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ABSTRACT

A group of fourteen students, from Oregon State

and Portland State Universities, conducted an

interdisciplinary survey of Netarts Bay, Oregon

from June to September 1975. This study included
a survey of the faunal characteristics of the

benthos, a quantification and evaluation of eel-
grass beds, an analysis of sediments, an evalua-
tion of the chemical nature of the sea water,

surveys of the distribution and abundance of

major fin fish, an evaluation of the wildlife

(avian, mammal, reptilian, amphibian), a quantifi-
cation of human activities within the estuary and

watershed, and a survey of human attitudes con-

cerning the conservation and development of
Netarts Bay.

A civil survey of the bay was first conducted
in order to locate sampling stations. A series of

control posts were set on exact east-west lines
every 2,000 feet, as one moves north along the

west side of the bay. Their precise position,
relative to a statewide plane co-ordinate system,

was established based on two existing US Coast

and Geodetic triangulation discs; a closure of

better than 1 part in 4,000 was obtained. This

precision will allow future investigators to

easily reproduce the stations for comparative

studies in future years.

A quantitative survey of benthic invertebrates

was conducted at 86 stations representing all sub-

strate types within the bay. Ninety species of
invertebrates were identified. Distribution charts

of some "key" species show definite affinities by
these species for various parts of the bay.

Analysis of community structure based on species
counts was made using principle components and

algorithmic clustering. The latter statistical

procedure proved best in explaining the variability

in species counts when employed with the 20 most

abundant species. Seven distinct community clus-

ters were attributable to physical and biological

conditions within the bay.

Eelgrass (Zostera marina L.) was found to have
a standing stock in deep water plants of 466 g/n1

with an average of 1056 turions/m 2 . Shallow water

plants showed a mean value of 288 g/m2 with 671
turions/m4 . Productivity measurements showed

differences in productivity of the plants on
cloudy days at 1.5.g dry weight/m2 per day and

1.08g dry weight/m2 per day on sunny days. Total

crop during the 1975 growing season was calculated

to be 1,026,734 kg. Eelgrass beds in Netarts Bay
were mapped. Deep water beds accounted for 52

percent of the beds with 175 hectares. Shallow

water eelgrass accounted for 48 % 	 of eel-
grass beds with 161 hectares. Macro-algae among

the eelgrass was collected and twenty-one species
identified. Salt marsh communities were identi-

fied. General watershed community composition
was noted.

The surface sediments of Netarts Bay, at the

time of the study, were composed of very fine
sands and silts at the head and along the eastern

margin, fine sands on the central tide flats, in
the channels, and along the southwestern margin,

and medium sands at the mouth. The sands were

generally derived from the beaches adjacent to

Netarts Bay while the silts were a function of a

low energy environment and were similar to the
sediments of the watershed. Four sediment

facies were seen in Netarts Bay. The mouth and
the northern part of the main channel represent
a consistent, high energy environment charac-

terized by very well sorted sand. Fine-grained
sands were found in the main tidal channel, and

over much of the tidal flats, essentially over

approximately 70 % 	 of the bay. Very fine-

grained sand and silt was confined to the head

of the bay and the eastern shore due to low
current velocities which allowed the fines to

settle out. Very fine-grained sands and silts
were prevented from settling on the main sand

flats, except where dense stands of eelgrass
were present, by the moderately high-energy tidal

currents that flow over these surfaces. Eelgrass

stands trap finer sediments in areas where

coarser sands physically predominate.

Carbonate, as calcium carbonate, seemed to be an

unimportant feature of the sediments, although it

was concentrated in areas of high clam densities.

The organic carbon content of the sediments re-

flected the proximity of biological production

and the energy of the environment. Organic car-

bon had an inverse relationship to sediment size.

A comprehensive study of the tidal hydraulics

and flushing characteristics of Netarts Bay was
carried out by Glanzman et al. (1971). In this

study, the tidal hydraulics including elevations,
times, currents are examined in conjunction with

bottom drifter studies which indicated that

transport is out of the bay near the mouth and
in equilibrium at the southern end of the bay.

The presence of waves, both offshore and within

Netarts Bay is reviewed and data concerning the

climate of and run-off into Netarts Bay is also

discussed.

In a survey of the ichthyofauna, eighteen

sampling stations were established to reflect

differences in substrate type, vegetation and

salinity. Over 10,000 fishes representing 49

species in 19 families were collected. The 10

most numerous species in order of decreasing

abundances were: threespine stickleback

(Gasterosteus aculeatus), Pacific staghorn sculpin

(Leptocottus aTTiFErs17Inglish sole (Parophrys 

vetulus), shiner perch (Cymatogaster aggreqata),

ke p greenling (Hexagrammos decagrammus), tide-
pool sculpin (Oligocottus maculosus), bay pipe-

fish (Syngnathus griseolineatus), surf smelt

(Hypomesus pretiosus), Pacific sandlance (Allimody-
tes hexapterus), and saddleback gunnel (Pho is 

ornata). These 10 species accounted for over 90
percent of the total catch. The freshwater
habitat contained Pacific lamprey (Entosphenus 
tridentata), western brook lamprey (Lampetra 

richardsoni), cutthroat trout (Salmo clarki),
coastrange sculpin (Cottus aleuticus), prickly

sculpin (C. asper), and the riffle sculpin (C.
gulosus). Whiskey Creek, the major stream

entering the Bay, harbors a run of chum salmon

(Oncorhynchus keta) though none were collected
during this study. Although the species diversity



was relatively high, the five most abundant species
accounted for more than 82% of the total catch.

Bird censuses were made on five sites repre-
senting some of the major habitats in the Netarts

Bay area. Mean summer densities, and standing
crop, were calculated from complete censuses of
the bay, and density and biomass estimates were

made from line transects for four sites in the

watershed. Comparisons of density and biomass
estimates are made, and some human activities

affecting the estimates are discussed. The bay's

high productivity attracts large numbers of birds

that feed, loaf, and take refuge from storms. A

selectively logged area in the watershed had

nearly as many birds as a clearcut area, but had
fewer detrimental effects on the environment by

reducing soil erosion and maintaining soil
moisture.

A survey of the mammals, reptiles, and amphi-

bians yielded information concerning the distribu-

tion and relative abundance of species within

seven identified habitat types. A total of 34

speices of these were found to inhabit the study
area. The three most widely distributed species

were the vagrant shrew (Sorex vagrans), the
black-tailed deer (Odocoir 	 hemionus columbianus 
and the deer mouse (PeromyscusTrWiTiTatus). The

deer mouse comprised over 50% of total numbers of

animals trapped, and it occurred in greatest

abundance in the two forested habitat types. The
greatest number of species were encountered in

riparian alder habitat. Disturbed mature conifer
habitat yielded the highest trapping results, with
38% of the small animals captured there. Agricul-

tural and salt marsh habitats contributed the

lowest number of trapped animals.

The statistical analysis for mammals and birds
included analyses of variance to compare different
sampling transects. Estimates of total standing

stock using statistical random sampling were made
for the eelgrass. By far the most elaborate

analysis was made on the data for the benthic in-

vertebrates. In order to locate communities of

benthic invertebrates, to determine spatial distri-

butions of individual species, and to assess the
effect of environmental factors on distribution

patterns, techniques such as principal component

analysis, canonical discriminate analysis, geo-
metric-hierarchical clustering, fitting of distri-

butions to individual species counts, correlation

analysis, and multiple regression were employed.

The natural resources of Netarts Bay and its

watershed have been utilized by man both histori-
cally and currently. This history of man's

activities shows a progression of change in the
level of activity. In effect, the magnitude of

the Netarts Bay resource base has provided the
impetus for the level of human use. The earliest
impacts were felt along the shoreline and tidal
flat areas where the bay and marsh were accessi-

ble. Human utilization within the bay does not,

at present, appear to be creating a condition of
resource degradation that could threaten the

total Netarts System. Logging in the watershed

is possibly the most serious human activity
occurring because of its potential short-term
effects on the biota of Netarts Bay. Current
recreational and permanent housing threaten the

marsh and inlet areas along the east shore.

Historic logging and burning in the watershed has

contributed to the bay sediments. However, this
process seems to have intensified since the 1940's

when clearcutting and road building were initiated.

Reforestation is preceeding very slowly, although

adequate soil holding ground cover seems to
stabilize clearcut areas within several years of

the cutting.

The main recreational activities are crabbing,

picnicking, and clamming, with no difference in

usage levels observed between residents and non-
residents.

The remarkable similarity seen between residents

and non-residents concerning attitudes toward con-

servation and development pertaining to tourism

was quite unexpected. Among the five projects sug-
gested for Netarts Bay, such as new docks and

marinas, the percentages in favor were virtually
identical on four of the five between the two

groups. Among the four questions asking whether

or not Netarts Bay had a particular problem, such
as depletion of crabs and clams by users, res-

ponses were similar on three. On only three of the

thirteen attitude questions did the two groups dis-

agree, with a greater percentage of Tillamook resi-

dents favoring a decrease in state government con-

trol over local commercial development being the
main difference.

In general, the results also suggest a general
concern for conservation of natural resources and

a concern and ambivalence toward further commer-

cial development. Within the county, 20% favored

a decrease in bag limits for crabs and clams to

3% for an increase, while 72% opposed construction
of a condominium to only 16% in favor.

The question on whether or not Netarts Bay
should be made a marine sanctuary typifies the re-

sults. In both groups, 57% favored the idea, re-
flecting the similarity in the conservative atti-

tudes of residents and non-residents.

The collection, analysis, and synthesis of this

information provides a comprehensive planning

base for the conservation and development of
Netarts Bay, Oregon. Future planning of the study
area should recognize the ecological principles

A human attitudes questionnaire was mailed to

963 households representing two groups: (1) per-

manent residents of the immediate county (Tilla-

mook), and (2) those owning or renting a second
residence in the county but living elsewhere most

of the year. The questionnaire was designed to
provide information on two questions: (1) what

is the current level and type of recreational use
of Netarts Bay?, and (2) do residents of the sur-

rounding county differ from residents of inland

counties of Oregon in their attitudes toward

government regulation of commercial development,

and, in particular, towards projects which would
increase tourism? Overall, 61% responded to

either the first or second mailing, suggesting a

high reliability for the results. The high esti-

mated percentage of retired persons in the

,	 county (35%) suggest that caution be exercised in
generalizing the results to other areas.



inherent in the leindicepe and resource base in
order to protest the recreational and biotic
value of the Netarts area.
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INTRODUCTION

Netarts Bay, Oregon is a beautiful and rela-

tively undisturbed estuary located 60 miles south

of the Columbia River on the Coast of Oregon

(Fig. 1). It is of moderate size with 2300 acres
of area and is fed into by no major rivers, but
12 small creeks drain a watershed of 16 square

miles. The small watershed area as well as its
relatively pristine state led the study group to

believe that with a concerted effort for the

duration of three months during the summer of
1975, it would be possible to establish a mean-

ingful baseline of data concerning many of the

facets of the biology and environment of the
estuary.

Baseline studies of Oregon estuaries have be-

come important in recent years since the founding

of the Land Conservation and Development Commis-

sion and its requirements for a comprehensive

plan for development and conservation in the

State of Oregon. The study of the remaining

relatively undisturbed estuaries of the state is
of vital importance not only because of the rapid

move toward development of the estuarine areas

of the state, but also because there are so few

of these areas despite-the long coast line of the

state. The study group felt that this study would

aid the people who must make decisions concerning

these areas to do so in a well informed framework
of the biological, physical and human require-
ments of the area.

It is important to understand, as far as is
practicable, the interrelated workings of the

system at Netarts Bay. In order to do this, geo-

logic, physical, biological, and human factors
must be considered.

