from

top to bottom is between 4%o and 19%o.

Type C. Laterally stratified, influenced by earths rotation.

Type D. Well-mixed. Salinity difference from surface to

bottom is 3%o or less.

These classifications may vary periodically for each estuary.

The classification will progress from A to D as runoff or depth de-

creases or tidal velocity or width increases.

Several of Oregon's estuaries have been classified by Burt and

McAllister (1959). Byrne and Kulm (1967) have summarized the data

for Yaquina Bay. They felt that from June to October Yaquina Bay

is a Type D estuary. From November to May it is a Type B estuary.

The data taken during my study are in agreement with the previous

work. Largest surface to bottom differences were found from
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November through May. They were usually between 3%oand 19%o. On

one occasion, 29 January, 1969, the difference in salinity was great

enough to place Yaquina Bay in the Type A category. From June

through October differences were small, and the estuary was in the

Type D category.

Netarts Bay, because of its shallow depth, large tidal exchange,

and low runoff is a Type D estuary throughout the year. There has

been very little indication of any significant stratification for any ex-

tended period during this study (Figure 8). Burt and McAllister

(1959) also considered Netarts Bay to be a Type D estuary. On two

occasions, however, following a hard rainfall, there was a large

salinity difference from surface to bottom at the Upperbay station.

These data are contained in Table 3.

Table 3. Greatest salinity gradients observed in Netarts Bay.
25 November, 1970 7 December, 1970

Depth Salinity Temp. °C Depth Salinity Temp. °C
8cm 22.20 9.20 8cm 23.24 9.92

46cm 28.88 91cm 25. 56
61cm 29.20 9.60 183cm 30.08

122cm 32.44 274cm 30.52 10. 08
350cm 32.44 9.96

Data collected at most landward (Upperbay) station.
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EXCHANGE RATIOS AND FLUSHING TIMES

Exchange ratios (Ketchum, 1954) and flushing times (Ketchum,

1951) were calculated for both Netarts and Yaquina Bays. As nearly

as possible the differences between MLLW and MHHW were used.

The necessary data for Yaquina Bay were obtained from cross sec-

tional areas given by Goodwin et al. (1970). Netarts Bay cross sec-

tional areas were taken from Glanzmanetal. (1971).

To calculate flushing times I used the modified prism method of

Ketchum (1951) as discussed by Neal (1965) and Matson (1972).

I wanted to determine the exchange ratios and flushing times

during the summer when indigenous populations were found in both

bays. The month of August when Yaquina River flow is 33. 5 cfs

(Kuirn and Byrne, 1967) was chosen, Because there is virtually no

freshwater flow into Netarts Bay during the month of August a hypo-

thetical river flow of 33. 5 cfs was used in order that a comparison

could be made between the flushing rates of the bays. The most land-

ward section of Netarts Bay was chosen to be the point where this hy-

pothetical flow entered. I also calculated the exchange ratio and

flushing time for Alsea Bay assuming a river flow of 33. 5 cfs. For

this I used the data of Goodwin et al. (1970). These results, along

with data from Neal's (1964) study of the Columbia River, are con-

tamed in Tables 4, 5, and 6.
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The values in Table 6 show that the highest exchange ratio and

the fastest flushing are found in Netarts Bay. Thus, this bay would be

the most difficult for holoplankton to establish indigenous populations.

Flushing time is greatest for Yaquina Bay, indicating that indigenous

holoplankton populations would have the best chance for physical

maintenance within this bay. Although the exchange ratio of the

Columbia River is low, the flushing time is relatively short (Neal,

1964). This is because of the very high summer river flow relative

to other Oregon estuaries.

As will be discussed later, the occurrence of indigenous popu-

lations of zooplankton appears to be correlated with the flushing trends

shown in Tables 5 and 6, and discussed above.



Table 4. Low tide volume and tidal prism per statute mile of Yaquina Bay, Alsea Bay, and Netarts
Bay. All values are x i07 cubic feet. The beginning point for each bay is at the mouth.

Yaquina Bay Alsea Bay Netarts Bay
Statute Low Tide Tidal Statute Low Tide Tidal Statute Low Tide Tidal

Mile Volume Prism Mile Volume Prism Mile Volume Prism
0- 1 10. 69 5. 10 0- 1 5. 65 3. 30 0-1 4. 6 5.97
1- 2 12.94 6.97 1- 2 5.40 10.67 1-2 4.8 8. 0
2- 3 12. 78 15. 10 2- 3 4. 05 13. 06 2-3 2. 3 9.26
3- 4 9.87 16.06 3- 4 2.35 7.89 3-4 1.8 9.50
4- 5 7.81 8.74 4- 5 1.60 4.48 4-5 2.0 9.66
5- 6 7.21 6.81 5- 6 2. 15 2.98 5-6 1.3 8. 5
6- 7 6.47 5. 78 6- 7 2.85 1.90 6-7 0 3. 67
7- 8 5.28 5.49 7- 8 2.90 1.53 7-8 - .15
8- 9 4.09 5.20 8- 9 2.85 1.21
9-10 3.12 4.70 9-10 2.50 1.06

10-11 2.38 4.25 10-11 1.80 1.08
11-12 1.99 3.71 11-12 1. 15 1. 05
12-13 1.76 2.99 12-13 .45 1.11
13-14 1.52 2.28 13-14 .05 1.00
14-15 1.28 1.57 14-15 - .58
15-16 1.08 1.16 15-16 - .20
16-17 .90 1.08
17-18 .71 1.01
18-19 .55 .96
19-20 .47 .88
20-21 . 37 .78
21-22 .28 .68
22-23 . 19 . 57
23-24 .10 .46
24-25 . 02 . 35
25-26 . 001 . 25
26-27 - .15



Table 5. Flushing times of Yaquina, Alsea, and Netarts Bays using modified prism method (Ketchum, 1954) and assuming river flow = 33.5 cfs.

Segment Tidal Low Flushing
Number Prism Tide Time
(Yaquina) (107ft3) Volume (Tidal

(10ft3) cycles)

Segment Tidal Low Flushing
Number Prism Tide Time
Alsaa) (107ft3) Volume (Tidal

(107ft3) cycles)

Segment Tidal Low Flushing
Number Prism Tide Time

(Netarts) (107ft3) Volume (Tidal
(10ft3

)
cycles)

0 0.15 0.00 1.00 0 0.15 0.00 1.00 0 0.0 0.15 1.00
1 1.05 0.15 1.20 1 2.60 0.15 1.06 1 4.0 0.15 1.04
2 2.60 1.20 1.46 2 3.30 2.75 1.83 2 41.0 4.15 1.10
3 4.80 3.80 1.79 3 5.30 6.05 2.15 3* 13.6 350 1.2k
4 9.20 8.60 1.93 4 28.00 11.40 1.40 Sum 4.40
5 20.30 17.80 1.91 5* 13.70 13.50 1.91
6 29.70 38.10 2.28 Sum 9.35
7* 34.00 24.20 1.71

Sum 13.28

*partial

Table 6. Exchange ratios and flushing times for four Oregon estuaries.

Exchange Ratio Flushing Time
(Tidal cycles)

Netarts Bay 87. 7 4.4
**Columbja River Estuary 32. 7 10. 0

Alsea River Estuary 73.8 9.4
Yaquina River Estuary 52. 3 13. 3

**as taken by Neal (1964)

'0
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STATISTICAL VARIABILITY

One of the basic discoveries of pianktonologists has been the

realization that zooplankton abundances do not fit a random (Poisson)

model. Zooplankters are apparently contagious in their distribution

and have thus been called "patchy. " Whether the occurrences of

these aggregations are due primarily to advective movements of

water (Boden, 1952) or more to behavior (Clutter, 1967; Emery, 1968)

or to a combination of these (Johnson, 1954) is not known. Also, the

size of the patches is difficult to predict.

Thus, because we cannot assign causality to these aggregations

we cannot choose when to sample them. Therefore, a sampling plan

concerned with studying population succession should be randomized

in space and time and should include a great number of samples taken

over short term intervals. (Ricketts and Calvin, 1950, recommend

daily counts from 12 stations for 50 years along the California coast.

Theoretically, this would normalize the short term factors which

control week to week differences, and the seasonal (long term) pat-

tern would be evident.

Because of the time involved and logistical difficulties, however,

the sampling scheme described in the methods section has been fol-

lowed. Since this scheme is not randomized it is necessary to sta-

tistically partition the variability introduced by each controlling
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factor. When the factor having the greatest variability has been dis-

covered it should be compared with the estimated seasonal variability

due to population succession.

This comparison answers the question of whether the seasonal

succession can be resolved among the other causes of numerical

variability. In other words, is seasonal population succession large

enough that we can confidently say that it is not merely a change which

is accounted for by other forms of statistical variation?

I have attempted to investigate the magnitude of error in abun-

dance estimates introduced by subsampling variability, variability be-

tween replicate tows, tidally induced variability, and day to day dif-

ferences when tows are taken at the same tidal stage. A discussion

of the similarities between these samples is also included.

The results of these analyses indicate that seasonal variations

are of greater magnitude than sampling variations. Separate discus-

sions of the results are included below. The classical method of

Winsor and Clarke (1940) was used throughout the abundance corn-

parisons with all data transformed into logs (Barnes, 1952). For

comparison of similarities Sanders' (1960) similarity index was used.

Sub sampling

Variability introduced by subsampling zooplankton samples with

a Stempel pipette has been studied by Frolander (1968). In this
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analysis Frolander derived a regression line for relative standard de-

viation against percent of the total sample. To do this, he counted

several samples in which the dominant species represented a large

range of percent of the total community. Each sample was counted

ten times, and approximately 400 animals were counted each time.

The percent which each species contributed to the count became his

x-axis against which was plotted the relative standard deviation. The

formula used for relative standard deviation is:

100(s)
x

where: C = Relative standard deviation

s = Standard deviation of the ten subsamples from
each sample.

= Mean of each set of ten subsamples.

The regression line resulting from these data was: log Y =

1. 716 - 0. 477(log X).

As mentioned earlier I did my counts in a divided dish. By

diluting my samples so that each aliquot was less than 400 animals I

was able to count several subsamples in order to reach a total count

of 400. This allowed me to make a slightly different analysis of the

problem than Frolander made. Where his samples varied by the per-

cent contribution of the dominant species, my data varied by the num-

ber of animals counted in each subsample.
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I counted several subsamples from each of ten samples. The

mean number of animals per subsample varied from 18 to 472. These

were then converted to percent by dividing each by 710. This made

my highest value (472/710) equal to 66. 5%, a number corresponding

to Frolander's highest value. Numbers were converted to logs and

regressed against relative standard deviation. The result, log Y =

1.381 - . 364(log X), is quite similar to Frolander's equation. Thus,

my method does not appear to differ greatly from Frolander's. By

counting more than one subsample from each bottle, however, the

standard deviation of each estimate was reduced.

Another more direct method of estimating confidence limits has

been developed by Charles Miller (personal communication). His

formula, which utilizes the count directly without having to convert

the data to percent, is:

R + R2 = 4p2C2 N1 :: R

where: R = (l.96)2(l-p) + ZpC

p = Dilution factor, i. e. number of subsamples
Vol. of liquid sampled

C = Number of animals counted

As an example, if a single 1cc aliquot was taken from a stirred

volume of 10cc, and ZOO animals were counted, then the upper and

lower confidence limits would be 229 and 175, respectively.
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Miller has compared his method with Frolander's, and has found

that they gi ye almost the same confidence limits.

The contribution of subsampling variability is often very small

when compared with field sampling variability (Winsor and Clarke,

1940). A three-way analysis of variance was performed to substan-

tiate this hypothesis. Five replicate tows taken at high tide in Netarts

Bay on 25 August, 1970, were used. Each sample was subsampled

twice. Estimates of number per cubic meter for six different spe-

cies were transformed to logs for each subsample for all five replicate

tows. Species, tows, and subsamples variances were calculated, The

results (Table 7) substantiate the hypothesis that subsampling van-

ability is minor relative to field sampling variability.

Table 7. Results of a three-way analysis of variance of subsamples,
species, and tows data taken at high tide on 25 August, 1970,
in Netarts Bay.

Source of Sums of Degrees of Mean
Variation Squares Freedom Square

s = Species 9.892 5 1.978
t = tows ..889 4 . 223

St 2. 465 20 . 123

r = subsamples . 018 1 . 018

sr .112 5 .22
tr .079 4 .020
str . 242 20 . 012

Total 13. 698 59



55

Variability Between Replicate Tows

Winsor and Clarke (1940) developed a method to determine the

variability between replicate tows. Their analysis allows the deter-

mination of 95% confidence limits from log normal data. A computer

analysis of this type of variability has been made by Wiebe and Holland

(1968).

The data for my analysis came from six replicate tows taken

in Netarts Bay on October 11, 1970. Each tow lasted six minutes and

was taken at high tide when tidal changes were minimal. Two analy.-

ses were made from these data. In the first test, three tows and their

seven most dominant species were compared. In the second test all

six tows and their ten most dominant species were compared. The

results are given in Table 8.

Both of these confidence interval estimates fall well within the

range of other similar studies as reviewed by Wiebe and Holland

(1968). It is apparent, however, that the test is biased by the number

of species and, possibly, by the number of tows.

Variability Resulting from Tidal Stage and Day to Day Differences

Two more analyses similar to the previous one were made to

compare the relative amount of variability introduced by tidal stage

and daily differences. Because the tide moves animals in and out of
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Table 8. Results of two Winsor and Clarke (1940) analysis of variance
tests. Data are from tows taken in Netarts Bay on 11 Oc-
tober,1970. The first test (A) compares three tows and seven
species; the second test compares six tows and ten species.

Source of Sums of Degrees of Mean
Variation Squares Freedom Squares

A

Species 3.908 6 .657
Replicates .454 2 . 227
Interaction . 112 12 . 009

Total 4.473

Confidence limits around a single observation: 41% 247%

B

Species 20. 200 9 2. 244
Replicates 1.668 5 3. 336
Interaction 2.921 45 6.491

Total 24. 789 59

Confidence limits around a single observation: 25% - 393%
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the bay and long shore currents shift them away from the mouth of tI

bay, these factors may have a large influence on what and how much

is caught.

Tows taken at low, mid, and high tide on 4 October, 1970, were

used in the first analysis. Tows taken at high tide on Z, 3, and 4

October, 1970, at the same station were used in the second analysis.

The seven dominant species were used to make the comparison in

each case. The results are in Table 9.