The bay (Fig. 2) is a re-entrant in the coast-

line of Oregon. The depression which the estuary

now occupies was formed as a consequence of the

differential erosion of the soft sedimentary rock

(the Astoria Formation) between the basalt head-

lands of Cape Meares and Cape Lookout during the

Late Tertiary. According to Cooper (1958) the

bay may have been a fresh water lake with no

permanent outlet or an outlet at the southern

end. The sand spit is a remnant of three once
massive sand dunes which have eroded as a conse-
quence of sea level elevation after the last

period of glaciation (approximately 5,000 years
before present). The present tidal channel

occurred late in the estuary's history after the

establishment of the dune complex and (according
to Cooper) may have been caused by a severe

storm or series of storms. The southern end of

the spit was breached after several storms in
1939 and resulted in a barrier beach for a short
period of time.

Storms and the physical processes which have

shaped the bay in previous years continue to

determine the nature of the bay today. Littoral
drift affects the sand spit with alternate ero-

sion and deposition of sand. Aolean forces erode
loose sand which is not stabilized by vegetation

and often deposit on marsh or tideflat causing
an accretion in the area of sandy marsh. Water

and its currents are also important in shaping

the bay. With the winter rains, loose soil is

suspended and carried by the creeks into the bay -
some is flushed out with the outgoing tide, but a

large proportion settles out and adds to the
tideflats of the bay. This has been a factor in

the changing face of the bay as in the last 12
years, the water holding capacity has decreased

10%. Water currents and the scouring action

brought about by them are a large determinant in

bay morphology. They determine how much sediment
is carried to sea, the shape and extent of tide-

lands, and the distribution of plants and animals

which grow in the tidelands habitats.

These and other processes are those that ini-

tially determine the nature of the plant and

animal populations which inhabit the area, but

the processes are also themselves affected and
modified by the very plants and animals which they

initially determined could live in the area.

An example is the interaction of eelgrass with
water currents and sedimentation processes. It

is not only the interaction of the biological
factors with the physical processes, but environ-

mental factors such as salinity, water tempera-

ture, light absorption (turbidity) and others

along with them that combine to form an area of
diverse and highly productive habitats such as is

found at Netarts Bay.

An important feature of the estuarine nature of

Netarts Bay is the high productivity which is

found there. Marsh plants such as Salicornia,
Carex and Deschampsia, tideland plant examples of

T 	 are 2ostera and Chaetomorpha and water
column producers which include algae and diatoms
produce many tons of fixed carbon yearly. It is
not immediately obvious, however, that Netarts
Bay is a highly productive system because the

standing stock of plants is relatively low. This

is brought about by the heavy grazing of the

system by animals from the size of zooplankton to

Black Brandt and Harbor Seals. Large numbers of

birds, clams, and many other animals are depen-

dent on this production of the wetlands. Depen-

dent also are several species of commercially

important fishes. English sole and flounder

utilize the bay as a nursery grounds. Mainten-
ance of adult populations of these fish is
therefore intimately tied to the continued health
of the productive wetlands.

Of recent concern has been the extent of impact

of human activities on the Netarts system as a

whole. Human activity has been a part of the

system for many years. Indians used the bay as a

source of food as is evidenced by several shell
mounds on the sand spit. Tourism from early

times has also been important. Netarts Bay has

long been a place where people come for recreation
because of its beauty and quiet as well as for its

opportunities to clam, fish, and crab. These very

traits now are being threatened. Every year more
people use the available resources. It is this

stress of increased population on the Bay which
threatens to destroy or degrade the very qualities
which initially attracted people to the Bay.
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The impact of tourism, as well as of develop-

ment and logging in the watershed, must be con-

sidered carefully. These activities should not

be considered as alien or unnatural to the
Netarts Bay system as a whole, but should be

carefully balanced and their effects closely

considered. Humans and their actions cannot be

divorced from the natural systems upon which they
are inevitably dependent. In future years, if it

is not possible to depend on fish from the sea,

or trees from the hills, or clams from the tide-

flats, it will be because the short term way of
profit and "progress" was chosen rather than the

careful husbanding of resources which may not

produce immediate economic gain.

In the following chapters, the natural
resources and human utilization of Netarts Bay

as they were in the summer of 1975 are identified

and discussed. Where possible, relationships

between physical and biological factors are

brought out. Through this, the interplay and

interdependence of the parts of the Netarts
system will perhaps be more clear. This report

should also provide much of the requisite data

for the proper planning of Netarts Bay. It

should aid in rationally approaching its develop-
ment and conservation as increases in population

pressures tax the resources which make Netarts
Bay unique.
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GENERALIZED GEOLOGIC MAP
(from Wells and Peck, 1961)
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CIVIL SURVEY OF NETARTS BAY, OREGON FOR ESTABLISHMENT OF TRANSECT POSTS

INTRODUCTION

The first objective of the study was to esta-

blish a referenced sampling grid over Netarts

Bay. In order to accomplish this goal, a survey
was run from the head of the bay at the south end

to its mouth at the north end. It was carried

out in two stages.

The first stage was a preliminary survey in

which a series of reference markers were placed

along the spit on the west side of the bay.

Using an electronic distance meter and a theo-

dolite, the exact positions of all these newly

set markers were determined. A check using U. S.

Coast and Geodetic Survey triangulation discs

showed accuracy for this phase to be close to

1 ft. in 1 mi.

The second stage involved locating and setting

seven ft. wood posts on the spit along exact
east-west transect lines every 2000 ft., as
measured along a north-south direction. These

posts were located in the desired positions by

using the markers set in the preliminary survey

as references. The posts were set in pairs,

which then determined exact east-west transect

lines of known position, along which sampling

sites could quickly be located. All posts were

assigned co-ordinates using the Oregon Plane
Co-ordinate System, which should permit easy

re-establishment of sampling sites in future
studies.

MATERIALS AND METHODS

The survey was carried out in two stages: a

preliminary survey to establish and locate re-

ference markers and a final stage to locate posts

on east-west transects every 2000 ft. Although

over 4 mi. of survey had to be run, the avail-

ability of new and sophisticated equipment made

it possible to complete work in only two weeks.

The key piece of equipment used was a

Hewlett-Packard electronic distance meter,

model 3805. This electronic distance meter (EDM)
measured distances up to 1 mi. to within 0.02 ft.

Two prisms mounted on tripods served as reflectors

for beams of infra-red light sent out by the EDM.

Once a beam of light had been sent to the reflec-
tors and back again, the DEM indicated the

distance in less than five seconds on a cal-

culator-like display. Accessories for the EDM
included thermometers for temperature correction.

To determine the positions of points, angles

as well as distances must be measured. A Wild

TlA theodolite, accurate to within twenty seconds,

was used. Plumb bobs, plastic targets, and range
poles were used in conjunction with this
instrument.

Before the first stage of the field work, it
was necessary to determine the locations of

existing survey markers, which could be used to

absolutely reference the survey. The National

Geodetic Survey (formerly U. S. Coast and Geodetic

Survey) information center in Rockville, Maryland,

provided descriptions and positions of existing

bronze triangulation discs. Since these discs
are of known position, by starting the survey at

one, it was possible to give all the survey sta-

tions and sampling sites absolute locations using

the Oregon Plane Co-Ordinate System.

The first phase of the survey, running a pre-

liminary line, began with a search for USCGS

bronze triangulation discs. Two were found, both

on the east side of the bay. One Red 1926, was
near the southern end, while the other, Ray 2, was

roughly one-third of the way south of the mouth at

the northern end.

A problem immediately appeared. Although it

had been planned that the theodolite be placed at

Red 1926 to measure the angle between that point,

Ray 2, and wood hub (stake) placed on the spit to

the west, trees blocked vision between Red 1926

and Ray 2. As a result, it was necessary to
establish an intermediate point called Ray2-RMA

(for Ray 2 reference mark "A") between Red 1926

and Ray 2. Since Red 1926 and Ray 2-RMA were 4

mi, apart and the EDM was limited to 1 mi., it

was impossible to measure the distance between
these points directly. Trigonometric calculations

had to be used to locate Ray 2-RMA, a step
necessary in order to obtain a bearing for the

line joining Red 1926 and the point on the spit

marked by the wood hub.

The procedure used to find the co-ordinates of
Ray 2-RMA was the following (refer to Fig. 4).

First, Ray 2-RMA was occupied and an angle turned

between Ray 2 and Red 1926. The distance between

Ray 2 and Ray 2-RMA was then measured with the
EDM. Next, the distance between Ray 2 and Red

1926 was calculated from their plane co-ordinates

as determined by the USCGS. Given these two

distances plus angle for the triangle formed by

Ray.2, Ray 2-RMA, and Red 1926 (triangle CAB in

figure), the remaining angles and distances of

this triangle were calculated using ordinary

trigonometric formulas.

Next, a right triangle (BDC in Fig. 4) was
formed with Ray 2 and Red 1926 at the corners

having acute angles. The two perpendicular sides
(CD and BD) thus headed north-south and east-

west. The angle which the line between Ray 2 and

Red 1926 (line BC) made with the north-south

direction was then calculated. The location of
the Ray 2-Ray 2-RMA-Red 1926 triangle within the

larger right triangle now made it possible to
calculate the angle which the line between Ray 2-

RMA and Ray 2 made with north-south (angle ACD).
In particular, this angle added to the angle

formed by Ray 2-RMA, Ray 2 and Red 1926 (angle

ACB) added up to the angle between the Red 1926
to Ray 2 line and north-south (angle BCD). Simple

subtraction (angle BCD minus angle ACB) gave the
Ray 2-RMA to Ray 2 to north-south angle (angle

ACO). Given this angle and the measured Ray 2-
RMA to Ray 2 distance, the plane co-ordinates

for Ray 2-RMA were calculated.
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Once these co-ordinates were obtained, the next
step was to begin establishing points on the spit

and taking the measurements needed to determine

their position.

These points were established by driving a

wooden hub, 2" x 2" x 12", into the ground. At

its center a small metal tack was placed and then

the top of the hub was covered with a coat of red

lacquer. The distance measured from the beginning

of the survey to any of these points was used to
identify the point, which is referred to as a on
survey station. For example, station P-80 + 10-2=
indicates that the point was 8010 ft. from station

P-00 + 00E, which was the beginning point. The
P designation means the station was part of the

preliminary survey. This number, labeling the

station, was written on a wood stake, le x 11/2" x
18", using a waterproof marking pen. These

stakes were placed next to each hub, togehter

with a wood lathe, le x 1" x 36", which was
decorated with plastic flagging.

These stations were set one-by-one moving north

along the spit. The first was established to the

west of Red 1926. By measuring the angle between

Ray 2-RMA, Red 1926, and this station with the

theodolite and measuring the distance between the

station and Red 1926 with the EDM, it was possible

to determine the co-ordinates for the point.

Next, a station was set to the south of this one

as a starting point and called P-00 + 00—.oo	 This
new station's distance from the first station set

on the spit and the angle between it and the old

station and Red 1926 made it possible to calculate

later the new station's co-ordinates.

Then a third station was established by driving

a hub roughly 2000 ft. north of the first station.

With the EDM and theodolite set up at the first

station, a distance and angle for this third sta-

tion was measured. With this information, needed

to calculate the co-ordinates of this third sta-
tion, the theodolite and EDM were then moved to

this third point. Simultaneously, other crew

members moved to a point estimated with a sextant

and three-armed protractor to be 2000 ft. farther

north of station three. Here, they set another
wooden hub for station 4 and the procedure of

measuring distance and angle began anew.

Each angle was measured twice, with the gun

inverted for the second reading. Only if the

second reading, which is the sum of both the first

and second angle, was within twenty seconds of

twice the first reading, were the results

accepted. Otherwise, the angle was measured

again. Also, all distances on the preliminary
survey were over 1000 ft. Since the flatness of
the spit meant elevation differences between

EDM and prism were never greater than ten ft.,

corrections for slope distance were not needed.

All stations were located in this manner until
at station P-122 + 0457 a point was reached
roughly across the bay from Ray 2, situated on

the east bank. At this station an angle was mea-

sured into the Ray 2 triangulation disc and the

distance to the disc determined. The survey now

ran between two points of known location, Red
1926 and Ray 2. This fact made it possible to
assess the accuracy of the survey by merely

comparing the relative positions of the two discs,
as we had measured them, to that previously

determined.

Following this tie-in to Ray, the preliminary

survey continued, up the spit to the mouth. No

discs near the mouth could be found, nor was time

available to double check the measurements.

Consequently, theoqcuracy of this last le from

station P-122 + 042L to station P-199 + Rol
cannot be guaranteed. However, measuring dis-
tances with the EDM greatly reduces the possi-

bility of making a mistake, as mentioned earlier.

Once the field work of this first stage had

been completed, the plane co-ordinates of all the

stations were calculated. At this time, the

second stage began.

In this second stage, pairs of wood hubs were

set on exact east-west transect lines every 2000

ft., as measured in a due north-south direction.

Office calculations were made to determine how

far from an existing preliminary station each

line would be. These calculated distances were

usually along the lines joining the stations.
In addition, the angle between each transect line

and the appropriate inter-station line was deter-

mined. The goal was to set a hub exactly at the

point where a transect line intersected the line

between two existing stations.

In some cases, the point, at which the line

between preliminary stations intersected a

transect line, fell into the bay due to irregulari-

ties in the shoreline. In these instances the

transect lines were located by measurement along

new lines farther inland of the inter-station

lines. Otherwise the procedure followed was

exactly the same as that described in the pre-

ceding paragraph.

The field procedure to accomplish this task

follows: One group with a tripod and reflector

would move ahead to the approximate location of a

transect line. The EDM was then used to measure

the distance from a station to the reflector.

Hand signals were then used to indicate which
direction and how far to move in order to reach a

transect line. Once within fifty feet of this

point, as measured with the EDM, the reflector

group used a 100 ft. steel chain to measure the

exact distance needed to reach the transect line

on which a hub was to be set. Simultaneously,
the sights on the EDM were used to position the

hub directly on the line between the two pre-

liminary stations. In this way, the hub was put

right at the intersection of the two lines.

The theodolite was then moved to the newly

positioned hub. Here, an angle was measured to

give a line of sight exactly east to west. Along

this line, two more hubs were placed, both on the

spit above high water and as far apart as possi-

ble. The EDM was again set up and the distances
to these hubs measured.

Every 2000 ft from the head of the bay to
near the mouth, pairs of these hubs on east-west

lines were set. There were ten pairs altogether.
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In the last phase of this stage, 7 ft. 2 x 4

boards or 7 ft. 4 x 4 boards were put at the

places marked by these pairs of hubs. However,

in the case of two pairs of the hubs, calculation

of their plane co-ordinates in the office re-

vealed that they had not been placed exactly 2000
ft. south of adjacent pairs. The co-ordinates of

the hubs along transect L 120 + 00 indicated they

had been put 20.9 ft	 too far north, while those

along L 140 + 00 were 9.1 ft too far south. (The

location of these original transect lines, though
not that desired, was known exactly). Therefore,

to make all the transect lines exactly 2000 ft
apart, the posts were moved appropriate amounts
from the hubs, using a steel chain, along a line

paralleling the interstation line. Since this
direction was determined using a sextant, the

co-ordinates given for these two pairs of posts

are probably accurate only to within 1 ft.

The pairs of posts were then alternately

painted white and yellow to aid in identification.

With the setting of these posts, the survey was

completed.

RESULTS

This section primarily consists of tables and

figures giving the details of the survey. Re-

sults for the preliminary survey include:
1) Table 1 giving the angles between adjacent

stations, 2) Table 2 giving the distances between
adjacent stations, and 3) Table 3 giving the

co-ordinates for all these stations. Figure 4

gives the details of calculating the co-ordinates

of Ray 2-RMA. Figure 5 is a map having all

stations, both preliminary and transect, set in
either stage.

For the second stage of the survey, Table 4

gives the distances from the points where transect
and interstation lines met to adjacent preliminary

(P) stations. Table 5 gives the distances from

these points to the posts. The angle between the
transect lines, each of which is identified by an

"L! prefix, to the interstation line is also

given. For a listing of the co-ordinates of these

poles, refer to Appendix A of the benthic inverte-

brate section.

With regard to the accuracy of the preliminary

survey, the section between Red 1926 and Ray 2

differed from results obtained by the USCGS by

2.03 ft in north-south direction and 2.66 ft in

the east-west direction. Even assuming previous

results to be perfect, this survey errored by

only 1 part in 6000, or less than 1 ft in 1 mi.
Such precision greatly exceeds that commonly

obtained in property surveys: 1 part in 1000.

DISCUSSION

By the use of highly sophisticated and modern

equipment it was possible to complete in two

weeks a survey which would have taken an exper-

ienced crew using conventional methods five to
six weeks. As a result, much more time was
available for scientific work than would have

otherwise been possible.

The establishment of the poles on east-west

lines made it extremely easy to locate sample

sites. Line-of-sight alone could be used to

determine north-south position. Starting from
one of the posts, monofilament line could be
used to measure distance along an east-west line.

Using this procedure, it was possible to quickly

locate sample sites.

Another advantage of the survey is that re-

establishment of the sampling sites should be

easy using the posts. Hopefully, this ease will

encourage comparative studies in the future.
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TABLE 1. Angles Measured in Preliminary Survey.

Station Angle	 Angle Type
(double angle in parenthesis)

Ray 2 - Ray 2-RMA - Red 1926	 12°51'35"	 Deflection
25°42'35"

	

Ray 2-RMA - Red 1926 - P16 + 10 58 259°03'10"	 Exterior
158°06'00"

58	 00
Red 1926 - P16 + 10-- - P00 + 00--

	

	 79°04'00"	 Interior
158°08'15"

58
PO + 00 - P16 + 10-- - P31 + 62

11

	

5°54'35"	 Deflection
11°49'10"

	

58	 40
P16 + 10-- - P31 + 62

11
 - P51 + 36--	 0°15'15"	 Deflection

0°30'30"

40
P31 + 62

11
 - P51 + 36-- - P70 + 58

.81
	4°41'20"	 Deflection

9°22'30"

	

40	 57	 65
P51 + 36-- - P70 + 58--- - P87 + 14— 	 1°44'30"	 Deflection

3°28'20"

	

57	 52
P70 + 58-- - P87 + 14

88
 - P104 + 55--

	

	 356°38'50"	 Deflection
353°17'10"

	

65	 52	 57
P87 + 14-- - P104 + 55-- - P122 + 04-- 	 0°1'00"	 Deflection

0°2'20"

	

52	 57
P104 +55-- - P122 + 04-- - Ray 2-RMA

	

	 151°05'20"	 Interior
255°32'30"

	

52	 57	 13
P104 + 55-- - P122 + 04-- - P133 + 58--

	

	 352°14'15"	 Deflection
344°28'50"

	

57	 13
P122 + 04-- - P133 + 58— - P152 +

81
	17°46'50"	 Deflection

35°33'20"

	

13	 67	 31
P133 + 58---- P152 + 61-- - P175 + 47--

	

	 323°39'55"	 Deflection
287°20'00"

P152 + 61
87_ 

- P175 + 4731  P199 + 91
82

	

351°49'45"	 Deflection
343°39'15"

14



58
Red 1926 - P16 + 10--

00	 58PO + 00-- - P16 + 10--
58P16 + 10-- - P31 + 6233

40P31 + 62-11 - P51 + 36-
40	 57P51 + 36-- - P70 + 58--

Ray 2 - Ray 2 RMA

57P70 + 58— - P87 + 1465

P87 + 1465 - P104 + 5552
57P104 + 5551 - P122 + 04--

57P122 + 04-- - P133 + 5811
57P122 + 04-- - Ray 2 RMA

13P133 + 58-- - P152 + 61 67

P152 + 61 67 - P175 + 11

31P175 + 47-- - P199 + 9182

155.49

2524.92

1610.58

1551.75

1974.07

1922.17

1656.08

1740.87

1749.05

1153.56

5434.17

1903.54

2285.64

2444.51

TABLE 2. Distances Between Adjacent Stations in Preliminary Survey.

Station	 Distance (in feet)

Note: All distances are horizontal distances, which were always the same as slope
distances (see text for details).
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TABLE 3. Plane Co-Ordinates for Preliminary Survey Stations.

Station
	

X-Co-ordinate	 Y-Co-ordinate

Ray 2
1

Ray 2-RMA
2

Ray 2-RMA
3

Red 19261

00
P00 + 00--

58
P16 + 10—

P31 + 6233--

40
P51 + 36--

57
P70 + 58--

P87 + 1465

52
P104 + 55--

P122 + 04
57

P133 + 5711

67
P152 + 61--

P175 + 4631

P199 + 9182

1,118,745.84

1,118,628.73

1,118,626.07

1,112,811.72

1,110,223.36

1,110,400.20

1,110,728.46

1,111,154.62

1,111,721.60

1,112,257.81

1,112,724.02

1,113,192.95

1,113,352.14

1,114,178.05

1,113,756.86

1,113,067.62

655,214.01

655,111.73

655,109.70

644,255.70

643,403.06

645,003.90

646,520.51

648,448.01

650,284.63

651,851.47

653,528.73

655,213.72

656,356.24

658,071.27

660,317.77

662,663.10

1 Co-ordinates as determined by USCGS.

2 Co-ordinates as calculated using co-ordinates of Ray 2 and Red 1926 as determined by
USCGS (see Materials and Methods section).

3 Co-ordinates as calculated using angles and distances measured in the preliminary
survey along spit, which started at Red 1926.
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TABLE 4. Distances and Angles Measured in Establishing Transect Lines.

Interstation Line	 Distance Measured	 Angle Made with	 Interior Angle Torned

Transect	 Used to Establish	 (ft) Along Inter- 	 Due North by	 with Interstation

Line	 Transect Line	 station Line to	 Interstation	 Line to Establish

Transect Line	 Line	 Direction of Transect

(Direction	 Line

Measured)	 (Double given below)

L00+00 South of P00+00 955.66 2.0569° 87°56'35"

(South) 175°53'20"

120+00 P00+00 - P16+10
01

556-- 6.304° 83°41'00"

(South) 167°21'40"

L40+00 P16+10 - P31+62 74—
17
— 12.213° 77°47'15"

(South) 155°34'30"

L60+00 P51+36 - P70+58 0 17.156° 72°50'40"

145°41'00"

L80+00 P70+58 - P87+14 1 165.84 9.735° 80°15'55"

(North) 160°31'50"

L100+00 P87+14 - P104+55
2

616.95 14.778° 75°23'20"

(North) 150°47'25"

1120+00 P104+55 - P122+04 773.10 15.552° 74°26'50"

(South) 148°53'10"

1140+00 P133+57 - P152+61 101.88 25.713° 64°17'15"

(North) 128°34'45"

L160+00 P152+ 61 - P175+46 383.30 10.620° 280°37'10"

(North) 201°13'40"

(exterior angle)

L180+00 P175+46 - P199+91 135.74 16.377° 286°22'40"

(North) 212°45'25"

(exterior angle)

Note on reading this table: The distance given is that actually measured. If the direction
indicated is south, the distance was from the right-hand P-station, while if north,

from the left-hand P-station.

The interior angles are those measured relative to the interstation lines in

order to orient the transect lines in an east-west direction.

1
A line, 9.157° in a more northerly direction than that of the interstation line, was

used to establish transect line. Distance measured was along this new line. It also

served for establishing the direction of transect line. (Interstation line made angle
of 18.892° with due north.)

2
A line .775° more northerly than the interstation line was used. (The interstation line

made an angle of 15.553° with due north.)
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TABLE 5.	 Distances Measured to Establish Posts Along Transect Lines.

Transect Line

Western Post

Distance	 Direction

(feet)

Eastern Post

Distance

(feet)

Direction

L00+00 139.6 West 76.1 East

L20+00 141.2 W 0

L40+00 249.8 W 86.1 W

L60+00 163.8 W 9.1 W

L80+00 159.1 W 17.1 W

L100+00 217.8 W 16.7 W

L120+00 312.5 W 167.7 W

L140+00 290.9 W 173.9 E

L160+00 270.2 W 22.2 E

L180+00 268.6 W 151.4 W

Note: Distances and directions are from points where interstation lines intersected

transect lines. See Table 4 for details on establishment of these intersection(transect)
points.
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A SURVEY OF THE FLORA OF NETARTS BAY, OREGON

GENERAL INTRODUCTION

Netarts Bay is a botanically diverse study

area. Eelgrass (Zostera marina L.), algal, dia-

tom and salt marsh communities compose the wet-
land areas in the bay. Sand dune, riparian, old

field, and regenerating and old growth Spruce-
Hemlock communities are all represented in the

watershed.