Because the first replicate tow analysis, the tidal analysis, and

the daily analysis were made on very similar tows using similar

parameters, they are probably comparable. It can be seen that the

greatest source of error during the period tested was introduced by

tidal changes. Presuming that the different sources of error are

independent, then the confidence limits around a single sample taken

during this period might be approximately 1/8 to 8 times the mean

value. As shown in the two analyses of replicate tows, however, these

limits can vary with diversity and the amount of data used. Thus, it

might be safe to expand the limits slightly and estimate that confidence

limits of 1/10 to 10 times the mean would include most (hopefully 95%)

of the variations due to short term advective or contagious causes.

A check of this estimate against the extensive data of Frolander

etal. (1971) was made. Week to week variability is probably a re-

flection of field sampling variability. For Acartia clausi this was



Table 9. Results of two Winsor and Clarke (1940) analysis of variance
tests. The first test (A) compares data from tows taken at
low, mid and high tides on October 4, 1970. The second
test (B) compares data taken at high tide on three successive
days (October 2, 3, 4 in 1970). Both tests compare three
tows and seven species. All data are from the Baymouth
Station in Netarts Bay.

Source of Sums of Degrees of Mean
Variation Squares Freedom Squares

111

Species 5. 739 6 955
Replicates .918 2 .459
Interaction 1. 153 12 096

Total 7. 800 20

Confidence limits around a single observation: 13% - 755%

B

Species 4. 545 6 . 758
Replicates . 245 2 . 122
Interaction . 829 12 . 069

Total 5.620 20

Confidence limits around a single observation: 29% - 351%
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found to be less than two orders of magnitude (1/10 to 10 times the

mean) greater than 95% of the time.

Data from my Yaquina Bay study were also examined. Samples

from the Bridge were compared for a 20-week period from 23 April

to 23 September, 1970, when sampling was very consistent tempor.-

ally. The mean weekly variability, as determined by dividing each

successive weekly abundance of Acartia clausi by the next, was 24. 4.

Seasonal variability was greater than this. The mean abundances for

Acartia clausi during June, July, and August was 492 times greater

than the mean abundance for January, February, and March.

Similarity of Samples

Sanderts (1960) affinity index was used to compare the samples

used in the analysis of variance tests above. The results are in Table

1 0.

This analysis indicates that there was a great similarity in the

percent contribution of each species to the whole. Greatest similari-

ties were seen between replicate tows and the mid-high tide corn-

parison. Lower similarities were seen as the time interval between

tows increases.

The fact that tidal stage tows were more similar in this analysis

than were the daily tows is not necessarily in conflict with the abun-

dance analyses. Tidal differences cause large changes in the



abundance of different species. However, since these species often

tend to vary in groups (Matson, 197Z), the similarity is high even

though the abundances are quite different. This implies that although

the confidence limits around the abundance estimate of each species

could be very large, the similarity between samples could be quite

high.
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GENERAL BIOLOGICAL RESULTS AND DISCUSSION

Species List

Phylum Cnidaria
Aequorea .

Obelia sp.
Phialidium sp.
Polyorchis sp.
Sarsia sp.
Velella velella

Phylum Ctenophora
Pleurobrachia sp.

Phylum Chaetognatha
Sagitta elegans

Phylum Mollusca
Clinocardium nutalli
Limacina helacina

Phylum Arthropoda
Subclass Branchiopoda

Podon leukarti
Podori polyphemoides
Evadne nordmanni

Subclass Cirripedia
Balanus balanoides

Subclass Copepoda
Acartia clausi
Acartia danae
Acartia longiremis
Acartia tons a
Calanus finmarchicus
Calanus tenuicornis
Calocalanus styliremis
Calocalanus tenuis
Candacia sp.
Centropages abdominalis
Clausocalanus jobei
Clausocalanus parapergens
Clausocalanus pergens
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Corycaeus anglicus
Ctenocalanus vanus
Epilabidocera amphitrites
Eurytemora americana
Lucicutia flavicornis
Mecynocera sp.
Metridea lucens
Microcalanus pusillus
Oithona similis
Oithona spinirostris
Paracalanus parvus
Ps eudoc alanus minutus forma grac ilis
Scolecithricella sp.
Tortanus discaudatus

Subclass Decapoda
Thysanoessa longipes
Calianassa californiensis
Upogebia pugettensis
Cancer magister

Phylum Chordata
Oikopleur a
Salpa
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Diver sity

Diversity has been defined as a measure of the unlikeliness

within a collection of groups (Stander, 1970). A group in this study

would be a single zooplankton sample from one station at one time.

There are several indices used to measure diversity (MacArthur,

1965). One of the most frequently used is Simpson's (1949). This

index calculates the proportion which each species contributes to the

total community sampled. The diversity parameter, \ , is defined

as:
n

(1) .

= 2
I__I I

where: Pi = ni/N

and = number of individuals in the ith species
N total number of all individuals in all species

An unbiased estimator of , , is used by Simpson.

(Z)
A

=
En(n - 1)
N(N - 1)

This corrects for bias due to overemphasis on the more common

species.

In essence, what Simpson's index gives us is an anti-diversity

measure. Thus, if all of the individuals belonged to one species,

zn/N = 1, and this would be the maximum value of the index. As

diversity increases this estimator decreases. Because of this, the
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usual practice has been to subtract from 1. This, however,

causes the distribution of > to converge rapidly on very small numbers

when diversity is high. In order to expand the values, I have used

l/ as my estimator of diversity (suggested by C. Miller). This

formulation means that the minimum diversity value is 1 when my

animals are present. Increasing numbers indicate increasing diversity.

In addition to Simpson's index I also calculated diversity using

the Shannon-Weiner diversity index and Margalef's diversity index (see

MacArthur for formulation). All of these were calculated using the

AIDONE program described by Overton and Zipperer (1969), All of

these indices showed a high correlation and therefore only Simpson's

index has been used for further analysis.

Two estimates of diversity using Simpson's index were made.

In addition to calculating the diversity from all animals collected, I

calculated holoplankton diversity by removing all meroplanktonic ani-

mals from the community of numbers to be analyzed. This allows

more direct comparison with oceanic studies where meroplankton

make a smaller contribution than they do in nearshore and estuarine

areas,

Although diversity studies of phytoplankton communities are not

uncommon (Patten, 1962; Margalef, 1967), there have been few

attempts to apply this technique to zooplankton communities (McGolden

and Fraundorf, 1967; Deevey, 1971; Lee, 1971). Results of two of the



few studies available show two trends. Lee (1971) found that diversity

in copepod communities increased with distance offshore. He was

unable to choose among several hypotheses to explain this phenomenon.

Miller (personal communication) found that high diversity in the

California Current may correspond to mixing of waters from differ-

ent sources. The data from this study tend to substantiate these

points of view.

Figure 11 and Table 11 show that diversity was highest during

the winter and spring. This is a period when offshore waters usually

move toward the coast. Also, there is usually mixing of Oregon

waters with the more southerly Davidson Current (Burt and Wyatt,

1964). Thus, probably for a combination of the two reasons discussed

here, diversity was highest during the winter and spring.

Summer values were consistently the lowest. Summer is a

period which corresponds to upwelling and lack of onshore or northerly

movement. Also, zooplankton blooms" tend to occur during this

period. These high, local populations tend to overwhelm the contri-

bution of new, but less abundant, species carried in by advective pro-

cesses. Fall values appeared to be transitional,

A comparison between the bays has been done statistically. As

will be discussed, meroplanktonic animals were more abundant and

more diverse in Netarts Bay. Because of this, the total diversity at

the most oceanward station in each bay was different (t - test,
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Figure 11. Diversity values for five stations in Yaquina Bay from
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indicate higher diversity.



Table hA. Seasonal diversity of zooplankton communities at the most landward and most oceanward station in Yaquina Bay and Netarts Bay. Data
are mean values for the indicated months. "Total' diversity was calculated using data for all species collected. "Holoplankton" diversity
was calculated using only holoplanktonic animals. Larger numbers indicate higher diversity.

Summer, 1969 (J, J,A)
Fall, 1969 (S,O,N)
Winter, 1969-70 (D, J, F)
Spring, 1970 (M, A, M)
Summer, 1970 (J, J, A)
Fall, 1970 (S, 0, N)
M can

Yaquina Bay
Oceanward (Bridge) Landward (Buoy 39)

Mob- Holo-
Total plankton Total plankton

Diversity Diversity Diversity Diversity

2.7 2.6 2.0 1.2
4.5 4.1 1.6 1.6
5.2 4.6 2.5 1.8
5.4 4.4 3.0 2.2
2.3 1.9 1.7 1.5

4.0 3.5 2.4 1.7

B. Variations in diversity measure due to replication and tidal variability.

Netarts Bay
Oceanward (Baymouth) Landward (Tjpperbay)

Holo- Holo-
Total plankton Total plankton

Diversity Diversity Diversity Diversity

4.3 3.9 3.8 3.3
6.0 5.1 5.7 4.8
6.6 5.1 6.0 4.3
4.6 2.8 4.6 2.3
5.6 4.4 5.2 3.9
5.4 4.3 5.1 3.7

Replicates Upperbay, 25 Oct., 1969 Baymouth, 11 Oct., 1969
Tow Total Holoplankton Tow Total Holoplankton

Number Diversity Diversity Number Diversity Diversity
1 1.7 1.6 1 3.3 2.4
2 1.9 1.8 2 3.8 2.7
3 2.0 1.8 3 3.3 2.3

4 3.5 2.5
5 3.0 2.1

Tidal Baymouth, 2 Oct., 1970 Baymouth, 3 Oct., 1970 Baymouth, 25 Aug., 1970 Baymouth, 2 Sept., 1970
Variability Tide Total Holoplankton Total Holoplankton Total Holoplankton Total Hoboplankton

Stage Diversity Diversity Diversity Diversity Diversity Diversity Diversity Diversity
L 1.8 1.5 3.3 2.7 5.7 4.7 6.1 2.3
M 6.6 6.0 1.4 1.2 5.8 4.6 6.2 4.8
H 4.0 3.5 1.4 1.3 4.6 3.0 3.5 3.1



p = . 012). The holoplankton diversity, however, was not significantly

different (t-test, p = . 25), although it was higher in Netarts Bay. The

greatest contribution of the meroplankton to the zooplankton diversity

was during the spring and summer.

The most landward station was more similar to the most ocean-

ward station in Netarts Bay than it was in Yaquina Bay. This was

probably because there was less of a transition in physical conditions

to be made in Netarts Bay and also because there was a greater tidal

exchange and shorter distance for the water to travel. The lack of

large transitional areas in Netarts Bay means that the diverse oceanic

fauna may penetrate into the far reaches of the bay.

Variations in diversity between replicate tows (Table 11) were

low. Thus, a single tow may be considered to be a reliable estimate

of the diversity at that point in space and time.

Variability associated with tidal stage was quite high. It occa-

sionally amounted to a factor of three or more (Table 11). The tidal

studies shown in Table 11 were done in the summer or fall when large

populations of animals were being carried in on high water. Except

for the 2 October, 1970 samples, most of the animals were from a

very few species. Large numbers of individuals in a small number of

species would tend to overwhelm the effect of other less abundant

categories of animals. Thus, diversity could appear to decrease as

the animals were brought into the bays on higher water.
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Holoplankton- - Copepoda

Holoplankton is used to describe those zooplankton which are

pelagic throughout their whole life. The holoplanktonic fauna is usu-

ally dominated by the arthropod order copepoda. This study showed

that the zooplankton of Netarts and Yaquina Bays are also dominated

by the copepods. Six species of copepods, Acartia clausi, Acartia

tonsa, Acartia longiremis, Pseudocalanus minutus (f. gracilis), Para-

calanus parvus and Oithona similis, accounted for more than two

thirds of all animals collected in both bays. Several of these animals

will be discussed individually in following sections.

The abundance of holoplankton is often related to a complicated

series of related oceanographic factors. For instance, large popula-

tions are often found concurrent with or following phytoplankton

blooms. Diversity of the holoplankton is often increased by physical

factors such as the Davidson Current in the winter. The abundance of

meroplankton, on the other hand, is often more closely related to the

occurrence of suitable habitats for adults,

During this study holoplanktonic animals occurred in greatest

numbers downstream although indigenous upstream populations were

found in both bays. Seasonally they were least abundant during the

winter. The dominant holoplanktonic species found in Netarts and

Yaquina Bays were very similar to those described in other estuarine

studies on both coasts of the United States,



Table 12. Location and percent contribution of the dominant species in Yaquina and Netarts Bays.

Acartia clausi
Acartia tonsa
Acarti a longiremis
Calanus finmarchicus

Paracalanus parvus
Pseudoca lanus mi nutus
Clausocalanus and

Ctenocalanus vanus
Eurytem ora americana
Centropages abdominalis

Qithona similis
Corycaeus anglicus

Marine Cladocera
Larvacea
Barnacle nauplii and

cyprids
Crab zoea and megalops
Pelecypod veligers

Percent occurrence of each species at stations within Yaquina or
Netarts Bays. Numbers are the percent of all individuals of each
species which were collected at each station*

Yaguina Bay Netarts Bay

BR B15 B21 B29 B39 BM MB UP

28.2 17.1 28.6 19.7 6.4 41.6 33.0 25.6
1.4 1.3 1.8 33.5 62.1 30.3 31.1 38.5

49. 3 39.8 10.4 0. 1 0.02 45.7 28.9 27.4
53.2 36.2 7.2 3.2 0.03 53.6 25.5 20.9
42.8 34.2 12.9 8. 2 1.9 42.6 33. 1 24.3
79.0 16.4 4.3 0.3 0.1 48.5 31.7 19.8

Contribution to the pelagic community as
percent of all animals collected**

Yaguina Bay Netarts Bay
May, 19W- Oct.,1969- Oct.,1969- Oct.,1969-
Sept.,197O Sept.,1970 Feb.,1971 Sept.,1970

61.6 63.1 44.8 46.1
6.8 7.5 1.4 1.8
1.2 1.5 4.5 4.6
0.4 0.4 0.7 0.9
1.4 1.6 7.9 6.0

12.8 9.8 6.7 5.9

60.1 30.1 9.3 0.1 0.0 38.0 40.2 19.8 0.2 0.2 0.8 0.8
2.6 25.9 46.7 19.9 4.9 13.1 8.4 69.4 1.0 1.0 0.5 0.7

67.2 25.3 6.0 1.5 0.04 57.9 23.4 18.6 0.9 0.5 0.8 1.0
49.6 39.7 10.1 0.1 0.1 40.0 36.0 24.0 1.8 2.3 4.8 4.5
40.3 23.7 19.0 12.5 4.5 36.6 41.3 22.1 0.2 0.3 .8 1.0
24.1 24.6 28.1 18.1 5.1 49.6 23.6 26.8 1.1 0.4 3.0 3.2
46.0 39.3 13. 2 1.3 0.2 52.3 29.9 17.8 0.4 0.3 1.7 2.0

37. 1 19. 1 12.8 21. 2 9.8 50. 2 34.2 15.7 8. 2 8. 2 7.7 6.8
45.8 24.0 17.9 9.0 3.3 16.7 68.4 14.9 0.6 0.6 1.4 1.9
65.3 23.3 10.8 0.8 0.0 65.8 19.4 13.2 0.7 0.9 3.0 3.5

*The sum for each species is 100%. Thus, 28.2% of all Acartia clausi collected from October, 1969 through September, 1970 in Yaquina Bay were
found at the Bridge Station.