Emphasis for this three-month study was placed

on elucidating some aspects of the Zostera marina

population since no quantitative striaiTOf—eii-7-

grass had been made in Oregon. Productivity,

areas covered by eelgrass, distribution of eel-
grass, percentage of tidelands covered, and

differences between deep and shallow water plants

were some aspects investigated.

Algal species and substrate determinations were

made as well as a compilation of some diatom

species. Salt marsh and watershed community

determinations were made. Because of the time

limitations of this study, much of the informa-

tion included in the study has come from the

literature.

MATERIALS AND METHODS

After the establishment of transects at 2,000

foot intervals, sampling stations were establish-

ed. Stations were established at regular inter-
vals (e.g. 100 ft, 300 ft, 400 ft.) along four of

the Civil Survey transects and along three tran-

sects established at 2000 ft. intervals which fall

between the Civil Survey transects (Fig. 6).
These latter stations were established by measure-

ment with monofilament line and sextant readings.

Station 63 was established 600 ft. south of a
survey transect. This station marked the north-

ernmost point in the bed. Stations in the
eastern bed (Fig. 6) were established along a

line bisecting the bed at 300 ft. intervals with

the aid of a compass and monofilament line.

Samples were taken at points at a distance
determined by a random numbers table (Kershaw,

1973).Ihe sampler was a plot frame with an area
of .045m4 (20 x 22.5 cm). A sketch of this is

shown in Figure 7.

Turions (a group of 4 or 5 leaves attached to

the rhizome) within the limits of the plot frame

were clipped and the roots and rhizomes within

the area were dug up with a shovel. These were
placed in plastic bags for later analysis.
Turions were washed and cleaned of epiphytes and

counted for both vegetative and reproductive
turions. Rhizomes were cleaned of sediment.

Samples were then dried in a drying oven at 70°
for 24 hours, cooled and then weighed.

Eelgrass beds were mapped with the aid of
1974 U-2 infra-red air photos taken by NASA.
Plant community composition is highly correlated

to coloration of the photo (Reidenbaugh, 1975).

Groundtruth confirmation was made at sites shown

in Figure 6. Areas were measured using a polar

planimeter.

To estimate total standing stocks from mean

standing stocks, the means for each bed were

multiplied by the total number of quadrats in

each bed (the means are standing stock/quadrat).

The number of quadrats was estimated by first
estimating the area of each bed from aerial

photos and then dividing that area by the area/

quadrat.

In order to estimate the total standing stock

for all of the eelgrass in the bay, the estimate
was found by taking a weighted average of the

mean standing stocks for each bed and then multi-

plying this average by the total number of qua-

drats in the entire bay. The weights were simply

the proportion of the total area covered by eel-

grass in each bed.

Although formulas for stratified random

sampling were used to obtain estimates of preci-

sion in the total standing stock, it is clear that

in the case of the lower beds the sampling was not

random. By design samples were not taken at all

from the east and south sections of the shallow

water beds due to lack of footing because of the
muddy terrain. As a result, no information about

these areas was included in the samples.

Obviously, if the standing stock differs greatly
in these areas, from that in the sample areas,

the estimates will be biased.

However, the sampling in deep water beds can

be considered truly random. Plots were located
in a regularly spaced grid over the entire bed.

Periodic variation in standing stock was not

evident. As a result, this systematic sample
should be equivalent to a simple random sample.

Productivity experiments were carried out

utilizing a light and dark bottle method (Odum,

1971). Zostera turions of similar size and con-

dition with 7.5 cm rhizomes attached were placed
in 0.47 1 jars and exposed to radiation very

similar to that the plants would experience on

the tidal flats. Length of exposure to radiation

was held close to constant as was the time of day

during which they were exposed.

Changes in dissolved oxygen were measured by a

modified Winkler method (Strickland and Parsons,
1968). Calculations of productivity included the

assumptions that the growing season is from April

to October, that respiration remains constant over
a 24-hour period, and that primary production

proceeds at a constant rate throughout the day.
Sunny days (35%) and cloudy days (65%) were

weighted for occurrence during the growing season
and these figures were used for total crop cal-

culation. Similar formulas to those for strati-
fied random sampling were used to combine the two

estimates of cloudy productivity into one estimate

and likewise for the sunny estimates. Weighted

averages were utilized.
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Figure 7. Eelgrass Sample Plot.

Figure 8. Zostera marina L. (after Scagel, 1973).
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Figure 9.	 A "Zostera Lake."
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Taxonomic determinations follow Smith (1963),

Scagel (1972), and Phinney (1974). Other methods

are described in the following sections.

INTRODUCTION TO EELGRASS

Zostera marina L., which is a member of the

Najadaceae	 1963), is a part of one of

the few groups of marine plants which are sper-

matophytes. Zostera, more commonly known as eel-
grass, superficially resembles some grasses in the

growth habit of the leaves and the fact that they

are monocotyledenous angiosperms. However, the

Najadaceae and Gramineae are not closely related
(Scagel, 1972). The plants are monoecious. The

flowers are arranged in two series on a flattened
spadix which is surrounded by a spathe (Steward,

1963).

Eelgrass has creeping roots and rhizomes which

grow in substrates varying from pure mud to pure

sand and tends to form extensive meadows in the

intertidal and upper subtidal zone (Den Hartog,

1970). These eelgrass beds are perennial features

with changing contours brought by depositional and

erosional forces (Den Hartog, 1970). The plants

themselves are biennial, usually reproducing in
their second year (Setchell, 1970). Figure 8

shows a small Zostera Marina plant. Leaf length

and width are -s-Tgr—FTicarFfTdifferent between the
two zones. The intertidal plants have leaves

about 60 MR in width and a length of about 1 m.

The upper subtidal plants are about 60-125 mm in

width and up to 4 m long (Scagel, 1972). Scagel

(1972) has treated these two variations as
varieties. However, Philli ps (1972) has demon-

strated through transplantation experiments that

the difference lies in a plastic phenotypic vari-
ation brought about by differing growing condi-

tions. There are two seasonal leaf conditions

found in Pacific Northwest plants; a summer
condition of an average of 5 leaves per turion
and a winter condition where the leaf number is

reduced to 4 (Phillips, 1972).

Because of its tolerance to a broad spectrum

of salinity conditions and its need for protection

from wave shock, eelgrass is often found in

estuarine systems.

Eelgrass is an important member of the estu-
arine ecosystem for many reasons. High primary

productivity marks this species; it provides large
amounts of detritus which is consumed by many

detritus feeders. The whole plant is also a
source of food for ducks and geese especially the

Sea Brandt whose diet consists of about 85% eel-

grass (Cottam and Lynch, 1944). Eelgrass is
utilized as a hiding and breeding place for many

fishes and invertebrates (Milne and Milne, 1951).
A characteristic community of polychaetes and

crustaceans are found among its rhizomes (refer

to the Benthic Invertebrates section of this
report). The leaves provide a substrate and
habitat for many varying kinds of organisms;

diatoms, algae, foraminifera, tunicates and

crustaceans all utilize Zostera. One reason for

the great numbers of animals found among the
plants is that the leaves retard currents (Den

Hartog, 1970). This provides a protected

environment as well as settling out silt and

detritus from the water column. Eelgrass is also

important in the phosphorous cycle of an estuary

because of its ability to transfer phosphorus from

the sediments to the water column (McRoy, 1974).

It is also important in maintaining an active sul-

fur cycle within the estuary (Thayer, 1975).

Sediment stabilization has been noted, yet the

establishment of an eelgrass bed does not neces-
sarily mean an immediate rise in the level of the

substrate. The eelgrass evidently establishes a
dynamic equilibrium between accretion and erosion

of sediments. Therefore, the eelgrass community
which once was regarded as the initial stage of

succession in the progression to salt marsh, may

not be directly related to the actual establish-

ment of salt marsh communities (Den Hartog, 1970;

Jefferson, 1975);

To date, there have been four major studies of

Pacific Coast eelgrass populations. In Humboldt

Bay, California, Keller (1963) and Keller and

Harris (1966), examined distribution of standing

stock according to depth. Waddel (1964) examined

the effect of oyster dredging on eelgrass standing

stocks. McRoy, in Alaska (1966; 1970), studied

the standing stocks and ecology of eelgrass in
various bays in Alaska. Phillips (1972) exten-

sively studied eelgrass in Puget Sound. This is

the first study of an eelgrass population in
Oregon. It hopefully will provide a basis for

comparison to other Oregon eelgrass populations
as well as Pacific Coast and world-wide popula-

tions.

Environmental Factors 

Salinity 

Eelgrass has been shown previously to be an

euryhaline species because of its ability to grow

in a range of salinities from nearly fresh water
to 42% (Phillips, 1974).

Temperatures 

The water temperature where eelgrass is found

ranges from about 0°C (McRoy, 1969) in Alaska, to

about 40°C (Ricketts, Calvin, and Hedgepeth,
1968) in California. 	 In Puget Sound, Phillips
(1974) observed a winter minimum of 6.5°C to a

summer maximum of around 13.5°C except in some

localized areas where temperatures up to 18°C
were observed.

Currents 

Phillips (1972) reported that in Puget Sound,

moderate currents are "not inimical to growth of
eelgrass. In fact they seem to enhance it." He

observed most luxuriant growth where the current
velocities periodically reached 3.5 knots.

Molinier and Picard (1952) reported that severe
water movements may erode seagrass growth.
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Sediments

Eelgrass nas been reported to grow on substrate

ranging from pure mud to pure sand (Phillips,

1972). Den -iartog (1970) states that "the compo-

sition of the original substratum is no longer of

importance as the plants greatly promote the sedi-
mentation of suspended material, thus enriching

the substratum with mud and organic matter..."

Limit of Growth 

In a tideland situation such as is found in

Netarts Bay, the upper limit of growth seems to

depend greatly on the degree of dessication which

the plants are exposed to (Den Hartog, 1970).

Thayer et al. (1975) states that mean low water

is a realistic upper limit for most seagrasses.

In Humboldt Bay, California, however, Keller and
Harris (1966) found that the upper limit for

most of the Zostera marina was at the +1.0 foot
level. Single plants were found above this limit

in depressions which held water during a receed-

ing tide.

OBSERVATIONS, RESULTS, AND DISCUSSION

Environmental Factors 

The eelgrass of Netarts Bay is subjected to

varying combinations of the environmental factors

which were discussed above.

Salinity 

Eelgrass in Netarts Bay is seldom, if ever,

subjected to the wide range of salinities noted

previously. The salinities in the bay remain

close to ocean salinities -- especially during
the summer because of the very limited inflow of

fresh water. Runoff comes from a watershed of

approximately 16 square miles of land and the
fresh water inflows are limited to small creeks

during the summer months. During November
through April, when precipitation is high, how-

ever, there is enough fresh water inflow to affect
salinity, aithougn mainly in the upper bay.

Salinities as low as 13% have been observed
(Glanzman et al., 1971).

The Columbia River plume is the main operating

factor in determining salinity of the bay during

the summer (Glanzman et al., 1971). Depending
on the amount of fresh water issuing from the

Columbia River, salinities have been observed as

high as 35% (Burt, 1956; Zimmerman, 1972; DEQ,
1971). During this project randomly collected

data showed that salinities ranged from 28 to 33%.
Optimum salinities for Z. marina are reported to

range from 10-30% (Phillips, 1974). Netarts Bay

eelgrass does rot appear to suffer from the
higher salinities.	 In fact, luxuriant eelgrass
growth is found *Pere salinities are very close

to that of the ocean [station 38] (Fig. 6)
(Glanzman et al., 1971; Project data).

Sediments 

In Netarts Bay, eelgrass has never been observ-

ed to grow on pure sand. This does not mean,
however, that it is unable to establish itself on
that substrate. It is entirely possible that by

June when sampling began, the eelgrass that had

become established on pure sand at an earlier
date had altered its substrate as is suggested by

Den Hartog (1970). Highest organic carbon content
in the sediments were found within the limits of

the eelgrass beds. This is probably brought about

by eelgrass' settling out of silt as well as its
own contribution of dead leaves and rhizomes.

Limits of Growth 

Observations of Netarts Bay eelgrass parallel

those made by Keller and Harris in Humboldt Bay,

California (1966). The upper limit for the plant

appears to be approximately at the +1.0 tide
level with single turions growing in small water-

filled depressions above that level.

Plants growing at the upper limit and even

those which are exposed to dessication only

occasionally, are much smaller than the eelgrass

plants found in the deep "Zostera lakes" (see

Fig. 9) and in the upper sdEfIcTiT zone where the
plants are constantly immersed. It is interesting

to note that eelgrass retards the flow of water

receding at low tide - thus maintaining the large
lakes of eelgrass and preventing its own dessica-

tion. Lower limits of growth appear to be deter-
mined by several factors; the availability of suit-

able substrate, current velocities, and light

penetration (Thayer, 1975). In Oregon estuaries,
light penetration during the winter is probably

a major problem for the plants. High sedimentation
loads brought about by logging, etc. and the

occurrence of few sunny or bright overcast days is

a major limiting factor for the plants. A com-
parison of environmental factors is found in

Table 6.

Temperatures 

In general, temperatures in Netarts Bay fall

well between the limits of 0°C to 40°C. In
winter, temperatures vary from between 8°C to

11°C (Glanzman et al., 1971) and during the
summer, the temperature rises to about 16°C (Burt,

1956; Zimmerman, 1972). However, on warm, clear

days in localized areas over the tideflats,,

temperatures were observed as high as 28.5°C

during this study. This extreme temperature in-
crease is dependent on the amount of insolation

during the daylight hours, and since there were
few clear, warm days during the summer of 1975,

these extreme temperatures occurred only
occasionally. The Zostera did not appear to be
adversely affected aTaic7rgh optimum growing

temperatures generally lie between 10°C and 20°C

(Phillips, 1974).

Currents

The eelgrass in Netarts Bay grows extremely

well in fairly swift currents, yet as soon as the
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TABLE 6. 4abitat Factors Affecting Eelgrass Growth.
	 (modified from Phillips, 1974)

Temperature 

Range worldwide
	

0-40.5°C

Optimum worldwide
	

10-20°C

Netarts Bay Range	 8.0' - 28.5°C
2

Netarts Bay Average
Winter	 8 - 11°C'

Summer	 =16°C'

Salinity 

Range worldwide
Optimum worldwide

Netarts Bay Range

Netarts Bay Average

Winter

Sumner

Substrate 

Range worldwide

Optimum worldwide

Netarts Bay Range

Water Motion 

Range worldwide

Optimum worldwide

Netarts Bay Range
Glanrman et al., 1971

Project data

freshwater - 425,0

10-30%.

13 - 35T00

13.9 - 30.11U

29 - 34%,0'

pure firm sand to pure soft mud

mixed sand and mud

mixed sand to pure soft mud

waves to stagnant water
little wave action, gentle currents to 3.5 knots

gentle currents to swift water
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water velocity becomes high enough to cause
scouring by movement of sediment particles,

Zostera is either unable to establish itself, or

is quickly eroded away. The most luxuriant
growth is found in and around the channels which

drain the tideflats. This may also be due to a

lack of dessication as this eelgrass is constantly

immerseo in water. These drainage channels often
have swift currents. When the velocity of the

water becomes high enough to cause scouring, the

eelgrass disappears from the channel. This is

especially noticeable near station 38 (Fig. 6).

Standing Stock 

After an initial survey of the bay, two dis-
tinct groups, deep water and shallow water eel-

grass were defined. Upon determination of
occurrence of the two types of eelgrass through

use of aerial photos and confirmation of this in-

formation through sampling and groundtruth sur-

veys, a map was constructed which is shown in

Figure 10. From planimeter readings it was

ascertained that eelgrass beds occupy 55% of the
tidelands of Netarts Bay. Shallow water eel-

grass makes up 48% of the total with 161 ha.

Deep water eelgrass composes the rest of the
total (52%) with 175.92 ha.

Shallow water eelgrass averaged 67.1 turions/
m2 compared to 1066 turions/m 2 for deep water
plants. Reproductive turion counts, however,
showed no significant differences between the 17%

reproductive turions of shallow water and the 21%
of deep water plants. Individual counts are

shown in Tables 7 and 8. These reproductive

turion figures are significantly higher than those
found in other areas (see Table 9). Setchell, in

his prediction of 14% reproductive turions from
the growth habit of the plant comes nearest to

this study's figures. Sampling dates and water-
fowl grazing may have had a large effect in

determining reproductive turion counts in the

populations previously sampled.

Biomass percentages in roots and shoots were
also significantly different; shallow water plants

tended to have more biomass in roots and rhizomes.

These composed 46% of the biomass of shallow water

plants as compared to 29% in deep water plants.

Conversely, deep water plants showed a higher

percentage of biomass in leaves (71%) than did
shallow water plants (54%). Individual values

are shown in Tables 10 and 11.

Standing stocks showed significant differences

as well. Shallow water eelgrass standing stock
was 288 g/m2 and deep water eelgrass was 466
g/m2 . These figures tend to be higher than those
found in otner West Coast populations (see Table

12)

A comparison of deep water eelgrass and shallow

water eelgrass features are shown in Table 13.

Productivity was measured utilizing light and

dark bottles as outlined in "Materials and

Methods." Cloudy-days showed a higher amount of

productivity than did sunny days. Cloudy days
produced 1.08 g/m2 per day or 0.40% of the stand-
ing stock per day while sunny days produced

1.08 g/m2 per day or 0.28% of the standing stock
per day. Calculations for the growing season

showed that 1230.3 kg/ha would be produced at this

rate. Comparisons of growing season production to

other populations is shown in Table 14. These
comparisons may not be totally valid because of

the differing measurement techniques employed by

the investigators.

OTHER ASPECTS OF THE BAY FLORA

Other aspects of the Bay flora include algae,

diatoms, salt marsh, spruce forest, and sand dune

communities. These were investigated as time

permitted. However, much of the information in-
cluded here has been taken from the literature.

Algae 

The macro-algae population in the study area

is poor in terms of species richness. Twenty-one

species were noted. These are listed in Table 15.

This paucity is due presumably to the lack of

suitable substrate for species such as Laminaria
saccarina, Desmarestia munda, Sargassummuticum 

and other large, heavy a 	 to attach to.

The bay at low summer tides often as much as

90% of its total water volume (Glanzman et al.,
1971) which exposes extensive mud and sand flats.

Few of these tideland areas have large enough

rocks to act as good attachment points for most
of the algae, although many of these tideflats

are inhabited by mats of Chaetomorpha and

Cladophora. Egg-sized rocks are found in the
northeast bed north of station 38 (Fig. 6) where

most of the species were found to be growing.
Rip rapping near the county boat dock and the

piling at the dock provides substrate for the

largest populations of Ulva and Laminaria. Two of

the species found are eFiytic  on Zostera marina:

Smithora naidum and Monostroma zostiFF6717.
Smithora tends to grow on Zostera in more swift

currents whereas Monostroma is more usually found
on eelgrass which-T:6;TM large tidepools that

experience slower current rates. Fucus disticus 

was noted growing among the Salicornia in the salt

marsh fringing the bay. Other substrates avail-

able to algae included shells and beer cans.

Druehl (1973) has expressed concern in reference

to the introduction of exotic aquatic species of
plants which ultimately might pose a threat to

the highly productive and important eelgrass

community. The plant of concern at Netarts Bay
is Sargassum muticum. This species was intro-

duced with Crassostrea gigas (Japanese oyster),

presumably with the spat (Scagel, 1956; Phinney,
1973). The eelgrass and Sargassum both grow in
sheltered lower intertidal and subtidal areas and
presumably this puts them in competition with

each other. Druehl expresses the fear that

Sargassum will displace eelgrass. From observa-

tions of the species in Netarts, Sargassum has

shown little propensity for this displacement.
The substrate is not rocky enough for S. muticum 

to become a dominant plant. Establishment in a
pre-existing Zostera bed is difficult for the

plant because-3775711i silt covering brought about
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Figure 10
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TABLE 7. Turion Counts Per .045 m
2 

Sample.

Station No. Total Turions Reproductive Turions % Reproductive

Deep Water Eelgrass

38 22 4 18

38a 11 1 9

38b 20 5 25

38c 16 0 0

38d 18 8 44

42 18 2 11

42a 20 1 5

42b 20 5 25

63 70 26 37

81 35 16 45

82 83 1 1

83 77 22 28

92 78 4 5

93 77 22 28

94 89 18 20

95 57 3 5

96 43 10 23

97 32 12 38

99 24 5 21

103 43 7 16

104 81 18 22

105 76 16 21

106 66 18 27

115 60 9 15

116 53 16 30

Range 78 26 45

Mean 47.56 9.96 20.76

Std.	 deviation 26.37 7.81

Mean number of turions/m 2 = 1056.89

Mean gms./m
2
 = 466.89

Reproductive turions average 21% of total turion count
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TABLE 8. Turion Counts Per .045 m2 Sample

Station No. Total Turions Reproductive Turions % Reproductive

Shallow Water Eelgrass

66 15 2 13

69 45 6 13

84 45 6 13

85 47 5 11

86 41 2 5

108 60 9 15

109 0 0 0

110 45 5 11

129 54 11 20

130 10 3 30

131 13 6 46

132 32 6 19

136 12 1 8

136a 10 2 20

136b 13 5 38

136c 30 11 37

137 36 7 19

137a 36 7 19

Range 54 11 46

Mean 30.22 5.22 18.72

Std. deviation 17.93 3.17

Mean number of turions/m2 = 671.56

Mean gms./m
2
 = 288.22

Reproductive turions average 19% of total turion count
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TABLE 9. Mean Percentage of all Eelgrass Turions Which are Reproductive

Setchell (1929) predicted from growth pattern 
	

14%

Alaska (McRoy, 1970) 
	

3.3 to 4.5%

Washington (Phillips, 1974) 

Brush Point, 1964
Intertidal	 8.4%
Subtidal	 7.0%

Alki Point, 1964
Intertidal	 4.4%
Subtidal	 6.6%

Oregon - summer of 1975 

Netarts Bay
Shallow water
	

17%
Deep water
	

21%
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TABLE 10. Gram Weight Per .045 m
2 

Sample.

Station No.	 Roots	 Leaves	 Total

Deep Water Eelqrass 

38 8.68 22.59 31.27

38a 4.35 19.35 23.70

18b 5.53 17.53 23.06

38c 2.41 20.38 22.79

38d 4.02 13.07 17.09

42 3.76 11.17 14.93

42a 3.77 11.19 14.96

42b 4.93 12.56 17.49

63 10.40 13.69 24.09

81 10.71 13.57 24.38

82 11.45 30.43 41.88

83 7.05 21.15 28.20

92 6.70 10.37 17.00

93 3.91 8.64 17.75

94 7.58 16.29 23.87

95 3.86 8.73 12.59

96 6.12 17.28 23.40

97 5.24 10.35 15.59

99 3.87 19.12 22.99

103 3.81 9.53 13.3

104 3.31 7.47 10.78

105 6.01 11.40 17.41

106 8.35 10.45 18.80

115 8.87 17.65 26.52

116 8.23 13.40 21.63

Range 9.04 21.79 31.10

Mean 6.12 14.69 21.01

Std. deviation 2.57 5.42 6.73

Shoots comprise 71% of total deep water eelgrass biomass.

Roots comprise 29% of total deep water eelgrass biomass.
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TABLE 11. Gram Veight Per .045 m
2 

Sample.