**Data for two time periods are given because the field collections did not begin and end at the same time in both bays. The first column under each
bay heading contains data for the total sampling period in each bay. The second column under each bay heading Contains data for the one year
period during which sampling was being done in both bays concurrently.

-J
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Family Acartiidae

This family is composed of a single genus, Acartia. The defini-

tive work on these animals was done by Steuer in 1923. His mono-

graph contains descriptions of 32 species but is somewhat incomplete.

Brodsky (1950) estimates that there are at least 40 species within the

genus and states that several are poorly defined taxonomically. He

found eight species in the far eastern seas and polar basins of the

USSR.

Closer to Oregon, Davis (1949) lists six species occurring in

the northeastern Pacific Ocean although he was able to find only three

species in the samples he examined. Frolander (1962), Fulton (1968),

and Hebard (1966) found two species, Acartia danae and Acartia

longiremis off the coasts of British Columbia and Washington. Cross

(1964) also found Acartia clausi in Oregon coastal waters.

In Oregon estuarine studies Frolander (1964) and Matson (1972)

have also found Acartia tonsa in addition to the above mentioned three

species.

During the period of this study I found all four of these species

in both Netarts and Yaquina Bays. It is apparent that Acartia clausi

and Acartia tonsa are euryhaline, estuarine copepods. Acartia

longiremis probably lives in the neritic areas outside the estuaries

(see Figure 12). Acartia danae is a more offshore tending animal
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which is found only in small numbers in estuaries during the winter

months.

Acartia clausi Giesbrecht

Acartia clausi, a species containing two subspecies, is found in

estuaries throughout the temperate oceans of the world (Steuer, 1923).

It is very often a dominant member of the pelagic estuarine community

during the warmer months of the year. It is not found commonly out-

side nearshore, coastal areas (Wilson, 1942).

Jeffries (1967) includes this animal in a category which he called

"estuarine and marine. ' The characteristics of this category are:

"Propagate throughout a major portion of an estuary's
length, usually spanning the gradient zone; reproduction
not limited to the marine zone; population development
usually limited by salinities less than io%o; estuarine
populations maintained by indigenous recruitment, not
dependent on influxes from offshore to maintain critical
population densities; ocean populations generally most
abundant near the coast.

Yaquina Bay Populations. Acartia clausi was the most common

organism encountered in this study. It occurred in 278 of 287 samples

and accounted for over 60% of the animals collected (Table 7).

Jeffries (1967) description of the species seems to be very

fitting for the dynamics of Acartia clausi in Yaquina Bay. Figure 12

shows the population to be very low offshore. Numbers rapidly in-

creased as soon as the estuary was entered and the population remained

high throughout the length of the estuary sampled.
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Figure 12. Spatial distribution of four copepod species on 30 July,
1969 from 1000 to 1600 hr. Stations were located from
ten miles at sea to Buoy 39 in Yaquina Bay (From
Frolanderetal., 1971).
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Frolander (1964) concluded from a 30-hour study in Yaquina Bay

in August, 1963, that the population of Acartia clausi is centered

about BZ1 and moves up and downstream with the tides. During this

study the highest percentage of the population was found at BZ1 also.

It appears that the BZ1 area is also very significant for the con-

tinuation of the population through the winter months. Table 13 and

Figures 13 and 14 show that during the months of December through

March the density of Acartia clausi was the highest at the BZ1 station.

Numbers at the extreme stations (Bridge and B39) approached zero

during this period. This trend is also shown in the data report of

Frolander etal. (1971). As spring and summer approach the popula-

tion must begin to bloom and the population center splits. The areas

of highest abundance are found progressively later upstream and down-

stream from BZ1. Thus, the population sustained at the B21 area

during the winter appears to give rise to the subsequent blooms at the

Bridge and B39 stations.

In addition to the data in Table 13, other evidence supports this

hypothesis. Spring blooms of Acartia clausi were not found in Alsea

Bay (Matson, 197Z) or Netarts Bay. I believe spring blooms did not

occur because the population of estuarine animals is mostly washed

out of these two shallow bays and must be re-introduced from the

ocean. Blooms of oceanic or neritic Acartia clausi apparently do not

occur in the spring in nearshore waters. At least, they have not been
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Table 13. Mean monthly number of Acartia clausi in cubic meter of
water sampled at five stations
1969 September 1970,

in Yaquina Bay from May

Br. B15 B21 B29 B39 Sum

May 6430 16360 --

June 5830 750 410 2020 400 9410

July 2960 1450 850 7780 2820 15860

August 15270 6980 4320 650 870 28090

September 1860 960 410 740 1140 5110

October 670 1180 3240 4070 8970 18130

November 420 1220 290 3690 1630 4060

December 50 5150 17890 5020 700 28810

January 8 150 670 70 17 920

February 3 40 100 85 5 230

March 30 190 2790 890 12 3902

April 560 4130 3580 12220 33 20520

May 2140 3770 7440 4390 8 18010

June 8490 1420 210 470 2410 13010

July 4620 570 790 1780 910 8670

August 5850 2350 420 400 390 9420

September 8560 7360 800 350 190 17260
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recorded in such neritic areas such as studied by Hebard (1966) or

Cross (1964). Haertel and Osterberg (1967) made no mention of a

large spring population in the Columbia estuary. Thus, the spring

peak downstream in Yaquina Bay may be derived from animals within

the bay, or as Jeffries (1967) stated, "by indigenous recruitment.

Those bays without an indigenous winter population would not have a

spring peak.

Another bit of evidence for a horizontal succession in the bay

may be seen in Figure 13. During the winter there were several

sampling dates during which no Acartia clausi were collected at B39.

They must have to be re-introduced from downstream each year, and

the population in the B39 area then reaches a high density about two

months after the population at B21 has peaked.

The population split away from the BZ1 area in the early summer

is perplexing. That the animals became dense at the Bridge is not

difficult to explain. Water temperatures there in the summer were

similar to those found at B?.1 in the spring. In the meantime, the BZ1

area warmed considerably and there is evidence that Acartia clausi

does not do well in warmer waters (Deevey, 1948). In the B39 area,

however, the water temperatures reached the highest levels encoun-

tered in the bay during this study (Figure 9).

Animals carried upstream were apparently maintained there

independently of the more downstream populations. Figure 1.5 and



Table 14 show that there was a decrease in mean cephalothorax length

of adult females in the B39 area. This decrease appears to be cor-

related with temperature (r -. 89, when size was correlated with the

bottom temperature at the time of capture). The diminution in size

occurred independently of the downstream population. A bimodal size

frequency was found in the B29 area on 30 August, 1969 and at B21 on

23 July, 1970 when animals from all stations were measured, These

data, and the non-quantitative observations of several other sampling

dates indicated that there was little overlap between the members of

the two size ranges shown in Figure 15. Thus, larger animals may

have been introduced in the spring by tidal movement and a population

was formed upstream which did not mix with others in the bay. These

upstream animals were not only smaller, but observation of recently

preserved individuals showed them to be more opaque and more

densely covered with blue, ventral patches than the animals at the
'- \

Bridge.

Table 14. Mean cephalothorax length of Acartia clausi and Acartia
tonsa at B39 during the spring and summer of 1970.

A. clausi A. tonsa Bottom
N mm s N mm s T empe r a t u r e

31 Mar 15 .77 . 03 - -- -- 12. 3
14 April 15 .73 .03 -- -- -- 11.8
l3May 15 .70 .03 -- -- -- 12.2
18 June 15 .60 . 01 15 .90 . 03 18. 08
9 July 15 . 59 . 02 15 . 81 . 04 21.9
17 July 15 . 56 . 02 15 . 78 . 02 20. 00
23 July 15 .56 .02 15 .74 .03 19.9
20 August 15 . 56 . 02 15 . 75 . 03 19.2
Z8August 15 .59 .02 15 .75 .03 17.85
23 Sept. 15 .61 . 03 15 .78 . 03 14, 55
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Similar changes in the mean size of Acartia clausi with season

have been noted by Conover (1956), but no record of bimodal size fre-

quencies within a single bay at the same time have been found. The

lack of a size gradient up the bay may be indicative of genetic poiy-

morphism within the original population. The effect which this may

have on competition with Acartia tonsa will be discussed later.

In conclusion, it appears that seasonal abundance varies with

stations within the bay. Late spring and fall peaks were seen at the

bridge, although previous work has shown that high populations may

extend over the whole summer downstream. High December-January

and early spring populations were found in the BZ1 area during this

study and for several previous years (Frolander etal., 1971). The

B39 area showed a strong summer high with very low numbers through-

out the late fall, winter and spring. The densities seen at the inter-

mediate stations, Bl5 and B29, probably reflect tidal transfer of

animals from the BZl area during the colder months. During the

warmer seasons, populations probably grew and passed upstream or

downstream. Thus, densities seen here may reflect stages in a hori-

zontal population succession or tidal transfer. Tidal transfer of this

species has been more fully discussed by Frolander (1964),

Netarts Bay Populations. Acartia clausi was the most common

organism encountered in Netarts Bay. It occurred in 196 of 199

samples and accounted for 40% of the animals collected.
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As indicated in Figure 16 the three stations in Netarts Bay all

resemble each other and the seasonal highs and lows all occurred at

approximately the same time. A very strong late summer and fall

peak was seen both years with population levels being relatively low

over the rest of the study. This is almost exactly the situation de-

scribed by Matson (1972) in Alsea Bay.

Tidal studies in August, September and October in Netarts Bay

indicated that the Acartia clausi population was pretty well washed out

of the Upperbay area on each tide (Table 15). During the midtide

period the animals were present in greatest numbers at the mouth and

at high tide their greatest density was at the mouth or midbay station.

Thus, the center of the population appears to have been located near

the mouth and was probably carried into the upper areas of the bay on

high water. This is also implied by the tidal studies carried out on

September 2 and October 2, 3, 4 (Table 15). High densities of Acartia

clausi were found on the midtide at the mouth, indicating that at low

tide the population center would even have been outside of the bay.

During the winter this situation seemed to change somewhat.

Table 16 shows that over the winter months slightly higher numbers

were found in the midbay or upperbay areas rather than at the mouth

of the bay. I suspect that populations may have been maintained in the

bay but harsh winter conditions and a large tidal exchange kept the

populations at a very low level. Population growth may have occurred
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Table 15. Number of Acartia clausi collected at different tidal stages
on 2 September and 2, 3, 4 October, 1970 in Netarts Bay.
All values are numbers per cubic meter.

Date Stage Baymouth Mid Bay Upperbay

9/2/70 Low 288 185 82
Mid 1270 940 373
Mid 1299
High 14323 4762 2275

10/2/70 High 1802 185 82

10/3/70 Low 7363 2368 247
Mid 2090 3285 515
High 4082 5636 1965

10/4/70 Low 2111 2723 328
Mid 30831
Mid 34742
High 8254 25891 15682
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Table 16. Mean monthly number of Acartia clausi per cubic meter of
water sampled at three stations in Netarts Bay from
October 1969 - February 1970,

October

November

December

January

February

March

April

May

June

July

August

September

October

November

December

January

February

Lower Bay Mid Bay Upper Bay Sum

8819 8232 8081 25132

593 569 339 1501

19 17 60 96

5 13 2 20

43 63 61 167

84 99 88 271

213 485 216 914

667 2809 1640 5116

1436 231.8 247 4001

1261 463 167 1891

4972 3337 1211 9520

6455 4300 2635 13390

268 592 466 1322

46 62 76 184

1 5 11
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slowly in the lower bay, or just outside the bay during the spring and

eventually reached high population levels in the summer and fall. It

is interesting to note that the upperbay area had the highest number of

animals collected during December. This resembles the situation

seen at BZl in Yaquina Bay on a much reduced scale.

Acartia tonsa Dana

Acartia tonsa, like Acartia clausi, is found throughout the

temperate and tropical oceans of the world in the inshore waters

(Steuer, 1923). Steuers work indicates that Acartia tonsa is more

widely distributed in the southern hemisphere than is Acartia clausi,

but it does not appear to be found as far north. He also found that it

is more confined to the inshore areas than is Acartia clausi. Evidence

for an inshore location is seen in Figure 12 which indicates that Acar-

tia tonsa in Oregon does not extend even as far out as ten miles off

shore during the summer. This may explain why its occurrence was

not reported by Fulton (1968), Hebard (1966), Cross (1964) or Lee

(1971).

Jeffries (1967) included Acartia tonsa in his "estuarine and

marine" category. To some extent this may be a correct analysis.

As will be developed later, however, A. tonsa apparently only thrives

in the brackish water areas of Oregon's estuaries and not throughout

the estuary as implied by Jeffries' definition.



Conover (1956) and Jeffries (1962) presented evidence which

indicated that Acartia tonsa was less affected by low salinities and

higher temperatures than Acartia clausi. For this reason they hypo-

the sized that Acartia tonsa was able to out-compete Acartia clausi in

brackish water areas and replaced it as the summer progresses. Thi

did not seem to happen on the west coast where these two species co-

occur as will be discussed later.

Yaquina Bay Populations. Figures 17 and 18 indicate that the

only large Acartia tonsa population peaks occurred at B29 and B39

during the summer. The animals at B29 appear to have been carried

down there on low water.

Some unpublished data (Frolander, personal communication)

indicates that the population of Acartia tonsa extends beyond B39 dur-

ing the summer. To check this, additional tows were taken on 26

August, 1971 at B45 and Toledo two hours after low water. These

tows collected large numbers of Acartia tonsa at both locations, mdi-

cating that this species extends well into the far reaches of the estuary.

Animals at the Bridge, while always rare, appeared to be pre-

sent year round. They were least abundant at this station during the

summer months. Matson (1972) likewise reports very low numbers

at his stations during the summer. Because there are never very

:ould not see much of a cycle in their downstream
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As mentioned, however, there is a very strong seasonal cycle

evidenced upstream. During August, September and October 1 found

concentrations of greater than 6000 Acartia tonsa per cubic meter of

water sampled. Frolander (1964) reported more than 8000 animals

per cubic meter on August 10, 1963 at B39. These upstream animals,

like Acartia clausi, were smaller than those found near the ocean

(Table 14). Their change in size also showed a strong negative cor

relation with temperature, similar to that described for this species

on the east coast (Heinle, 1969).