Station No.	 Roots	 Leaves	 Total

Shallow Water Eelqrass 

66 .77 2.37 3.14

69 6.68 4.76 11.14

84 3.19 20.67 23.86

85 7.00 18.83 25.83

86 11.62 15.85 27.47

108 4.98 9.98 14.96

109 0 0 0

110 2.68 4.37 7.05

129 8.79 8.28 17.07

130 6.75 0.64 7.39

131 6.93 1.44 8.37

132 5.04 15.82 20.86

136 0.91 1.52 1.43

136a 4.98 1.45 6.43

136b 3.15 0.75 3.93

136c 9.09 5.90 14.99

137 19.68 4.15 23.83

137a 5.73 9.98 15.71

Range 19.68 20.67 27.47

Mean 6.00 7.38 12.97

Std.	 deviation 4.59 6.56 8.81

Roots comprise 46% of total shallow water eelgrass biomass.

Shoots comprise 54% of total shallow water eelgrass biomass.
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TABLE 12. Comparisons of Standing Stocks of Eelgrass in the United States During the Growing Season.

(modified from Phillips, 1974)

Location

Standing Crop

(Dry Weight in g/m2 )	 Author

Alaska

Izembek
	

186-324	 McRoy (1966)

California

South Bay, Humboldt Bay
	

12-421
	

Keller (1963)

Acartia Bay, Humboldt Bay
	

6-192
	

Waddell (1964)

Massachusetts

Great Pond
	

5-29	 Conover (1958)

New York

South Nassau County,	 148-2470	 Burkholder and

Long Island Sound	 Doheny (1968)

Washington

Puget Sound	 18-396	 Phillips (1972)

(growing season, April to
October)

Oregon

Netarts Bay
	

288-467	 Stout

(April to October 1975)

TABLE 13.	 Comparison of Netarts Bay Eelgrass.

Shallow Deep

Number of Turions per m
2

671 1056

Percentage of reproductive Turions 17 21

Percentage of total	 biomass in roots 46 29

Percentage of total biomass in leaves 54 71

Grams per meter
2

288 466

Hectarage 161 176
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TABLE 14. Production in Grams/Meters
2
 Dry Weight Annual Growing Season (after Phillips, 1972).

Productivity of Eelgrass 

East Coast	 Total Dry Weight

Massachusetts

Great Pond (Conover, 1958)	 10 to 58

New York - South

Nassau County (Burkholder and Doheny, 	 765

1968)

West Coast 

Alaska

Izembek Bay (McRoy, 1966)

California
South Bay, Humboldt Bay (Keller, 1963)

Washington

Puget Sound (Phillips, 1972)

273 to 648

24 to 842

187 to 1078

Oregon

Netarts Bay (this study)	 304

TABLE 15. Macro-Algae Species List for Netarts Bay, Oregon

CHLOROPHYCOPHYTA 

Chaetomorpha tortuosa Kutzing

Cladophora gracilis (Griffiths) Kutzing

Enteromorpha intestinalis var. intestinalis (1.) Link

Enteromorpha linza J. G. Agardh

Monostroma zostericola Tilden

Ulva expansa (Setch.) Setchell and Gardner

Ulva lactuca L.

Urospora womskioldii (Mertens) Resenvinge

PHAEOPHYCOPHYTA 

Alaria marqinata Postels and Ruprecht

Desmarestia herbacea Lamouroux

Desmarestia munda Setchell and Gardner

Fucus disticus subsp. edentatus (De La Rylaie) Powell

Laminaria saccarina f. saccarina Lamouroux

Sargassum muticum (Yendo) Fensholt

RHO DOPHYCOPHYTA 

Gigartina exasperata Harvey and Bailey

Gigartina spinosa (Kutz.) Harvey

Prionitis lyalli Harvey

Polyneura latissima (Harvey) Kylin.

Polysiphonia pacifica var. gracilis Hollenberg.

?orphyra perforata var. perforata J. G. Agardh.

Smithora naiadum (Anderson) Hollenberg.
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by the current reducing action of the eelgrass.
Sargassum however, is found in those eelgrass

beds where clams are dug. Evidently, the

clammers, who disturb the sediment by digging

large pits for clams, expose larger rocks upon

which the Sargassum can establish itself. 	 This

condition lasts until the Zostera rhizomes can

grow laterally into the pit and settle out

enough silt to cover the rocks and prevent re-
establishment of the Sargassum. The results of
these "clam pits" are evident in several eelgrass
beds; North of station 38 and near station 63

(see Fig. 6). Only in these two beds is an
appreciable amount of Sargassum found.

Diatoms 

Diatoms constitute another important part of

the bay flora. Wendy Moore and Dr. C. David
McIntire have generously provided a partial

species list of diatoms in the bay. Samples of

100 individuals were examined and those species
which made up at least 5% of the sample were
located in the list. Table 16 lists the species.

TABLE 16. Partial Species Ljsts of Diatoms in

Netarts Bay, Oregon

(McIntire and Moore, unpublished)

Achnanthes hauckiana Grun.

Achnanthes parvula Kutz.

Amphipleura rutilans (Trent.) Cl.

Cocconeis placentula var. euglypta (Ehr.) Cl.

Cocconeis scutellum var. parva (Grun.) Cl.

Fragilaria pinnata (Ehr.)

Fragilaria striatula var. californica Grun.

Melosira moniliformis (Mull.) Agardh.

Melosira nummuloides (Dillw.) Agardh.

Melosira sulcata 

Navicula complanatula Hust.

Navicula diserta Hust.

Navicula gregaria Donk.

Navicula pelliculosa Breb.

Nitzschia closterium 

Nitzschia frustulum var. perpusilla (Rabh.) Grun.

Nitzschia oregana Sovereign.

Synedra fasciculata (Ag.) Kutz.

Salt Marsh 

Many of the salt marshes of Netarts Bay are of

recent development. This may be due to the in-
creased sediment loads in coastal streams caused

by land use practices such as logging and road

building or erosion as a result of the coastal

fires of the 1800's (Dickens, 1961). Regardless

of the source of these loads, the salt marsh and

tidelands have been greatly affected by them.

For example, in the last 35 years, one section of

mature high marsh at the south end of the bay has

accreted 55% (for more detailed information refer
to the Land Use Planning section of this report).

Marshland is a highly productive part of the

bay, both as a habitat for terrestrial animals and

as a source of food for detritus feeders in the

bay proper. Bird populations as well as fish

populations are also dependent on this rich source

of primary productivity.

Within the general types of salt marsh that are

mapped in Figure 6, there are 13 specific com-

munities of plants under Jefferson's (1975)
classification which are found around Netarts

Bay. There is also a general type, low silt

marsh, which has not been included in the map

because the areas of these communities are too

small.

Low sand marsh is shown in Figure 6 to domin-

ate the margin of the east side of the sand spit.

Three low sand marsh communities are found

there: the Distichlis-Cladophora-Salicornia

Community, the Salicornia-Distichlis Community,

and the Scirpus americanus Community. These com-

munities are found on a gentle san y slope from

the tideflat and are inundated by all high tides.

The Jaumea-Salicornia-Distichlis Community is

associated with the brown algae Fucus distichus 
which is often found growing in large clumps with

the Salicornia. Netarts Bay has a particularly

fine example of the Scirpus americanus Community

which grows at the outward edge of sandy marshes.

It is found along the bay side of the sand spit.

Several sections of low sandy marsh are pro-
grading presumably because of the import of wind-

blown sand from the spit.

For the most part, the salt marshes along the

west side of the bay are sand-oriented marshes
because of the influence of the sand spit. How-

ever, there are also areas at the south end of

the bay on the same side where communities that
are classed as low salt marsh occur. These are

not shown in Figure 6 because of their small area.

The c2 ,Lurps 2 gracilis Community consists of the
branched filamentous green alga, and is found on
low silty tideflats at the southwest corner of

the bay. The Salicornia-Tri lochin Community is

also found in this area. Next to Whiskey reek

at the Oregon State Fisheries Culture Station is

found a small portion of Salicornia-Cotula-

Scirpus validus Community. This is-73717there

because of the fresh water influence of Whiskey

Creek.

There is one small area of sedge marsh on the
east side of the bay which is made up of the

Carex 1 n b ei Community. This marsh is easily

accessib e and suffers from trampling.

Four communities of immature high marsh is
found toward the southern end of the bay where

the substrate is more silty. The Salicornia-

Distichlis-Tri g lochin Community and the

Salicornia-Distichlis-Plantago-Scirpus americanus-

Glaux-Spergularia Community occupy most of the
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Figure 11. Immature high marsh on the eastern margin of
the bay.

Figure 12. Low sand marsh and immature high marsh on the
eastern margin.
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mid-part of the spit along the fringe above the
low marsh. At the northern end of the marshland,
the closest to the sand dune communities, is the
Deschamsia-Potentilla-Trifolium-Juncus Community.
This community occurs at extreme TITTTiater and
grades into Elymus mollis, Poa macrantha, and
Amnophila arenaria which are pai-F67(1 dune
communities. Mature high marsh is found mainly
at the south end of the bay and at isolated spots
along the eastern margin.

Few of Oregon's salt marshes are as undisturbed
as those at Netarts Bay. Disturbances include:
one agricultural dike, the installation of power
lines, limited cattle grazing, fences and road-
building (Eilers, 1975). Salt marsh areas are
needed where complex ecological relationships may
be studied and better understood. At Netarts
Bay, much of the salt marsh is now State owned.
The establishment of a study area containing much
of this marshland has been suggested by Jefferson
(1975), Eilers (1975), and Franklin (1975).

Watershed 

The watershed of Netarts Bay contains a wide
variety of plant communities. On the sand spit
are found the sand dune communities ranging from
the early colonizing plants to the climax spruce
forest. Glehnia leiocarpa, Franseria chamissonis,
Abronia latifolia, Lupinus littor-7011,W
mol is and the exotic AmmopElli-la	 which was
introduced for sand dune stabilization, are some
of the more dominant early colonizers (Weideman,
1966). The shrub communities which take over on
the semi-stabilized sand consist mainly of
Cytisis scoparius, also an exotic, Myrica cali-
fornica, and Gaultheria shallon. These communi-
Tiir-Eften contain Pinus contorta and Picea
sitchensis seedling776EW-Eirge shrUFFEMmuni-
ties have developed rapidly into a Pinus contorta -
Picea Sitchensis forest (Franklin, 1973;
Weideman,	 The Sitka Spruce forest is about
50 years old, from indications in old photographs.

In other sections of the watershed are found:
old growth Sitka Spruce (Picea sitchensis) and its
associated Hemlock (Tsuga heterophylla), second
growth Sitka Spruce with Tsuga and Pseudotsuga 
menziesii and some Abies grandis at higher ele-
vations, the shrub communities which are dominated
by Gaultheria shallon, Rubus spectabilis and Rubus
parviflorus, and finallT-iFe herb communities
which include the exotic Digitalis purpurea and
Epilobium angustifolium. Also found are riparian
communities of Alnus rubra and Salix hookeriana 
(Franklin, 197377ii7517:17ield or pastureland
which were not investigated for taxa.

Much work remains to be done at Netarts Bay on
the varied aspects of its floral communities.
Hopefully, this study will provide a starting
point from which future investigators can derive
meaningful comparisons.

OPINION

With the world's expanding population and con-
sequent dwindling per capita food supply, many

have increasingly turned their attention to the
possibility of deriving more food from the sea.
Since the estuaries are the sea's nursery grounds
as well as the source of a part of its primary
production, it would behoove us to care for these
important areas. Unfortunately, this is seldom
the case. In fact, very few estuaries escape the
"progress" of man. Salt marshes and eelgrass
beds are covered with dredge spoil; rip rapping,
road building, diking and the installation of tide
gates change drastically the character of salt
marsh (Jefferson, 1975). Activities in the sur-
rounding watershed such as logging, road building,
and rock mining increase erosion, increase the
turbidity of streams, and tend to fill in the
estuary at a faster rate or cause an increase in
salt marsh or eelgrass beds (Dickens, 1961).
Granted, eelgrass and salt marsh are highly pro-
ductive systems, yet it must be taken into con-
sideration what is lost in the watershed in order
for a gain to occur in the tidelands.