Several studies (Jeffries, 196, 1967; Lance, 1963) indicate

that Acartia tonsa grows best in warm waters of low salinity. In

areas where such conditions exist year round it may be the principle

component of the pelagic community (Cuzon du Pest, 1963; Woodman-

see, 1958). In temperate areas where these conditions only occur for

part of the year the population has shown a strong seasonal correlation.

Conover (1956) felt that the developmental stages are the most affected

by the physical environment and he found that warmer waters are more

favorable for these developmental stages. Thus, in Yaquina Bay,

where warm water is found upstream the population blooms. Down-

stream, and in Alsea and Netarts Bay where warm water does not

occur for as extended a period of time, no substantial population de-

velops.
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Several scientists have noted an apparent competition between

Acartia tonsa and Acartia clausi, Deevey (1948), in studying Tisbury

Great Pond, felt that temperature controlled the occurrence of these

two species and that high temperature (22-24°C were lethal toA,

clausi. She also stated (1952) that in Block Island Sound A. tonsi in-

creased in numbers during the period of rising salinity. Conover

(1956) felt that temperature was not the controlling factor in Long

Island Sound. His laboratory experiments indicated that A. clausi

could survive well at temperatures of 22-24°C but that they were gone

from Long Island Sound before temperatures this high were reached.

They were replaced byA. tonsa. Conover hypothesized that the sum-

mer succession in size of food particles might have caused the disap-

pearance of A. clausi and the subsequent dominance of A. tonsa.

Jeffries (1962, 1967) believed that the succession occurred be-

cause A, tonsa was less affected by lowered salinities and that it re-

placed A. clausi during low salinity periods when warmer tempera-

tures had not yet started to have an effect onA. clausi, He stated

(1967), 'Because of the susceptibility of A. clausi to low salinity

(11 - 1 6%o) succession starts well within an estuary when tempe rature

becomes 13-17°C. Succession spreads seaward into more saline

waters where osmoregulatory burdens are less. Thus, changeover

occurs progressively later, moving toward the ocean.

I
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Results from this study indicate that to some extent the same

situation as described by Jeffries occurred in Yaquina Bay. A. tonsa

did not appear until the waters were warm, and it was found in areas

where salinity was reduced. Because of upwelling, waters near the

ocean were never warmed greatly and salinity was never decreased

to any great extent during the summer. Thus, large populations did

not occur downstream,

Acartia tonsa did not, however, appear to completely replace

Acartia clausi either, although numbers of A. clausi were somewhat

lower when numbers of A. tonsa were the highest at B39. Both A.

tonsa and A, clausi were present at Toledo on 26 August, 1971 when

a special series of tows were taken to answer the question of whether

A. tonsa might replace A. clausi further upstream than B39, the

highest normally sampled station (Table 17).

Collections were then made with a half meter' net (, 239 mm

mesh) at three stations, two miles, four miles and eight miles (Elk

City) above Toledo on 30 August, 1971 in a further attempt to answer

the question. Acartia tonsa was almost completely absent in these

last three tows. Acartia clausi was found very abundantly at the two

mile station, however, and approximately one animal per cubic meter

was collected at the station four miles above Toledo, Surface salinity

at this station was less than 5%o, Approximately 50 cubic meters of

water were sampled at the eight mile station, but no A. clausi or A.



Table 17. Numbers of the dominant animals from tows taken from the Bridge to Elk City on 26 and 30 August, 1971. Animal values ar: number per
cubic meter of water sampled.

Station Acartia Acartia Acartia Pseudocalanus Eurytemora Oithona Bot. Surf. Bottom Surface
clausi tonsa longiremis TfliflUtUS americana similis temp. temp. salinity salinity

*Bridge 2489 97 140 258 10.4 10.5 33.096 33 095

*Buoy 15 811 99 84 462 9.8 10.5 33. 130 33.095

*Buoy 21 548 8 95 4 61 26 13.2 14.5 32. 615 32.455

*Buoy 29 3006 3583 ---.- 19.2 20.2 29. 633 28.931

*Buoy39 1497 7450 20.4 21.6 25.974 24.907

*Buoy45 1149 5325 -- 21.1 21,3 22.889 22.105

*Toledo 870 2055 --- ---- 21.4 21.5 18.950 18.950

**Toledo and
2 miles A --- ---- 10. 616

**Toledo and4milesP ---- ---- ---- ---- ---- ---- ---- ---- 4.610

**Elk City ---- ---- ---- ---- ---- ---- 19.9 19.9 ---- 0.154

*26 August. 1971
**30 August, 1971

A - abundant
P - present '.0
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tonsa were found. The water at this uppermost station was almost

fresh (Table 17) and the few animals collected there were almost all

of fresh water affinities,

Thus, in Yaquina Bay it is apparent that A. tonsa did not re-

place A. clausi during the summer as it did on the east coast. It

might be hypothesized that in effect A. tonsa did exclude the down.

stream A. clausi population because the larger animals did not occur

in the upper areas of the estuary during the summer when A. tonsa

was found there. Unlike the situation on the east coast, however, A.

tonsa also had to contend with a different upstream A. clausi which

it did not exclude. Such an upstream ecophenotype probably did not

occur in the situation described by Jeffries (1967) and Conover (1956).

Netarts Bay Populations. The population of Acartia tonsa in

Netarts Bay behaved in a manner similar to that described by Matson

(1972) for Alsea Bay. Numbers never became very high as there was

apparently no opportunity for them to do so in the upper areas of Ne

tarts Bay. Water temperatures here were not high for extended pen.-

ods as they were in Yaquina Bay and salinity did not decrease greatly

during the summer. Because of the lack of a large indigenous popu

lation, A. tonsa made a smaller contribution to the Netarts zooplank-.

ton community than it did in Yaquina Bay. This species made a some-

what greater contribution to Netarts Bay than it did to Alsea Bay

(Matson, 1972), however.
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There was no apparent cycle to the occurrence of this species

in Netarts Bay, although the greatest number of zero points were re-

corded during the summer (Figure 19). As in Yaquina Bay populations

were lower during the second year. The lower summer values may

be negatively correlated in Yaquina Bay and to some extent in Netarts

Bay, with the occurrence of cooler upwelled water earlier in 1970.

Thus, they may occur more frequently in warmer ocean water, a

situa.tion described by Esterly (1905).

Acartia longiremis (Lilljeborg)

Steuer (1923) shows Acartia longiremis occurring mainly in the

northeastern Atlantic Ocean near land masses. Brodsky (1950) called

them, "A widespread species with a more limited distribution than

Acartia clausi. " Statements such as these have led some plankton-

ologists to take its northerly distribution somewhat for granted. How-

ever, Wilson (1942) reported that A. longiremis was present in nearly

every locality in the Sargasso and Caribbean regions sampled by the

last cruise of the Carnegie. In the Pacific he found it north of the

Samoan Islands. Haertel and Osterberg (1967) have found that it has

a high positive correlation with temperature, and Matson (1972) states

that, MA. longiremis is a seasonal, coastal copepod preferring

warmer waters for its population maxima than does Pseudocalanus. TI

Thus, it may occur in warmer water areas also, although it has not



been found south of Oregon (Fleminger, 1964; Esterly, 1905, 1906,

1911, 1913, 1924).

Several studies have reported this species from the Oregon

coast as discussed earlier. Hebard (1966), Legare (1957), and Fulton

(1968) felt that it is a surface form in the north eastern Pacific.

Cross (1964) and Hebard (1966) reported it to be a neritic inshore

form.

Figure 12 shows that this species was most numerous at the

ten mile station indicating that it is much more of an oceanic or

neritic form than isA. tonsa orA. clausi. At the ten mile station

it was the dominant species and accounted for almost 70% of all ani-

mals collected there with a 0. 22 meter (mouth diameter) bongo frame,

using a . 239 mm nylon mesh net, on 30 August, 1969. This per-

centage dropped rapidly to 9. 2% at five miles, 2. 4% at three miles

and less than 1% at the rest of the stations through B39. Thus, it

must be considered as a neritic form which probably does not have

indigenous estuarine populations. Additional evidence for this is

given in Figures 20 and 21 which show it was most common at the

downstream stations. Large week to week variability shown in these

figures indicates that the population is carried in by the tides, since

sampling was most often done on weekly alternating high and low

tides. Matson (1972) substantiates this point. He found that by sam-

pling at minus tides he collected his smallest numbers of Acartia



longiremis in Alsea Bay indicating a positive correlation with tidal

height.

Yaquina Bay Populations. As noted above, the greatest per-

centage of the Acartia longiremis population was found at the Bridge

and B15. The animals seemed to be present throughout the spring,

summer and fall in densities probably controlled by tidal cycles and

nertic population growth. May and June were the months of greatest

abundance. A. longiremis was almost completely absent during the

winter.

The population accounted for a smaller percentage of the total

animals collected in Yaquina Bay than Alsea Bay (Matson, 197Z).

This was probably due to the larger contribution of indigenous popu-

lations to the total number of animals in Yaquina Bay.

Netarts Bay Populations. As in Yaquina and Alsea Bays, A.

longiremis was probably carried in and out of Netarts Bay on the

tides. Week to week variability and the higher Baymouth percentage

(Table 1Z) reflected this. The similarity with Alsea Bay in percentage

of total number of animals collected indicated a similarity in the roles

played by this species in these shallow bays.

The population was present throughout most of the warmer

months with June-July and October-November having the greatest

abundances. They were nearly absent in the winter.
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Acartia danae Giesbrecht

Steuer (1923) indicated that Acartia danae is a very cosmopoli-

tan species occurring widely in all oceans at latitudes of approximately

500 or less, Wilson (1942) likewise found this species in almost all

of his open ocean stations between 400 north or south.

The seasonal occurrence of A. danae has been intensely studied

and reported by Frolander (1962), and Cross and Small (1967). They

hypothesized that it can be used inshore as an indicator of the north-

erly flowing Davidson current which carries warmer water from the

south during the winter, although Cross (1964) found it year round at

distances greater than 100 miles off the Oregon coast.

Although it is primarily an oceanic form it is carried inshore

durIng the winter and may be found in Oregon estuaries in small

numbers. Matson (1972) felt that the appearance of Acartia danae in

Alsea Bay may be used to indicate a change in seasons, He stated

that its appearance in the fall signified the end of upwelling and the

appearance of warmer oceanic water along the Oregon coast.

The results from Yaquina and Netarts Bays substantiate these

points of view. A. danae appeared in mid-November in Yaquina Bay

and was last collected in mid-March. In Netarts Bay it was found

from December through February. Numbers were always low and

it was not always present in winter plankton collections. The highest
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density recorded was six A. danae per cubic meter in Netarts Bay.

Family Calanidae

This family contains five genera. The genus Calanus is the

most important of the five in terms of the contribution which they

make to the total numbers of zooplankton in the world s oceans. Un-

fortunately, the taxonomic difficulties involved in distinguishing the

different species are baffling and the genus need to be studied on a

world wide basis.

In 1957 Jashnov stated that he had distinguished three closely

related species. They were C. finmarchicus (Gunnerus), C.

glacialis Jashnov, and C. helgolandicus (Claus). In this analysis he

reduced C. pacificus (Brodsky) and C. ponticus (Jashnov) to forms

of C. helgolandicus.

In 1967 Matthews published results compiled from several ex-

periments concerned with the growth of C. finmarchicus, C. helgo-

landicus and C. glacialis. Growth at different temperatures indica-

ted to him that C. glacialis and C. finmarchicus were the same spe-

cies and apparent taxonomic differences were really the result of

ecophenotypic variation. Although much conflicting work was being

done in the meantime, the work of Jashnov and Matthews indicated

that all of the above species could be considered as forms of C.

finmarchicus or C. helgolandicus.
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In 1971, however, Frost published results from a morphometric

analysis of males of the genus and took is sue with much of the previous

literature. He felt that C. finmarchicus, C. helgolandicus and C.

glacialis are morphometrically different species. He further (per-

sonal communication to Charles Miller) felt that C. pacificus is also

a distinct species.

Thus, the present status of the various species is undecided.

An investigation of the copepods collected at 1, 3, 5 and 10

miles off Newport by Charles Miller (personal communication) mdi-

cates that two species may be present. Miller bases this on taxo-

nomic characteristics and feels that these species are an inshore

C, finmarchicus and a further offshore C. pacificus. Lee (1971) and

Hebard (1966) also felt that both of these species were present in

Oregon waters, Cross (1966) identified C. finmarchicus and felt that

it was most ab undant inshore, He did not mention collecting C.

pacificus.

Dis sections of Calanus females from Netarts Bay indicated that

these animals were most closely allied with C. finmarchicus as

described by Sars (1903). Because of this I am calling the animals

collected in Netarts and Yaquina Bays Calanus finmarchicus,

Comparisons between Clarke -Bumpus (mouth opening 12 cm)

and 'bongo type (mouth opening 22 cm) collections made at 10

miles off Newport using . 239 mm mylon mesh nets showed more
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animals were collected by the bongo net. The bongo" collected a

mean of 103 animals per cubic meter; the Clarke-Bumpus collected

67 anirrals per cubic meter. The means were significantly different

(t-.test), indicating that C. finmarchicus, unlike several of the smaller

copepods collected during this study, is able to avoid capture bythe

Clarke -.Bumpus net.

Seasonal studies of these animals have been conducted in much

of the northern Atlantic Ocean (Glover, 1967). Off the Oregon coast

Hebard (1966) found highest catches during the spring and summer at

a station 25 miles off Newport, although the rest of his data do not

show this trend. Fulton found them to be abundant year round in the

waters of British Columbia.

Yaquina Bay Populations. Calanus finmarchicus made a very

small contribution to the Yaquina Bay zooplankton (Table 12), Nrn-n.

bers were highest downstream indicating their oceanic preference.

Numbers were highest during the late winter, spring and summer

(Table 18) but there was no discernable seasonal trend to the data.

They are probably present throughout much of the year. During the

month of February when populations of other animals were small,

C. finmarchicus comprised as much as 10% of the animals collected.

Netarts Bay Populations. As in Yaquina Bay, Calanus finmarchi

cus made a very small contribution to the Netarts Bay zooplankton and

numbers were highest during the late spring, summer and fall
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Table 18. Mean monthly numbers per cubic meter of Calanus
finmarchicus at the most seaward stations in Yaquina and
Netarts Bays from June, 1969 through December, 1970.

B ridge Baymouth
(Yaquina) (Netarts)

June 284

July 20

August 73

September 29

October 14 27

November 5 8

December 6 8

January 0 3

February 50 81

March 36 50

April 22 63

May 124 30

June 65 7

July 8 5

August 48 134

September 5 14

October 2

November 37

December 0
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(Figure 2.2, Table 18). The collections were highest at the mouth of

the bay. Like Yaquina Bay, February populations comprised a higher

percentage of all of the animals present than any other month, On

February 22, 1970, Calanus finmarchicus nauplii and copepodites

comprised 17% of all of the animals collected.

Calanus tenuicorns

This is a southern species which is occasionally taken in Oregon

plankton tows. One adult male and eight copepodites were collected

in Yaquina Bay over the duration of the study. They were found in

February, March and April. A few animals were also found in Ne-

tarts Bay during the same period.

Family Paracalanidae

This family is composed of three genera, Paracalanus, Acro-

calanus, and Calocalanus. (Fleminger, 1967, also includes Ischno-

calanus. ) According to Brodsky (1950) only the genus Paracalanus

has a northerly distribution. During this study, however, two spe-

cies of the genus Calocalanus were collected.

Genus Paracalanus. Several investigators report collecting

one species of this genus, Paracalanus parvus, from the northeastern

Pacific (Davis, 1949; Hebard, 1956, 1966; Legare, 1957; Cameron,

1957; Cross, 1964; and Matson, 1972). Further south, Esterly (1905,
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1924)reportedP. parvus from the San Diego and San Francisco Bay

regions. Fleminger (1967) reported the occurrence of three species

of Paracalanus in the California current.

Paracalanus parvus Claus

Brodsky (1950) and Davis (1949) stated that this species has a

nearly world wide distribution in both oceanic and neritic areas.

Esterly (1924) quoting Farran noted that it is apparently a euryhaline

species. Fulton (1968) and Brodsky (1950) called it a surface form

and Brodsky further stated that it occurs in warmer waters. In bays

which are warm year round it may be a dominant species (Woodman-

see, 1958).

Paracalanus parvus is apparently an inshore form in Oregon

neritic waters, as Hebard (1966) only found it in his most inshore

samples. Seasonally, Frolander etal, (1971), Matson (1972) and

Haertel and Osterberg (1967) found it in Oregon estuaries in the fall,

winter and spring.

Jeffries (1967) included it in his "euryhaline-marine" category

which he defines as:

'All stages in life history of the species usually found
throughout the marine zone, but there are adventitious
migrants from the ocean carried landward by tidal ac
tion; eggs, nauplii and copepodites have an incomplete
development, probably including molts; maintenace of
the population is, however, dependent on continuous
supply from the ocean,
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This analysis is probably applicable to Paracalanus parvus in

both Yaquina and Netarts Bays because, as will be discussed, it was

taken only at downstream stations, It should also be mentioned that

because of the small size of the copepodites some individuals may

have been lost by escapement through the nets.

During the winter a bimodal size frequency of females was

found. Very large females were collected in addition to the more

common smaller forms. The large size was confusing because there

did not appear to be any intermediates. After microscopic examina-

tion, however, I found no indication that the larger animals were mem-

bers of another species.

Yaquina Bay Populations. Frolander etal. (1971) indicated that

P. parvus was present in greatest numbers in Yaquina Bay after

1 September and persisted until May. They found densities of up to

100 males and up to 400 females per cubic meter,

During my study (Figure Z3) P. parvus did not show a particu-

larly strong winter abundance downstream and it was collected several

times during the summer of 1969. Numbers were highest, however,

during the months of October, November and December,

The occurrence of P. parvus for 1969 differed somewhat from

previous years (Frolander etal., 1971) in that there was not a de-

finable low during the summer. It is very possible that the apparent

warmer late spring and summer temperatures during 1969 may have
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had an effect, as Brodsky (1950) stated that they most frequently occur

in warmer waters. Matson (1971) hypothesized that if upwelling was

not present then P. parvus would have been present during the summer

in Alsea Bay, During the summer of 1970 conditions returned to

normal and there were several collections with no P. parvus pre-

sent.

Matson also found that P. parvus did not differ in distribution

by stations in Alsea Bay. In Yaquina Bay numbers were higher down-

stream. Upstream populations, when present, showed winter maxima.

Netarts Bay Populations. In Netarts Bay Paracalanus parvus

was present during the fall, winter and spring but not the summer

(Figure 24). Numbers were highest during October, November and

December. Its seasonal occurrence was very much like that shown

for Yaquina Bay by Frolander etal. (1971),

Seasonal peaks were higher in Netarts Bay than in Yaquina Bay,

and the species made a greater contribution to the Netarts Bay

pelagic community (Table 12) than it did to the Yaquina, Alsea or

Columbia estuaries. It is possible that the more oceanic nature of

Netarts Bay allowed higher survival of animals which entered the bay.

Estuaries with high winter fresh water flow may tend to cause osmotic

stresses which reduce survival, even though the animals have eury-

haline tendencies (Jeffries, 1967).
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Genus Calocalanus. Two species of Calocalanus, C. styliremis,

and C. tenuis were taken in Netarts Bays. C. styliremis apparently

has a wide distribution in the Pacific (Wilson, 1942). C. tenuis has

not been reported from the northeastern Pacific Ocean. Both animals

were very rare and all occurrences were during the winter months.

Family Pseudocalanidae

This family contains eight genera (Brodsky, 1950). Four of

these, P seudocalanus, Clausocalanus, Ctenocalanus and Microcalanus,

were collected during this study in Netarts and Yaquina Bays.

Genus Pseudocalanus. The taxonomic status of the species in

this genus is unclear. Four temperate and subarctic species, P.

minutus (Kroyer), P. elongatus (Sars), P. gracilis (Boeck) and P.

major (Sars) have been recognized. Attempts to distinguish between

these forms, however, have had little success as there appears to be

intermediate forms, Even the key given in Brodsky (1950), which is

based on quantitative width-length ratios rather than the more vague

terms such as slightly more elongate used by Sars (1903), is of no

help. Frolander (1962) in a discussion of the animals collected off

the coast of Washington and British Columbia writes:

Specimens of Pseudocalanus from 14 stations, ,

were very kindly examined by Dr. Thomas Bowman,
Division of Marine Invertebrates of the Smithsonian
Institution. He pointed out that it has been the practice
to lump all members of the genus into a single species,
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P. minutus (Kroyer), with the forma or subspecies
elongatus, major and gracilis and that With (1915)
lowered the status of the three species recognized by
Sars (1900, l90ll903) because he found intermediate
forms and most workers have followed him. Dr. Bow-
man believes that the systematic s of Pseudocalanus
must be thoroughly investigated on a worldwide basis
before it can be de termined whether With was correct.

In agreement with Bowman, most scientists studying animals

from the northeastern Pacific have called these animals either P.

minutus (Davis, 1949; Cameron, 1957; Cross, 1965), or Pseudocala-

mis sp. (Matson, 1972).

Animals collected from Yaquina and Netarts Bays during the

summer periods of high density appeared to be closely related to the

gracilis form of P. minutus. All of these animals were taxonomically

homogenous. Because of this, and since Frolander etal. (1971) have

used the name P. gracilis for the same animals collected from Yaquina

Bay I will assign the name P. minutus forma gracilis to the animals

which will be discussed below

as just Pseudocalanus.

For brevity they will be referred to

During the winter, however, animals appeared which were

strikingly different in overall body proportions from the gacilis type.

These winter forms appeared to be most closely allied to P. minutus

forma elongatus, as the length to width ratio of the caudal furcae (2. 2)

and the head shape are closer to that drawn by Sars (1903) for P.

elongatus than for P. gracilis. Adults of this elongatus type were
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never very abundant and consequently I am not sure if a series of

intermediates between the above forms exists or not.

Because of their high density in neritic waters throughout the

world (Davis, 1949) the seasonal cycle of these animals has often been

reported. For the northeastern Pacific Matson (1972) states that

Pseudocalanus is a cool water coastal form off Oregon with peaks

occurring in the spring and summer although they may be present

throughout the year in small numbers. Cross (1964) found that May,

June and July were the periods of marked abundance of this species on

the Oregon Coast. Frolander (1962), Frolander etal. (1971), Hebard

(1966) and Haertel and Osterberg (1967) found the same seasonal oc-

currence. In all of these studies Pseudocalanus was a dominant or

very abundant species,

Jeffries (1967) placed Pseudocalanus in his euryhaline-marine"

category (see Paracalanus parvus), Frolander (1964) found that its

greatest occurrence was at the seaward end of Yaquina Bay, and

Haertel and Osterberg (1967) described it as the most abundant cope-

pod found in waters of greater than 15%o in the Columbia estuary.

Yaquina Bay Populations. Pseudocalanus was the second most

abundant animal taken in Yaquina Bay. Densities were highest down-

stream, where it was found in 60 of 61 tows taken at the Bridge sta-

tion. Figure 12 indicates that its area of greatest abundance was out-

side the mouth of the bay on high tide on 30 August, 1969. Densities
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on this date were high ( 1000/M3) through B15 and then dropped off

rapidly. Figure 2.5 indicates that Pseudocalanus never became abun-

dant at the upper bay stations.

Seasonally they were most abundant during the months of June,

July, August and September, with very low numbers during the fall

and winter. Their seasonal pattern is very much like that described

by Matson (1972.) for Alsea Bay and Cross (1964) for the coastal

waters off Oregon. There is a slight indication of bimodal population

peaks in the spring and fall with low nunibers in the summer.

Netarts Bay Populations. Pseudocalanus was the third most

abundant species collected in Netarts Bay. It occurred in 50 of 52.

weekly samples taken at the Baymouth station, and the animals were

more evenly distributed spatially here than in Yaquina Bay.

Seasonally, Pseudocalanus was the most abundant during the

months of September and October. There was also a smal]. spring

peak suggesting a bimodal seasonal density pattern similar to that in

Yaquina Bay.

The most striking comparison between these two bays is in

terms of total abundance. Densities in Yaquina Bay are much greater

than in Netarts Bay. On an annual basis (October, 1969 - September

1970) Pseudocalanus made almost twice the contribution to Yaquina

Bay that it made in Netarts Bay. I have no explanation for this dif-

ference.
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Genus Clausocalanus. Several species of Clausocalanus are

found in Oregon estuaries during the winter months. A recent world

wide study of the genus by Frost and Fleminger (1968) has led to the

recognition of several new species, Thus, a survey of previous litera-

ture is misleading when attempting to determine the seasonal behavior

of individual species. Because of this, and the small number of each

species collected, I have chosen to lump all species and refer to them

as Clausocalanus sp. This was also the procedure followed by Matson

(1972).

It should be mentioned, however, that Charles Miller has iden-

tified four species from Yaquina Bay (personal communication).

These are included in the species list. I have been able to identify

C. pergens and C, arcuicornis from Netarts Bay and there appears

to be at least one other species present.

Frost and Fleminger (1969) indicated that the most northerly

distribution of any Clausocalanus would be classified as subtropical

or warm temperate. Because of this apparent preference for warmer

waters any member of the genus may be an indicator of warmer waters

from the south. Thus, they should appear with the Davidson current

in the winter, Hebard (1966) suggested that their appearance may also

suggest onshore movement when environmental conditions are uniform

from the coastline offshore.
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In both Yaquina and Netarts Bays Clausocalanus species were

present from November through early May with the highest densities

during February. The highest estimated population was 450 per cubic

meter at the Bridge station in Yaquina Bay on 10 February, 1970,

Numbers were highest nearest the ocean.

These animals made a very small contribution to the pelagic

community as sampled in both bays, Because of the similarity between

their occurrence and that of Ctenocalanus vanus the groups have been

combined in Figures 29 and 30 and Table 12.

Genus Ctenocalanus, Ctenocalanus vanus was identified from

Yaquina and Netarts Bays. Because of previous confusion between

the females of this species and Pseudocalanus, however, it is possible

that some female Ctenocalanus from Yaquina Bay may have been

counted as Pseudocalanus (Joan Flynn, personal communication).

In addition to the animals identified as C. vanus a series of

smaller copepodites, differing in several ways, were found. Matson

(personal communication) found these two types in Alsea Bay also.

Unfortunately, unmutilated adult specimens of the second type were

not collected and thus no taxonomic comparison was made. Esterly

(1924) made collections of a Ctenocalanus from San Francisco Bay

which he feels also differs from Ctenocalanus vanus.

Ctenocalanus vanus populations were very similar in their sea-

sonal behavior to Claus ocalanus populations. Both were apparently
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and Ctenocalanus vanus at five stations in Yaquina Bay
from May, 1969 through September, 1970.
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carried to Oregon with the northerly flowing, warmer, Davidson cur-

rent in the winter, Ctenocalanus vanus was collected in Yaquina Bay

from November through early June, and in Netarts Bay from Decem-

ber through May. Numbers were highest nearest the ocean. The

highest estimated population was 286 animals per cubic meter at the

Baymouth station in Netarts Bay on 1 February, 1970.

Genus Microcalanus, Less than ten individuals of Microcalanus

pusillus were collected from both bays. They were either very rare

or they were not collected because their small size allowed escape-

ment through the nets. Fulton (1968) indicated that they are very

abundant in British Columbia waters and thus I may have been unable

to collect them, although occasional tows with a number 12 mesh

(. 119 mm) did not indicate that they were abundant, No seasonal pic-.

ture can be inferred from these data.

Family 'fernoridae

This is a rather large family composed of three marine genera

and several freshwater or brackish water genera (Brodsky, 1950).

Only one genus, Eurytemora, was found in either bay during this study.

The wide occurrence of Furytemora in the world's estuaries

has been widely reported. Their apparent affinity for brackish water

areas has seemingly led to genetic isolation and there are several

species recognized in the genus. Heron (1964) has defined seven
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species from northwestern North America alone, and several of her

species contain previously recognized species which she chose to

lump together. Unfortunately, the species are difficult to differentiate

and specific names have been changed frequently. Thus, Fulton (1968)

included E. transversalis, E. thompsoni and E. americana under the

name Euryternora americana. Heron (1964) also included E. kieferi

under the name E, americana. Because of these taxonomic difficulties

it is somewhat difficult to attempt to discuss the occurrence of differ-

ent species in estuaries in the northeastern Pacific. Several authors

have, therefore, referred to their animals as Eurytemora sp. (Fro-

lander, 1964; Matson, 1972).