Netarts Bay, in its relatively pristine state
has suffered from many of these disturbances.
Logging and road building probably play a major
part in the "filling in" of the bay. Recreation
at the bay is a major activity and sometimes a
destructive one. One 3-acre area of eelgrass bed
was nearly destroyed by people digging for clams;
salt marsh became full of trails and trampled
during the summer because of its use as a hiking
area. Several in our group observed that many
people paid little attention to clam limits. By
no means is it advocated that use of the bay and
watershed cease - this would be impractical. Yet,
something must be done, and soon. Oregon has very
few estuaries and even fewer as pristine as
Netarts Bay. These ecosystems are needed for
study, not only from a basic research viewpoint,
but from a practical one as well. Now is the
time to take action, or unfortunately we may find
it too late to save anything worthwhile.
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BAY SEDIMENTS

INTRODUCTION

The sediments of Netarts Bay have been studied

by Hunger (1966) who examined the distribution of

Foraminifera in relationship to the sedimentary

environments and by Glanzman et al. (1971) who

studied the tidal hydraulics and water quality of

the bay and their effects on the substrate.

These studies consisted of 36 and 20 randomly
slected stations, respectively.

The present study deals with the nature and
distribution of the recent sediments of Netarts

Bay and attempts to describe the relationships of

the organic carbon content and sediment texture of
the sediment to the hydrography of the estuary.

The sediment texture, organic carbon, and gross

mineralogy were determined for surface samples

which were collected from 100 stations in the bay.

The surface sediments are composed of very fine
sands and silts at the head and along the eastern

margin of the bay, fine sands on the central tide

flats, in the channels, and along the southwestern

margin, and medium sands at the mouth. The sands
are derived from the beaches adjacent to Netarts

Bay while the silts are similar to the sediments

of the watershed. Four sediment facies occur in
Netarts Bay. The mouth and the northern part of

the main channel represent a consistent, high

energy environment characterized by very well

sorted sands. Fine-grained sands occur in the

main channel and over much of the tidal flats and

represent variable, moderate-energy environments.

Very fine-grained sands and silt is confined to

the head of the bay and along the eastern shore

due to consistent low current velocities. Very
fine-grained sands and silts occur on the main

sand flats where dense stands of eelgrass are
present. In spite of the moderately high-energy
tidal currents that flow over these surfaces, the

eelgrass stands act as sediment traps.

Organic carbon has an inverse relationship to

sediment size and reflects the proximity of bio-
logical production and the energy of the environ-
ment.

MATERIALS AND METHODS

Sediments samples were taken concurrently at
all benthic invertebrate stations and selected

botanical stations by Bartlett, Stout, and Wilson
(of this study) during summer 1975. A 38 ml (10
Dram) plastic snapcap vial was pushed along the

surface of the substrate at a depth of 1 cm until

the vial was one-third full. The samples were

then stored in a cool place until processed.

Organic Carbon 

The percent organic carbon in each sample was
determined by subtracting the amount of carbonate

carbon from the total carbon in the sample. The
carbonate carbon is considered to be in the form

of calcium carbonate. Approximately 1 gm of
material each was utilized for the determination

of the carbonate carbon and total carbon with a

WR-12 Automatic Carbon Determinator (Laboratory

Equipment Corporation). Two randomly selected

samples were run for each station. If the re-

sults of the two samples showed a significant

variation (.±. 0.05%), a third analysis was made

and the closest two samples averaged.

Grain Size Analysis 

In order to oxidize all organic material and to
insure the dispersal of each sediment grain

approximately 10 g of sediment was placed in an

250 ml wide mouth bottle. The sediment was

covered with a 15% solution of H
2
0
2 

and allowed

to stand at room temperature until any efferves-
cence had ceased. This took from 24 hours to

several days. When all effervescence had ceased,

50 ml of 35% H202 was added to each bottle and

placed in a heating bath or shaker table at

80-90°C. The samples were heated for four to six

hours depending on the amount of oxidation taking
place. They were then removed from the bath or

shaker table and allowed to stand at room tempera-
ture for 24 hours to insure that all fine sedi-

ment had settled. The 50 ml of exhausted 35%

H202
 was withdrawn with a vacuum suction assembly

and replaced with 50 ml of fresh 35% H 202 . The

samples were then heated again for two to three

hours. Samples with large sediment aggregates
were placed in the heated shaker table. After '

oxidation and dispersal each sample was washed

with six changes of 200 ml of distilled water.

The wash water was withdrawn from each bottle with
a candle filter (pore size 2u).

After each sample was washed, it was wet seived

through a 0.031 mm stainless steel seive. Appro-

ximately 700 ml of distilled water, in a squirt

bottle, was required. The filtrate, containing

the sediment fraction less than 0.031 mm, was
washed into a graduated cylinder and the volume

adjusted to 500 ml for pipette analysis. The

coarse fraction (sediments greater than 0.031 mm)
was washed into a drying dish and dried at 60°C.

The dried sediments were weighed and placed into
vials for subsequent grain size analysis by

settling through a 210 cm tube.

The fine fraction (less than 0.031 mm) was
analyzed at 5.0 phi, 6.0 phi, and 7.0 phi accord-
ing to the pipette technique of Galehouse (1971).
However, in the present study, a 500 ml fluid

volume rather than 1000 ml fluid volume was

utilized in the graduated cylinder. The study

of the size distributions was terminated at a

lower limit of 7 4) (0.016 mm) because portions of
the sediment finer than 7 4) are likely to have

been deposited in a flocculated state (Folk,

1974, p. 18) and therefore do not reflect deposi-

tional processes.

Grain-size frequency distributions of the
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coarse fraction (greater than 0.031 mn) samples

were determined with an automatic particle size

analyzer similar to that described by Gibbs (1974).

Sediment samples weighing approximately 700 mg are

introduced at the top of the 210-cm-long settling

sediment on a pan at the bottom of the tube is

recorded by a top-mounted strain-gauge and read
out against time on a strip chart recorder.

The phi percents included in the fine fraction

(less than 0.031 mm or 50) were determined by

graphical interpolation of the results of the
pipette analysis. Of the 99 station samples

analyzed, 40 had fine fractions (less than 0.031

mm or 50) of greater than 5% by weight of the total
sample (coarse [greater than 50] plus fine (less

than 50] fractions). These 40 samples required

graphical interpolation. The pipette analyses

allowed weight-percent calculations to be made

for the 59, 69, and 70 parameters. The weight-

percents were plotted against the phi units and

a straight line fitted through the three points.
The required phi percentages were then calculated

from this figure. Generally only 095 was requir-

ed. In eight of the 40 samples 084 was required.

In five of these eight samples, 075 was also

interpolated.

The results from the settling tube were manu-
ally digitized and provided a continuous cumula-

tive curve of grain size against weight-percent

once the settling velocities were converted to

equivalent grain sizes according to Gibbs et al.

(1971). The settling times were calculated for
all the phi percentages included in the coarse

fraction (greater than 0.031 or 50). In 60 of the
station samples this included 05 through 095. In

these calculations, the coarse fraction (greater

than 5c) was considered as a weight-percent of the

total sample (coarse [greater than 50] plus fine
[less than 59] fractions). The phi units for each

phi percentage were calculated from the settling
times according to the method of Gibbs et al.
(1971).

After the phi units for each phi percent

(95, 016, 925, 050, 975, 084, 095) had been cal-
culated a textural parameter analysis was made

according to the method of Folk and Ward (1957).

The phi mean, sortin g , skewness, and kurtosis

values of sediment grain size were determined for
each station.

RESULTS

The results from the determinations of organic

carbon are shown in Table 17. The total carbon
varies from 0.045 to 5.57%. Carbonate carbon

ranges from 0.00 to 3.69% but is less than 0.05%
at 68 of the stations.

Organic carbon varies from 0.03 to 3.437%.

Values are generally lowest in the sands in the

northern-half of the main channel, along the
western margin of the bay, and in the central-bay
tide flats (Fig. 13). The highest carbon values
are associated with the fine sediments at the

southern end of the bay and along the eastern
shore up to the town of Netarts (Fig. 13).

The results from the determinations of sedi-

ment texture are shown in Table 17. The Phi (0)

units referred to in this table are a logarithmic

transformation of the grain size where Phi	 -Log2

(Diameter in millimeters). The transformation is

made to facilitate statistical analyses (Krumbein,
1936). A conversion graph for Phi and millimeters

is shown in Figure 14.

The MEAN value is essentially a measure of

average glie in Phi units, and is close to the

mean as computed by the method of momments (Folk,

1974). The SORTING value is a measure of the
uniformity of the sample and measures, in phi

units, the spread in the size distribution (Folk,

1974). The SKEWNESS value is a measure of

asymmetry and indicates whether there is an
excess of fine (+) or coarse (-) sediments in the

tails of the size distribution (Folk, 1974). The
KURTOSIS is a measure of peakedness and measures

theratio between the sorting in the tails of the

curve and the sorting in the central portion of

the curve; the departure of the sample from the

Gausian normal probability curve (Folk, 1974).

In general, the substrate of Netarts Bay can

be divided into four sedimentary environments

(Fig. 15) and three physical environments (Fig.

16). Medium sands (Wentworth size class) are

found at the mouth, fine sands form the substrate

in the central and southwestern regions, fine

sands characterize the channels, while very fine
sands and silts predominate along the southern-

half of the eastern shore and at the head of the
bay. Silty sands (Folk, 1974 classification) are

found at stations 36-38, 44, 54-57, 70, 92-99,

102, 116, 124, 144, 157-160, 164 and 169. Sub-
angular to round basaltic granules and pebbles up

to 5 mm in diameter were collected from the
margin of the main channel at stations 22, 37, 38,

56, and 68 (Fig. 3, Main Station figure).

Mica becomes an important part of the sediment

from station 36 to the head of the bay. Kulm and
Byrne (1967) indicate that the first appearance

of mica marks the beginning of the influence of

terrigenous sources.

The medium sands at the mouth are very well

sorted and generally coarse skewed. The fine

sands found in the main channel are very well

sorted and coarse skewed in the upper one-half

of the bay and very well sorted and near sym-

metrical in the southern half. The fine sands

on the central tidal flats and along the western

margin include very well and poorly sorted, coarse

to strongly fine skewed sediments. The very fine
sands and silts found along the eastern shore and

at the head of the bay are moderately to very

poorly sorted and fine to strongly fine skewed.

The skewness values increase toward positive
values from the main channel to the shores of the
bay and from the mouth to the head of the bay.

The sand grains found in the bay are generally
polished and angular to rounded with the majority

being sub-rounded (Classification described by

Pryor, 1971).

Normal plots of phi units of 05 through 075
percent intervals show that the observations within

each interval are very nearly distributed in a
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TABLE 17. Textural Sediment Parameters and Weight Percentages of Carbon in Netarts Bay Sediments.