Other investigators prefer to report their animals at the species

level. Haertel and Osterberg (1967) report E. affinis from the Colum-

bia River estuary. Futon reported E, hirundoides and E, pacifica from

the marine zooplankton of British Columbia. T further confuse the

matter, Legare (1957) found that two species were present at the same

time in the Strait of Georgia.

Presently, the name Eurytemora americana is being used for

the animals found in Yaquina Bay (Frolander et ai. , 1971), Because

the animals from Netarts Bay appear very similar taxonomicaily and

exhibit the same seasonal behavior I shall use that name for them,

also.
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Eurytemora americana Williams

Jeffries (1967) included Eurytemora americana and Eurytemora

affinis in his 'true estuarine" category. He defined this category as:

"Propagate only in brackish water: tolerance for reproduc-
tion under natural conditions of interplay between members
of the community is approximately 5-3uo Found in the
open ocean as strays from less saline water.

Yaquina Bay Populations. Frolander (1964) stated that Euryte-

mora is more abundant upstream in Yaquina Bay above the area

dominated by Acartia tonsa. Except for this single statement, which

may reflect an east coast bias, however, no data are presented to

substantiate this point. During this study the main population of F.

americana was found downstream of A. tonsa, mainly at B 15 and B2l

(Figures 17, 18, 32; Table 17). This contradicts the thinking of Fro-

lander and Jeffries and the results of several estuarine plankton

studies from the east coast of North America. The evidence for a

downstream location is very strong, however, because of the large

number of observations contained in Figure 32. A cursory check of

the data from Yaquina Bay plankton collections from 1960-1970

(courtesy of H. F. Frolander) indicates that the focus of the Euryte-

mora population has usually been in the BI 5-21 area. Tows taken on

26 and 30 August, 1971, extending for the Bridge to Elk City (approxi-

mately the head of tidewater) showed that Eurytemora was located in

significant numbers only in the B21 area (Table 16). Bergeron
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(personal communication) in working with the decade of Yaquina Bay

data has also found the same spatial distribution. He hypothesized

that their main population loci may be in the euryhaline sloughs near

and above B15.

Strong population peaks were found in the spring and summer,

with numbers highest in the months of April and May at B2l, Some

of the animals appeared to persist year round, however, and it oc-

curred in 51 of 57 weekly tows at BZJ,

The greatest number of zero points were found at the Bridge,

followed by B39. Thus, the population appears to be confined within

the middle area of the Yaquina estuary.

Netarts Bay Populations. More evidence for the location of

Eurytemora americana downstream from A. tonsa (and in less brack-

ish water) is found in Netarts Bay. Although no indigenous populations

of A. tonsa of any significance appeared during this study, there was

a population of F. americana sustained at the most landward station

in Netarts Bay. Thus, the F, americana population must be more of

a downstream form and can grow in Netarts Bay although A. tonsa

cannot.

The F. americana population appeared at almost the same time

in Netarts Bay as it did in Yaquina Bay, with the highest numbers in

May. They were present in Netarts Bay for a shorter period of time,

however, and were completely absent from the bay through the winter
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and fall months.

How the population suddenly started growing at the same time in

both bays is an interesting question. Moreover, how it was possible

for these surface dwelling (Deleyeannis, 1968), pelagic egg bearing

animals to maintain an indigenous population in the face of a very

large tidal exchange which almost empties the upper Bay area (where

they are most common) is difficult to explain without further investi-

gation.

Family Centropagidae

Centropages abdominalis Sato. There have been some nomen-

clatural problems associated with this animal since McMurrich (1916)

described it as C. hamatus Lilljeborg. According to Brodsky (1950)

the name C. abdominalis Sato is now recognized as having precedence

although the synonymous name C. McMurrichiWilley is still in use.

Centropages abdominalis is a northerly species, It is widely

distributed in the northern Pacific (Brodsky, 1950; Davis, 1949) but

has not been found south of Oregon in the eastern north Pacific

(Fleminger, 1967; Cross, 1964). The northerly distribution appears

to make C. abdominalis a good seasonal indicator in Oregon waters

(Cross and Small, 1967; Cross, 1964), Cross and Small stated that,

'IC. Mcmurrichi demonstrates the intrusia of more northerly surface

waters during the summer months, although Cross (1964) found it to
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be present in all seasonal samples taken five miles offshore from

Astoria,

Cross (1964) also found the animal to be most abundant inshore.

This is in agreement with Brodsky (1950) who described it as a,

flittoral species found in shallow creeks and bays, withstands a cer-

tam freshening of the water,

Along the Oregon coast, however, there is no indication that

C. abdominalis ever invades the estuaries or becomes a dominant

species (Matson, 197; Frolander etal, , 1971; Haertel and Osterberg,

1967). Numbers were significantly higher downstream in both Netarts

and Yaquina Bays. Also, numbers were never very high. It is possi-

ble, therefore, that we are near the southern limit of this species and

it does not do as well here as it does in British Columbia (Fulton,

1968) or the northern Russian seas (Brodsky, 1950) where it becomes

very abundant.

Yaquina Bay Populations. Centropages abdominalis was found

in highest numbers during the summer and early fall, downstream

in Yaquina Bay. It was absent during the late fall and winter months

and first appeared again in April. Cross (1964) also observed that

they first appeared in his April samples off Newport. Numbers were

higher in Yaquina Bay during the first summer,

Netarts Bay Populations. Numbers of C. abdominalis and pen-

ods of abundance at the Baymouth station were very similar to the
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Bridge station in Yaquina Bay. Numbers were highest during the sum-

mer and lowest in the winter. Through the winter, however, there

were less zero points. Perhaps Netarts Bay more closely resembles

the situation Cross found at his station five miles off Astoria.

Family Metridiidae

The only other calanoid copepod of any consequence was Metri-

dea lucens. It is apparently a winter-occurring species and was col-

lected in both bays occasionally during November, December, January

and March. The highest population found was 31 per cubic meter on

15 March at the Bridge in Yaquina Bay.

Family Oithonidae

This family is composed of one common genus, Oithona, al-

though other genera such as Paroithona and Oithonina have been rec-

ognized and included by some taxonomists, The genus Oithona is a

large one, composed of numerous species, many of which make large

contributions to plankton samples. Olson (1949) has done the definitive

work on the genus on the west coast of North America, and recognized

nine species from the waters of Oregon and California alone. Four of

these species may possibly occur in Oregon waters. Two species,

Oithona similis and Oithona spinirostris were found to occur in the

waters of Netarts and Yaquina Bays.



Oithona similis Claus

Oithona similis (= 0. helgolandica), is widely distributed through-

out the oceans of the world. Wilson (1942) found it to be the most

abundant and widely distributed of all of the copepods collected by the

last cruise of the Carnegie. He called it, the most widely distributed

of all the plankton copepods. " Olson (1950) also states that it may be

the most widely distributed and most abundant species of copepod

known.

Because of this wide distribution it has been reported in virtually

every zooplankton study I could find concerned with the Oregon coast.

It has often been reported as an abundant or dominant species (Cross,

1964; Olson, 1950; Lee, 1971; Haertel and Osterberg, 1967; Matson,

1972). In Oregon zooplankton studies where it was not found to be an

abundant species (Hebard, 1966) it was found that large mesh nets

were used which probably allowed total escapement of these small

copepods.

Although Wilson (1942) reported 0. similis to have a wide dis-

tribution, and Cuzon du Best (1963) reported that it is a dominant spe-

cies in the salt marshes of Louisiana, it has often been called a. north-

em (cold water) form. Cross' work (1964) is in agreement with this

hypothesis. He sampled four hydrographic lines along the Oregon

coast from Astoria to Brookings. His lines ran out from the coast to
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a distance of 145 or 165 miles and zooplankton tows were taken sea-

sonally at several stations along these lines, Although sampling was

not always similar in time or quality at the different stations, his data

did indicate that numbers of 0. similis were higher in his northern

two lines. Similarly, Frolander (196), Fulton (1968), and Cameron

(1957) all found it to be a dominant copepod in the waters of British

Columbia and Washington. On the other hand, Esterly (19Z4) did not

report it as a dominant species from San Francisco Bay and Olson

(1950) found it to be rarer in his more southerly tows. Thus, if it is

a cold water species then Oregon may mark the southern limit of its

areas of greatest abundance. Olson (1950) found it was the dominant

cyclopoid only where the temperature at the 100 meter depth was 14°C

or less. Such a temperature preference would allow it to be found

year round in Oregon's oceanic waters.

There is some evidence (Lee, 1971; Cross, 1964) that numbers

may be concentrated inshore or offshore at certain times of the year.

Jeffries (1967) included it in his 'euryhaline and marine category.

Yaquina Bay Populations. Frolander et al. (1971) reported that

0. similis is, more haphazard in its times of abundance and rarity

than any other species considered. They do indicate, however, that

higher abundances occurred in the spring and fall. Cross (1964) re-

ported periods of abundance in the spring and fall on the Newport line.

Matson (1972) and Haertel and Osterberg (1967) found highest numbers
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in the spring and fall, also. During my study periods of highest

abundance occurred during October and from March through June.

Thus, it is apparent that although this animal is widely adapted

to physical conditions it does have seasonal highs and lows in Oregon

waters. Because it is not an indigenous form in estuaries (Jeffries.

1967) it may be assured that numbers will be highest downstream, and

they will reflect the oceanic pattern of succession. This is what

appears to have happened in Yaquina Bay (Figures 36, 37). Seasonal

highs or lows downstream agreed with the oceanic patterns suggested

by Cross (1964). Because the population was apparently carried in

on the tide, and a few individuals are present year round, however,

the bay numbers are highly variable and the pattern is somewhat more

difficult to discern. Over short periods of time apparent succession

probably reflects sampling bias with respect to the tides rather than

actual population changes.

Netarts Bay Populations. The Netarts populations of Oithona

sirnilis behaved very similarly to those in Yaquina Bay (Figure 38).

Numbers were highest both years during SeptemberNovember.

Secondary peaks were found from March through May. Some animals

were present year round with lowest numbers during the summer and

winter. The population was found more oceanward in Netarts Bay

indicating that it was carried in on the tides.
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Oithona spinirostris Claus

The difficulties of distinguishing between Oithona spinirostris

and Oithona plumifera have been discussed by Olson (1950), Frolander

(1962) and Matson (1972). The indication is that 0. plumifera does

not occur north of Point Conception and therefore will not be found in

Oregon plankton tows. Therefore, I have called all of my animals

which fit the 0. spinirostris - 0. plumifera pattern Oithona spiniros-

tris.

Because of the rarity of these animals no seasonal pattern can

be established from the data for either bay.

Family Coryceaeidae

Corycaeus anglicus Lubbock. Some confusion is found in the

literature concerning the name of this animal. Although described by

Lubbock in 1857, it was redescribed as a new species from British

Columbia by McMurrich in 1916. He called it C. affinis. This second

name is still widely used, although Fulton (1968) listed both names as

being synonymous.

Seasonally, this animal is reported to be most abundant during

the winter months in Oregon (Matson, 1972; Frolander etal., 1971;

Haertel and Osterberg, 1967). Further north, however, it has been

found to be abundant, or at least present, during the summer months
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(Legare, 1957; Cameron, 1957; Hebard, 1956). That it would be found

during the winter months off Oregon agrees with the findings of Olson

(1950). He stated that the genus is composed of tropical and sub-

tropical animals. Thus, they are probably carried north by the

Davidson current during the winter.

Yaquina Bay Populations. Numbers of C. anglicus were highest

downstream, although this animal showed some tendency to penetrate

the upper estuary. Numbers were highest during the winter and spring,

although they seem to have occurred earlier in the fall then do some

of the other winter forms. The highest number recorded was 263 per

cubic meter on 28 December, 1969.

Netarts Bay Populations. Numbers of this species were slightly

higher in Netarts Bay during the winter of 1970 than they were for the

same period in Yaquina Bay. The population showed a similar sea-

sonal pattern, however. Animals were rather evenly distributed

throughout the bay.

Holoplankton- - Other

Marine Cladocera

The definitive work on these animals on the west coast was done

by Baker (1938).
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Three species of marine cladocerans were found in both bays

during this study. They were Evadne nordmanni, Podon leukarti and

Podon polyphemoides. These three accounted for 0. 4 and 3. 2% of

all of the animals collected in Yaquina and Netarts Bays, respectively.

All occurred most frequently at the most oceanward stations in both

bays. Seasonally they were most abundant during the summer and

fall. Matson (1972) noted a similar situation in Alsea Bay and called

them 'seasonal animals.

Evadne nordmanni Loven, This cladoceran has a very wide

distribution throughout the temperate oceans of the world. Along the

west coast of North America it has been reported from British Colum-

bia (Fulton, 1968) to California (Baker, 1938). Its presence in Oregon

estuaries has been noted by Matson (1972), Frolander etal. (1971)

and Haertel and Osterberg (1967). They all reported the same sea-

sonal occurrence, i. e. , during the summer and fall.

Evadne nordmanni was found mainly during these periods in

both Yaquina and Netarts Bays. In Yaquina Bay it was found from

mid May through the end of September, although highest numbers were

found in late July, August and September during the second summer.

It occurred in 48 of 286 weekly samples and the greatest number col-

lected was 387 per cubic meter on 18 June, 1970.

In Netarts Bay Evadne nordmanni was found from mid May

through the first week of October. It occurred in 50 of 157 weekly
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samples and highest numbers were found during July-September.

Populations greater than the largest peak in Yaquina Bay (387

per cubic meter) were found several times in t\letarts Bay. Numbers

were always higher nearer the ocean. The largest number collected

was 2356 animals per cubic meter on 2 September, 1970, at high tide.

This large population was apparently carried in from outside the bay

because the number collected at low, mid and high tides, respectively,

at the Baymouth station were 4, 163 and 2.365 animals per cubic meter.

Several authors (Green, 1967; Haertel and Osterberg, 1967)

have indicated that this animal can endure very low salinities. Green

stated that it can survive salinities as low as 1. 3% on the east coast.

Jeffries (1967) included it in his "euryhaline and marine" category.

These studies indicate that E. nordmanni should penetrate well into

estuaries. During this study in Yaquina Bay, however, populations

were highest at the downstream stations and almost no animals were

collected at B29 and B39. Numbers were low at BZ1 throughout this

study and apparently have been for several years (Frolander et al.

1971). Thus, in Oregon, this animal is probably a neritic species

(Legare and McClellan, 1960) and occurs with the salt intrusion

(Haertel and Osterberg, 1967; Matson, 1972). It did not appear to

develop indigenous estuarine populations.
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Podon leukarti Sars. Baker (1938) did not find this animal in

her Monterey Bay samples. It has been reported, hove ver, from the

waters of British Columbia (Fulton, 1969; McMurrich, 1916), Wash-

ington (Hebard, 1956) and Oregon (Matson, 1972; Haertel and Oster-

berg, 1967; Frolander etal. , 1971). P. leukarti has been reported

to have a summer-fall seasonal occurrence by all of the above investi-

gators when their studies extended over several months, Matson

(1972) also noted that some animals were found during the spring.

In Yaquina Bay Podon leukarti was the dominant cladoceran col-

lected, accounting for approximately 70% of all cladocerans. It was

found in 80 of 286 samples, most often downstream. Highest number

recorded was 1804 animals per cubic meter on 29 May, 1968 at B2l.

Numbers were highest in the early summer (June, July) and the fall

(September-October). There were several mid-summer collections

in which it was not found. A similar series of early summer-fall

bimodal peaks is shown for Yaquina Bay by Frolander etal. (1971).

Podon leukarti also seems to be able to penetrate into the upper

estuary, as it was found several times as far up as B39.

In Netarts Bay, Podon leukarti accounted for about 45% of all

cladocerans collected. In this bay the animals appeared later and

lasted longer than in Yaquina Bay. P. leukarti was first found in mid-

June and lasted through the end of November, Numbers were highest

during September and October both years. This later seasonal
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occurrence is quite similar to the one described by Matson (1972) for

Alsea Bay. Highest number was 1550 per cubic meter on 2 September,

1970. As in the case of Evadne nordmanni, Podon leukarti made a

greater contribution to the total of all animals collected in Netarts

Bay than it did in Yaquina Bay.

Podon polyphernoides Leuckart, This species accounted for

less than 10% of the cladocerans collected in each bay. It was also

the rarest of the three types in Alsea Bay (Matson, 1972) and was

not even reported from the Columbia River estuary (Haertel and

Osterberg, 1967).

Jeffries (1967) called the east coast form of this species 'true

estuarine. " On the west coast, however, they appear to be neritic.

Matson (1972) found them most often at his downstream stations. In

Yaquina and Netarts Bays they also most often occurred at the down-

stream stations. In Yaquina Bay no animals were collected above BZl

with the exception of one large collection on 22 October, 1969 (188

animals per cubic meter). On September 2, 1970 in Netarts Bay I

found them in abundances of 7, 110 and 434 P. polyphemoides per

cubic meter at low, mid and high tides, respectively. Thus, it does

not appear that these animals could be called truly estuarine on this

coast.

Podon polyphemoides was found in 5 of 286 samples in Yaquina

Bay and 16 of 157 weekly tows (replicates not included) from Netarts



1 52

Bay. This small number of collections weakens my ability to make

inferences about the location of estuarine populations.

All collections were made during the late summer.

Larvacea and Larval Ascidacea

I have not attempted to break these animals into separate

species. They are a difficult group requiring much study by ex-

perienced students in order to determine species. Discussion of

taxonomic characteristics or general anatomy of the group are con-

tamed in Buckmann (1945) and Bullough (1964). Fulton (1968) provides

a discussion of the species present in the waters of British Columbia.

The genus Oikopleura accounts for most of the members of this

group. Oikopleura species may make a sizeable contribution to bay

zooplankton. Legare (1957) found that they were second in abundance

in the Straits of Georgia behind the copepods. Peterson (1970) has

found them to be abundant in Kaneohe Bay, Hawaii. Matson (1972)

felt that they were abundant enough in Alsea Bay to warrant discussion.

He found them primarily in fall samples.

In both Yaquina and Netarts Bays they were nearly absent dur-

ing the summer. No ccllections of Oikopleura were made in Yaquina

Bay from July through September in both years. In Netarts Bay they

were absent from early June through early August in 1970. Highest

numbers were found in both bays during the fall (October) and spring
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(April, May). To some extent this distribution may be biased as they

were collected most frequently in nets which may have been clogged

with phytoplankton.

They were most common downstream (Table 12) and their con-

tribution to the zooplankton in Netarts Bay was greater than in Yaquina

Bay.

Meroplanktonic Animals

Me roplankton" is used to define those animals which are pelagic

during part of their life cycle. Several marine animals have larval

stages which swim freely during the first few days of their existence.

It is these larval stages which comprise the bulk of the meroplankton.

Their abundance is, in part, related to the occurrence of suitable

habitats for the adults which are usually benthic or attached forms.

Three types of meroplankton, barnacle nauplii and cyprids,

pelecypod veligers, and crab zoea account for the bulk of the mero-

plankton collected during this study. In Yaquina Bay and Netarts Bay

these three categories accounted for 85% and 77%, respectively, of all

meroplankton collected during the period from October 1969 through

September, 1970. These categories will be discussed individually in

the following sections.

Meroplankton accounted for 11. 5% of all animals collected in

Yaquina Bay on an annual basis when numbers were corrected for the
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number of tows at each station. It accounted for 1 5. 7% of all plankton

sampled in Netarts Bay. These means were tested and found not to be

significantly different (t-test: p = . 15). The meroplankton was not

distributed randomly in time or space in either bay. Highest per

centages were found at the most oceanward station in both bays (Table

19). The meroplankton were least common in the months of November,

December and January at all stations. Numbers were higher in both

bays during the second year of sampling

Table 19. Contribution and location of meroplankton with respect to
the zooplankton of Yaquina and Netarts Bays.

Meroplankton as percent Location of meroplankton
of all animals collected as percent of all

at each station meroplankton collected
Yaquina Bay Station

Br. 1Z. 5 34. 3

B15 9.1 14,7

B21 11.0 2.1,5

B29 11.3 17.5

B39 14. 0 12. 0

Netarts Bay Station

Baymouth 18.4 49.6

MidBay 16.4 31,9

Upperbay 12. 3 18. 6
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Barnacle Nauplii and Cyprids

Studies of pelagic, estuarine animals on the west coast of

North America have often reported barnacle larvae as being a signifi

cant component of the animals collected (Haertel and Osterberg, 1967).

Matson (1972), for instance, found that they comprised 11% of the total

animals he collected in Alsea Bay and ranked second in abundance.

Few general plankton studies, however, have broken the cirriped

larvae into separate species. When this has been done (Fish, 1925)

it is apparent that different species have larval peaks at different

times of the year. For this reason, studies in which the species of

cirripeds are not distinguished may not show a very clear picture of

seasonal succession. Thus, they have often been reported to be abun-

dant in at least three seasons of the year (Matson, 1972; Haertel and

Osterberg, 1967). This problem might be expected to be more corn-

plicated as the diversity of adult barnacles species increases.

Several species are present on the Oregon coast.

Barnacle larvae populations often peak during the spring months

(Legare and Mclellan, 1960; McMurrich, 1916) near the ocean and

the peak may progressively move upstream (Cuzon du Rest, 1963).

That they are able to stand some freshening of the water is indicated by

the work of Haertel and Osterberg (1967) who felt they were polyha-

line-euhaline (survive in salinities from l6-40%, and Matson (1972)
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who found them to be most abundant at his upstream stations.

It is possible that barnacle cyprids were not quantitatively

sampled during this study. I observed that the cypris stage is able to

adhere to the inside bottom of a metal cod end of the plankton net. No

amount of washing or agitation releases them and they must be scraped

off with a hard object. This behavior was observed on several occa-

sions in Netarts Bay.

Yaquina Bay Populations. Barnacle nauplii and cyprids were

the dominant form of meroplankton, accounting for 70. 2% of all mero-

plankton collected. The nauplii were more abundant, with the ratio of

nauplii to cyprids (annually) being 15:1. Nauplii were found in 219

of 286 samples. Cyprids were taken in 128 of 286 samples. The

largest number of samples with neither present was found at B39.

At the upstream stations (B29 and B39), nauplius and cypris

numbers were highest from March through October with peaks tending

to occur during the summer months. Almost no animals were present

here during the winter. At the Bridge and B15, succession was less

dramatic. Populations, however, were highest in the spring and fall,

and numbers were low during the summer (June, July) and very low

during the winter (November, December and January).

On the average, when data for all seasons were combined,

overall numbers were highest at the most downstream station. This

may indicate that the population was derived from the rocky headlands
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outside the bay where the adults are so common. Numbers were

higher during the second summer.

Netarts Bay Populations. Barnacle nauplii and cyprids were

also the dominant meroplanktonic form in Netarts Bay, where they

accounted for 42% of all meroplankton collected. Nauplii were found

in 118 of 157 weekly tows (replicate tows not included). Cyprids were

collected in 116 of 157 weekly tows.

Seasonally, numbers were highest in the spring and fall, simi-

lar to the downstream situation in Yaquina Bay. Periods of least

abundance were during November, December and January, Overall

numbers were highest downstream.

When compared with Yaquina Bay, the ratio of nauplii to cyprids

was much lower in Netarts Bay where it was 1. 4:1. It is interesting

that the ratio was approximately 1:1 in Netarts Bay, 3:1 in Alsea Bay

(Matson, 1972) and 15:1 in Yaquina Bay. As the cypris is a later

larval stage than the nauplius, several factors may be responsible for

the different ratios. Among these are differences in water tempera-'

ture or salinity, natural mortality or predation differences or pollu'-

tion differences between the bays. The first two probably do not have

a strong effect, however, as indicated by comparisons with the toler-

ance limits discussed by Bhatnager and Crisp (1965) and Patel and

Crisp (1960). I have no reason to suspect that predation or natural

mortality differ between the bays. Thus, it is possible that the more
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pristine Netarts and Alsea Bays provide a more suitable environment

for the complete larval development of these animals if all other fac-

tors do not differ between the bays.

Crab Zoea and Megalopa

Crab larvae have been somewhat ignored in zooplankton studies

on the west coast of North America. They were not discussed by

Haertel and Osterberg (1967), Legare (1957), Frolander etal. (1971)

or McMurrich (1916). Matson (1972) did not discuss them individually

but his Table 17 indicates that they were present in a great number of

his samples. He shows highest abundances in the spring and summer

and lowest numbers in the winter.

Several recent studies on larval crabs (Gonor, 1971; Boolootian

et al. , 1959; Poole, 1966) have ignored the seasonal aspects of their

occurrence in the plankton. The last two authors mentioned the pau-

city of information available on larval crabs. All of this indicates

that there is much to be learned about the seasonal occurrence and

abundance of crab larvae. At present a study of this problem is being

carried out by R. Gregory Lough and Jefferson J. Gonor of the De-

partment of Oceanography at Oregon State University. I have not

attempted to identify my specimens other than to call them zoea or

megalopa.
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In Yaquina Bay they were found most commonly during the early

spring and summer. Numbers were lowest during the late fall and

winter. They were found in 95 of 117 weekly samples taken at the

Bridge and B15 where they were most common.

In Netarts Bay the zoea stages were most abundant during the

months of March and April, and July through October, During the

late and early summer, when many of the adults were molting, fewer

larvae were found, They were almost absent. during the months of

December, January and February. I found them in 82 of 105 weekly

tows (replicate tows not included) at the Baymouth and Mid Bay sta-

tions where they were most abundant.

Adult crabs are able to move in and out of estuaries quite easily.

They are also found abundantly on the shelf areas of the coast down to

several hundred feet of water. Thus, the greatest percentage of their

larvae might be expected to be found downstream and in the neritic

zones. This situation was seen in Yaquina Bay. In Netarts Bay

(Table 12), however, the greatest percentage was found at the Mid Bay

station. It is interesting to note that my tows were taken in the area

which sees the heaviest crabbing in the bay. Apparently the adult

crabs tend to congregate here as evidenced by the heavy fishing done

for them at this station. Even with the very high tidal prism and

short flushing times the larvae are apparently able to maintain them-

selves at this location, That they can stay for long periods of time
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was shown by the large percentage of megalopa (an advanced larval

stage) collected here, Very few megalopa were collected at any other

station during this study.

Porcellanid crab zoea were distinguished from other zoea. In

Netarts Bay they accounted for more than 1% of all animals collected

twice. These occasions were almost exactly one year apart, on 2.

November, 1969 and 9 November, 1970.

Pelecypod Veligers

Several species of bivalve molluscs were present in both bays.

Netarts Bay is credited with having one of the most diverse shellfish

faunas on the Oregon coast. Because mud flats of estuaries and la-

goons are ideal habitats for very dense, adult, bivalve populations

their larvae were often very abundant.

The larvae are difficult to distinguish to species. For this rea-

son they were lumped together during this study.

Pelecypod larvae were much more common downstream in both

bays (Table 12.). This is to be expected in Yaquina Bay because the

greatest area of mud flats are in the downstream locations. In Ne-

tarts Bay, however, there are great expanses of mud flats containing

dense bivalve populations in the upper bay, also.

It was surprising to find that the greatest concentrations of

larvae are nearest to the ocean here, also. I expected a more random
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occurrence.

Seasonally the larvae were found almost year round in both bays.

No late or early summer populations as described by Loosanoff (1963)

on the east coast occurred in either bay.

Variations in Total Numbers

Time variations in the total numbers of all animals collected in

both bays are shown in Figures 41, 42, 43, and 44, To some extent

these curves are dominated by the population changes in Acartia clausi,

the most abundant species.

Certain trends are apparent. In Yaquina Bay numbers were high-

est at the farthest upstream and downstream stations (Bridge and B39)

during the late spring, summer, and early fall; but numbers at these

two stations were low during the late fall, winter, and early spring.

The periods of low density probably result from the effect of flushing

at B39 and the lack of food in ocean waters at the Bridge.

At the middle station (BZ1) highest densities were found during

the early winter and early spring. Numbers at B29 and B15 appeared

to be transitional between the succession of peaks seen at B21 and the

farthest upstream and downstream stations. Because these curves

were dominated by one copepod, I believe that the discussion of the

succession of populations of Acartia clausi is appropriate to explain

the shape of these curves. Perhaps the main point is that within



16z

Yaquina Bay the numerical abundances at different stations were not

similar.

In Netarts Bay the curves were quite similar at different stations.

Periods of abundance tended to occur at the same time, Also, there

were no late spring or early summer blooms. (A discussion of this

lack of spring highs is in the Acartia clausi section. ) Numbers were

uniformly low in the winter.

Another peak in Netarts Bay should be noted, During February

and March when holoplankton numbers were low, there was a rise in

the total numbers of zooplankton. This rise, although relatively small,

amounted to a factor of 3. 5 times that of the animal levels found in

January and early February (January through early February average

= 680 animals per cubic meter; late February through March average

= Z430 animals per cubic meter). The change was due primarily to

the appearance of meroplanktonic larval forms such as Upogebia

pugettensis larvae and, to a lesser extent, to Oikopleura and to

Calanus finmarchicus copepodites. This early increase in zooplankton

abundance may be important in terms of food availability for young

chum salmon which go to sea at this time.
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Figure 41. Density of all animals collected at five stations in
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Contribution and Rank of the Most Abundant Species

A comparison of the most abundant zooplankton categories co1

lected during this study is contained in Table 20, Only data from the

overlapping year of October, 1969 September, 1970 were used. The

data of Matson (1972) for Alsea Bay have been reworked to fit into the

format of Table 21 and are included in it, Rank was determined by

calculating the contribution which each species made (as percent of

all animals collected) to the total number of all animals collected

from each bay. Animals which made a greater contribution had a

higher ranking.

Several trends are evident. As discussed previously, there

seems to have been no indigenous populations of Acartia clausi and

Acartia tonsa in Netarts Bay. The small indigenous populations of

Eurytemora americana in Netarts Bay apparently never became as

abundant as in estuaries with a longer flushing time. Thus, those

species which can have indigenous populations contributed more to

the total community in Yaquina Bay than they did in Netarts Bay. In

Yaquina Bay, Acartia tonsa ranked fourth and Eurytemora americana

ranked eighth. In Netarts Bay these two species ranked eleventh and

sixteenth, respectively. Also, Acartia clausi made a smaller contri-

bution to the total community in Netarts Bay than it did in Yaquina Bay.



Table 20. Comparison of the relative importance of the dominant species in Yaquina and Netarts
Bays.

Yaquina Bay Netarts Bay Alsea Bay
% of all % of all % of all

Species animals Rank animals Rank animals Bank

Acartia clausi 63. 1 1 46, 1 1 39.9 1

Pseudocalanus minutus 8. 4 2 6. 0 3. 5 8. 1 3

Barnacle nauplii and cyprids 8. 2 3 6.8 2 15. 1 2

Acartia tonsa 7. 5 4 1,8 11 0.5 13

Oithona similis 2. 3 5 4. 5 6 3. 4 6

Paracalanus parvus 1. 6 6 6. 0 3. 5 2. 0 9
Acartia longiremis 1. 5 7 4. 6 5 5. 2 4
Eurytemora americana 1. 0 8 0. 7 16 2.7 7

Pelecypod veligers 0. 9 9 3. 5 7 4. 3 5

Crab zoea 0. 6 10 1. 9 10 0, 2 16

Centropages abdominalis 0. 5 11 1. 0 12 1.2 11

Larvacea and larval ascidacea 0. 4 12, 5 2. 0 9 2. 7 7

Calanus finmarchicus 0. 4 12, 5 0. 8 14 0. 6 12

Corycaeus anglicus 0. 3 14. 5 1. 0 12 0. 5 13

Marine Cladocera 0.3 14, 5 3.2 8 1. 7 10

Ctenocalanus vanus and Clausocalanus sp. 0.2 16 0.8 14 0. 4 15

Numbers are percent of all animals collected during the period from October, 1969 through
September, 1970.
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In this respect Netarts Bay was more like Alsea Bay than it was

like Yaquina Bay. It is possible that because of the longer flushing

time in Yaquina Bay there were indigenous populations which are not

present in the more rapidly flushing bays such as Netarts and Alsea

Bays.

Another difference between the bays is the greater contribution

of larval forms to Netarts Bay. The meroplankton categories ranked

higher and made up a greater percent of the total community in Netarts

Bay than they did in Yaquina Bay (Table 20). Alsea Bay had values of

rank which more closely resembled Netarts Bay. It is possible that

pollution may have had an effect.

Correlation of Indigenous Populations with Flushing and Exchange

Ketchum (1954) has discussed the relationship between indigenous

estuarine populations and tidal exchange. On the Oregon coast there

are three holoplanktonic species which appear to have the most dom-

inant summer indigenous populations. These are: Eurytemora sp. and

the small races of Acartia tonsa and Acartia clausi.

Eurytemora was the most downstream of the three species in

Yaquina Bay. It was also found in the Columbia estuary (Haertel and

Osterberg, 1967), the Alsea estuary (Matson, 1972), and Netarts Bay.

That is was found in Netarts Bay indicates that it can maintain its

population in the face of almost overwhelming tidal exchange.
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The small (in body size) populations of Acartia tonsa and Acartia

clausi were found further up in the Yaquina estuary than were the more

oceanic forms of these two species. In the other bays which had a

more rapid flushing time (Table 6) the small body forms did not occur

in any abundance, if at all. This indicates to me that for the indigen-

ous, small body races, population growth in bays other than Yaquina

Bay was never able to overcome advective losses when flushing was

large and the waters were warm for only a short period of time.

Thus, it is possible that the presence of these races of Acartia

tonsa or Acartia clausi might be used as an indicator of flushing times

in coastal estuaries. Acartia tonsa would be the better indicator be-

cause it does not appear to have any bloom of large bodied downstream

animals which might be confused with the smaller upstream animals.

Several papers have been published dealing with the problem of

maintenance of pelagic populations in estuaries (Ketchem, 1954; Bar-

low, 1955; Riley, 1967). It is apparent that a combination of behavior,

reproductive rates, vertical distribution and physical factors play a

role. The importance of physical factors such as movement of the salt

wedge and eddies have been well researched. The importance of purely

behavioral aspects of the problem are more difficult to explore and

have been less well studied. That purely behavioral characteristics

of a population may be the determining factor in the location of the

population has been found for mysids by Clutter (1967). Thus, it is
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possible that Eurytemora sp. might be able to do more than float

passively at the mercy of the currents, If this is true then we must

re-evaluate our thinking when discussing the movements of their

populations.
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DISCUSSION AND CONCLUSiONS

A Comparison of Yaquina Bay and Netarts Ba
Zooplankton Populations

Yaquina Bay is a tidal estuary During certain seasons its

waters are greatly diluted by river flow. At the head (easternmost)

end of the bay the amount of dilution observed was apparently con-

troiled by weather patterns. During this study rainfall was fgNest

during the months of December, January and February ( Table ).

Because of this seasonally heavy rainfall, riverflow and runoff were

high during the winter and spring, Consequently, both surface and

bottom salinities were low at Buoys 29 and 39 until the summer

months (Figure 7). Near the mouth of the bay (westernmost end)

salinity was less affected by rainfall during the winter because there

was greater mixing with more saline ocean water in this area.

Although surface salinity at the mouth was occasionally quite low,

bottom salinities were never lower than 25%o, During the summer,

when little rain fell, salinity values were high at all stations although

there was still an upstream gradient toward lower saUni ties Table 17).

Netarts Bay is an arm of the ocean located approximately 60

miles north of Yaquina Bay. Unlike Yaquina Bay, which was formed

from a drowned river valley, Netarts Bay has been formed behind a

sand spit which extends north from Cape Lookout. It is not an
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estuary because it receives almost no river flow. Because of this

low freshwater input the salinities observed in Netarts Bay were

less affected by rainfall. Even during periods of highest rainfafl

salinities of Less than 25%o were rare anywhere in the bay except for

the upper few centimeters of the surface. Tidal mixing in Netarts Bay

was very high and there was not a well defined salinity gradient

from the mouth (northernmost end) to the head (southernmost end)

of the bay.

The freshwater flow into Yaquina Bay leads to the exclusion

of stenohaline oceanic animals from the head end of the bay. Thus,

species diversity decreased as more brackish water was encountered

moving up the bay. Finally, in the area around and above B39, the

farthest upstream sampling point, only two species, Acartia clausi

and Acartia tonsa predominated.

These two species were found in very high numbers during the

summer but were absent at B39 during the winter. This same situa-

tion has occurred every year since the Yaquina Bay study began in

1961 (Frolander, personal communication). The populations were

probably renewed each summer from more downstream animals,

As the waters warmed the upstream animals decreased in size rela-

tive to the downstream animals. The populations containing the larger

and smaller animals did not seem to mix significantly, and a bimodal

size distribution of the animals developed within the bay. Possibly
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smaller genotypes were selected for upstream.

Small bodied Acartia clausi and Acartia tonsa co-occurred to

Toledo. Above this A. clausi was found in decreasingly smaller

numbers to an area about four miles below Elk City. Further land-

ward they were quite rare. Acartia tonsa was almost completely

absent above Toledo.

On the east coast of North America Acartia tonsa replaces

Acartia clausi as water temperatures increase and salinities decrease.

Food also may be a factor. In Yaquina Bay this did not happen. It

might be hypothesized that, in effect, the larger, oceanic (down-

stream) form of A. clausi was replaced upstream byA. tonsa under

summer conditions. Unlike the east coast, however, there was

apparently a second genotypic race of A. clausi present in Yaquina

Bay. This second type competed quite well with A. tons a and was

not replaced by A. tonsa in the classical succession described from

the east coast.

Netarts Bay did not have populations similar to either of these.

This was probably because of its high flushing rate and the lack of

proper physical conditions. Even the most landward temperatures

and salinities were probably mixed with oceanic water each day, as

the bay almost completely empties and refills on a large tidal cycle.

Thus, higher summer temperatures and lower salinities upstream

did not occur here.
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Interestingly enough, however, in spite of this high tidal

exchange there does appear to have been an indigenous population

of Eurytemora americana during the late spring in Netarts Bay.

The population did not seem to do as well as in other bays on the

coast. That it could maintain itself at all in the face of such gre.t

tidal exchange is quite extraordinary.

E. americana populations appeared to be indigenous to Yaquina

Bay also. They were found downstream of Acartia clausi and

Acartia tonsa and seemed to prefer more oceanic water. I hypothe-

size that this oceanic preference allows them to develop in other

bays along the coast where the Acartia species do not occur as

indigenous populations.

The freshwater influence and smaller tidal exchange in Yaquina

Bay, then, apparently allowed the establishment of large indigenous

populations. Different food types also might have had an effect,

Because of this, animals in Yaquina Bay were not as uniformly

distributed as they were in Netarts Bay. The indigenous animals

ranked higher in abundance and made a greater contribution to

Yaquina Bay zooplankton communities.

The bays are approximately 60 miles apart. Because of the

patchy distribution of biological communities, samples from these

two bays were not always similar. Thus, although phytoplankton

blooms clogged nets for as long as two weeks in Netarts Bay, such
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blooms were not found during the same period in Yaquina Bay. Simi-

larly, Velella velelia was found in Netarts Bay surface waters for

almost a month during the spring of 1970. No. V. velella were

reported to me or seen in my collections from Yaquina Bay during

this period.

Pollution levels and dredging in Yaquina Bay are greater in

Yaquina Bay than in Netarts Bay. This may possibly explain in part

the smaller numbers of meroplankton in Yaquina Bay, because the

benthic and attached animals bear the brunt of pollution effects. If

the adults cannot survive due to pollution their larvae will be less

abundant. That pollution is the causative factor here is only tenta-

tively hypothesized. There are several other factors, each of which

could be very important, which would have to be eliminated before

pollution or dredging could be blamed.

There was no evidence of a spring or early summer bloom of

Acartiaclausi in Netarts Bay. They also did not bloom in the other

well flushed bays which have been studied on the Oregon coast. In

Yaquina Bay, however, there was a large spring bloom of A. clausi

downstream. This has repeated itself for several years. It is pos

sible that this downstream bloom was started from animals which

overwinter in the bay. Because Yaquina Bay was not as completely

flushed as rapidly during the winter as the othr bays were, and

possibly because it had an apparent second race of A. clausi the seed
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of the spring bloom was maintained in the bayS This bloom occurred

earliest at Bl and then split and passed upstream and downstream.

As winter approached, the population became most abundant again

in the area around Bl. When physical conditions like this do not

exist in other bays, or perhaps where the second genotype is not

present, the bloom would not occur until later in the year.

In spite of these differences there are also similarities between

Yaquina and Netarts Bays. Both had similar species present. With

the exception of the indigenous populations of Acartia clausi, Acartia

tonsa and Eurytemora americana, most of the species categories

made about the same contribution to each bay. Acartia clausi was

by far the most abundant animal in both bays although its contribution

was greater to Yaquina Bay. Oithona similis, Pseudocalanus

minutus, Paracalanus parvus, Acartia longiremis and barnacle

larvae made a contribution of greater than one percent of all animals

collected in both bays.

Overall numbers were highest in both bays during the warmer

months. During the winter diversity increased in both bays and new

species, probably indicators of warmer waters from the south were

collected,
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Seasonal Indicator Species

Matson (1972), Frolanderetal. (1971) and Cross (1964) have

found several species of copepods and ciadocera which are indicative

of seasonal changes in the physical characteristics of the water off

Oregon. The results of my study in both bays are very sirnUar to

their findings. Statistical tests indicate that the differences between

seasons were significant.

To a great extent the species can be divided into two groups:

those which are present during the warmer months (late spring,

summer, and early fall) and those which are present during the

colder months (late fall, winter, and early spring). Warmer and

colder here refers to atmospheric temperature. The first category

also includes those animals which are present year round but have

their highest population levels during the summer period.

The dominant species of the warmer season group include the

copepods, Acartia clausi, Acartia tonsa, Acartia longiremis,

Pseudocalanus minutus forma gracilis, Eurytemora americana,

Centropages abdominalis, and the cladocerans Evadne nordmanni,

Podon leukarti, Podon pçdyphemoides, and, possibly, Oithona similis

(Figure 45). The species of the colder season group include the

copepods Acartia danae, all species of Clausocalanus, Ctenocaianus

vanus, Metridea lucens, Corycaeus anglicus and, possibly,
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Paracalanus parvus (Figure 46).

Species such as Calanus finmarchicus were not sampled consis-

tently enough to show a strong trend.

The correlation between the occurrence of these species and

season appears to be quite good (Frolander etal., 1971). This

correlation, however, is a reflection of the occurrence of an adequate

physical environment which can maintain the different populations.

When the timing of physical events differs from that which is normally

seen the appearance of indicator species may also change.

The spring of 1969 was apparently an anomalous year with

upwelling starting later than usual. Evidence for the later upwelling

was found in the water temperature data. Wind data indicated that the

cause for the later upwelling may have been the lack of a strong

northerly wind velocity during May and early June (Figures 4 and 5).

Zooplankton species collected during this spring 1969 period

in Yaquina Bay did not exactly conform to patterns seen from previous

samples taken in the bay (Frolanderetal., 1971). Certain species of

the colder season group were found later in the summer than usual.

This effect was seen most dramatically in the Paracalanus parvus

data shown by Frolander et al. (See Figure 11 in their report.)

This animal had shown a strong negative correlation with the warmer

months for several years. During 1969, however, adults of this

species were collected throughout the early summer in lower

Yaquina Bay. In 1970 the occurrence of P. parvus returned to

what might be called normal and summer collections were not made.
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