STATION

NUMBER 

TEXTURAL SEDIMENT PARAMETERS 	 WEIGHT PERCENTAGES OF CARBON

Mean*	 Sorting*	 Skewness	 Kurtosis	 Carbonate	 Organic	 Total

Carbon6	 Carbon	 Carbon

14 2.14 .16 -0.054 1.15 0 .0850 .0850

15 2.14 .16 .016 1.11 .1654 .0352 .0550
16 2.08 .20 -0.075 1.21 .1234 .2302 .2450
17 1.98 .19 -0.145 .92 .0414 .0400 .0450
18 2.02 .14 .272 1.12 .0823 .0551 .0650

19 2.12 .20 -0.190 1.16 .0828 .0751 .0850
20 2.13 .18 -0.084 1.09 .1241 .0351 .0500
21 2.35 .40 .278 1.74 .4111 .1307 .1800

22 2.07 .72 -0.172 2.34 30.7640 1.8786 5.5700
22A-B 2.50 1.20 .091 1.93 25.4309 .9435 3.9950
22B-B 2.44 .54 .467 2.13 .7145 1.4993 1.5850

22C-B 2.76 1.21 .644 2.07 1.0730 1.3463 1.4750

29 2.21 .16 -0.186 1.19 .2893 .0603 .0950

30 2.17 .16 -0.029 1.13 .0825 .1251 .1350
31 2.17 .15 -0.078 1.37 .1654 .0652 .0850
32 2.20 .16 -0.025 1.10 0 .0750 .0750

33 2.22 .41 .383 1.97 .1641 .7236 .7433

34 2.07 .15 .272 1.07 0 .0550 .0550
35 2.01 .14 .186 1.08 0 .0600 .0600
36 3.55 1.72 .727 1.78 1.0300 .6864 .8100

37 4.47 2.85 .773 1.08 1.3166 2.1420 2.3000

38 4.61 2.38 .528 .74 .8808 2.2743 2.3800
38-B 2.41 .65 -0.085 2.96 1.0542 .5585 .6850
38A-8 2.63 .43 .357 1.65 .9022 3.4367 3.5450

38B-B 3.97 2.15 .871 .97 .8584 2.2870 2.3900

38C-B 3.44 1.53 .759 1.98 1.3387 1.8044 1.9650

380-B 3.19 1.30 .730 2.36 1.9304 1.9884 2.2200

44 2.75 1.15 .815 5.76 .1622 .6755 .6950

45 2.24 .57 .516 6.43 .2036 .6206 .6450

46 2.44 .34 .318 1.68 .1231 .3602 .3750

47 2.42 .50 .547 2.73 .2036 .6506 .6750

48 2.25 .20 .120 1.32 .0824 .2451 .2550

49 2.31 .42 .481 3.26 .0402 .4952 .5000

50 2.29 .14 -0.070 1.23 .0825 .0951 .1050

51 2.20 .15 -0.096 1.25 .2478 .0303 .0600

52 2.18 .14 -0.110 1.12 0 .1200 .1200

53 2.32 .27 .308 1.92 .0819 .2152 .2250

54 2.21 1.05 .632 15.33 .2478 .0453 .0750

56 2.94 1.41 .713 1.60 .7984 1.3892 1.4850

57 2.57 .43 .364 3.02 .3287 .2206 .2600

65 2.32 .79 .509 6.82 .3660 .5861 .6300

66 2.42 .66 .632 '	 3.26 .4477 .6763 .7300

67 2.33 .21 .059 1.40 .3712 .1205 .1650

68 2.34 .26 .141 1.30 .2870 .3606 .3950

69 2.37 .44 .466 2.63 .2448 .5006 .5300

70 2.80 1.26 .819 3.66 .2438 .8857 .9150
71 2.33 .49 .543 3.24 .4498 .3810 .4350

72 2.03 .17 -0.124 1.36 .4552 .0454 .1000
73 2.21 .18 -0.157 1.09 .2478 .1403 .1700

75 2.30 .15 -0.290 1.23 .0827 .0651 .0750

75 2.50 .36 .145 1.61 .4115 .1606 .2100
76 2.58 .68 .439 5.40 .2437 .5308 .5600
91 2.34 .45 .332 3.93 .1235 .4452 .4600
92 2.69 1.04 .791 5.83 .3250 .5860 .6250

93 2.94 1.40 .849 5.88 .3223 .7763 .8150
94 2.72 .97 .747 3.31 .4428 .8769 .9300

95 2.74 1.00 .743 4.29 1.0441 .9597 1.0850
96 2.87 1.20 .797 4.42 .6826 .9231 1.0050

97 2.42 .42 .455 2.17 .4493 .5111 .5650

98 2.53 .34 .222 1.62 .2051 .2904 .3150

99 2.96 1.31 .581 2.00 1.1474 1.7173 1.8550

100 2.59 .57 .288 1.46 .5745 .4361 .5050

101 2.69 .58 .524 .162 .4103 .2808 .3300

102 3.98 1.58 .249 1.06 .4805 .7223 .7800
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TABLE 17. Continued.

STATION

NUMBER 
TEXTURAL SEDIMENT PARAMETERS 	 WEIGHT PERCENTAGES OF CARBON

Mean*	 Sorting*	 Skewness	 Kurtosis	 Carbonate	 Organic	 Total

Carbons	 Carbon	 Carbon

114 2.26 .19 .133 1.33 .3280 .4056 .4450
115 2.17 .21 .073 1.37 .2850 .2908 .3250
116 2.34 1.12 .671 8.43 .4470 .6314 .6850
118 2.21 .32 .097 2.60 .9234 1.1792 1.2900
119 2.40 .18 .055 1.12 .4539 .1555 .2100
120 2.40 .17 -0.036 1.04 .4132 .0404 .0900
121 2.53 .76 .520 3.40 .5359 .2407 .3050
122 2.44 .20 .020 1.06 .3709 .1805 .2250
123 2.49 .39 .413 1.20 .3276 .3557 .3950
124 3.70 1.42 .124 1.17 .6292 1.4345 1.5100
125 2.83 .93 .708 1.45 .7262 .8079 .8950
126 2.85 .95 .705 1.56 .6401 1.0032 1.0800
127 3.30 .90 .126 .95 .5633 .8774 .9450
136 2.12 .17 .120 .85 .2067 .1402 .1650
137 2.25 .53 .413 4.83 .4103 .4308 .4800
138 2.61 .59 .571 2.45 .4098 .3458 .3950
139 3.13 .87 .382 1.21 .6836 .9180 1.0000
140 2.93 1.08 .733 2.06 .6035 .8476 .9200
141 3.06 .85 .491 .71 .4827 .9821 1.0400
142 2.81 .86 .671 3.05 .4089 .3609 .4100
143 2.85 .93 .583 1.61 .5688 .5418 .6100
144 4.84 1.69 .505 1.53 .6655 1.3701 1.4500
154 2.24 .14 -0.065 1.16 .0413 .1450 .1500
155 2.27 .15 .099 1.19 .2890 .1503 .1850
157 2.61 1.01 .669 5.09 .4876 .6615 .7200

158 5.66 2.78 .554 .63 1.4874 2.6515 2.8300
159 3.30 1.02 .349 1.62 .6002 .9730 1.0450
160 2.91 1.05 .693 2.02 .6788 .9386 1.0200
163 2.24 .17 .061 1.07 .2480 .0952 .1250
164 3.01 1.21 .850 3.63 .5267 .6068 .6700
169
171

3.24 1.54 .851 2.53 .5245

.0467
.7521

1.5290

.8150,
1.5850

* Parameter is in PHI units, after Folk (1974)

-B Indicates botanical station

A Expressed as % CaCO 3 (atomic weight of CaCO 3 = 102.0894 of which 11.765% is C).
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normal manner. However, plots of the phi units in
the 084 and 095 percent intervals show the exis-

tence of two noriati distributions within each

percent interval. Histo-grams were constructed
for 084 and 095 intervals and emphasize this

point (Fig. 18).

An inverse relationship exists between organic
carbon content and mean sediment diameter (Fig.

17). This relationship has a correlation co-

efficient of 0.683. A regression analysis of both

05 and 095 against organic carbon show not only

this inverse relationship, but also that organic
carbon has a much higher degree of correlation

with the fine sediments in the 095 interval than

with the coarse sediments in the 05 interval
(Table 18).

Table 18. Textural Differences Between 05 and

095 Intervals.

4)5	 095

Maximum Phi Value:
	

2.63	 11.05
(fine sand)	 (clay)

Minimum Phi Value:
	

0.43	 2.26
(coarse sand) (fine sand)

Correlation Coefficient: 	 0.111	 0.671

DISCUSSION

The high values of carbonate carbon observed

are associated with areas having large, abraded

shell fragments. These fragments composed mainly
of calcium . carbonte are generally abundant in areas
of fine sands where high mollusc (clam) populations

occur. Hunger (1966) suggests that the shell

fragments may also be concentrated by the winnow-

ing away of sand-size and finer-grained sediments.

The organic carbon distribution observed (Fig.
13) reflects to a great extent the physical velo-
cities and currents of longest duration occur,

organic matter is either transported away from

the site or oxidized. A combination of both of
the processes probably occurs. The finer parti-
culate organic matter is rapidly transported out

of Netarts Bay on ebb tides or distributed to the

tide flats on the flood tides. Larger particles

are probably both oxidized and gradually abraded
into smaller particles.

The high organic carbon content of the sedi-

ments observed along the eastern shore and at the
head of Netarts Bay can be explained in a similar

fashion. Current velocities are low near the head
of the bay. Consequently, this part of the bay
acts as a sink for particulate organic matter.

This material is carried in on flood tides, depo-

sited during slack periods, and since a greater
amount of energy is required to resuspend a

particle than to transport it the particle remains.
The high organic concentrations along the eastern

shore may be due to a combination of terrigenous

organic inflow and low current velocities. Newell
(1970) has summarized the work of various authors

and shows that fine-grained sediments can have
artificially high organic carbon contents. The

large surface areas provided by these sediments

increases the surface adsorption of particulate

and sub-particulate nutrients and enhances the

development of large numbers of heterotrophic

micro-organisms. These studies also show that

bacteria can become firmly attached to sand

grains and that intertidal sands represent ideal

conditions for bacterial growth.

The four sedimentary facies observed in Netarts

Bay are related to the physical characteristics
of not only the bay, but also of the watershed.

According to Folk (1974) the mean sediment size

observed is a function of the size range of the

available materials, and of the energy environ-

ment in which the sediment occurs. The trans-

porting medium (energy) in Netarts Bay is supplied
by tidal and wind generated currents and turbu-

lence. Thus near the mouth of the bay the more
coarse sands are observed with a general tendency

in size reduction towards the head of Netarts

Bay. Stronger currents occur near the mouth and

transport the larger particles, supplied by the

ocean beaches outside into the bay. The very
fine sands and silts near the head and along the

eastern shore suggest that the small streams

which occur here are supplying the fine-grained
material to the bay. This is supported by the

micas present in the sediments. This material

settles out quickly in the low energy environments

which characterize this part of the bay. The

absence of these sediments along the western shore

is probably due to a lack of source as opposed to

an energetic environment (Hunger, 1966) and to

dilution by beach sands. Hunger (1966) observed

that the narrow sand strip which occurs here may

be a function of a high sand input from the re-

latively barren dunes which occur here. The

sorting value, according to Folk (1974), (i) de-

pends again on the size range of the material,
(ii) the type of deposition. Whether the sedi-
ments are layed down in a thin, sheet-like

manner, or simply dumped and then quickly buried,
(iii) characteristics of the current (strength)
or transporting mechanism. Constant velocity

(high or low) currents will give better sorting
than highly variable currents. The best sorting

currents are of intermediate and constant velo-

city; (iv) areas receiving little sediment will

tend to be better sorted than areas having a

continuous supply of foreign sediments.

The very well sorted sands which occur both at
the mouth and in the channel are indicative of the

rather constant current velocities which occur

here and the deposition of sediments in a sheet-

like manner rather than being dumped. On site

observations suggest that the tidal flats empty
of water over a relatively short period such that

the currents are not only variable in strength,
but also in periodicity. This would help explain

the high variability in the sorting values ob-

served on the tide flats, along the shores, and
at the head of the bay. Single source sediments

(beach sands) generally have near-normal distri-

butions whereas multiple sources (mixtures of

beach sands and bay silts) show a pronounced

skewness (Folk, 1974). The positive increase in
skewness from the mouth to the head of Netarts

Bay, and from the channel to the shores reflect
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both a reduction in current strength and the in-

fluence of the high terrigenous sediment input

along the easterh shore and at the head of the

bay. The silty sands observed at stations 92 to

99, 116, 157 to 160, 164, and 169 reflect the
presence of dense stands of eelgrass (Fig. 10).

These stands act as sediment traps, by reducing

the current velocity and thus allowing the finer

sediments to settle out. The silty sands ob-

served at stations 36-38, 44, 54-55, 102, 144
reflect their proximity to terrigenous sources
of fine particulates.

Folk (1974) points out that transport has little
effect on the reduction of sand-sized quartz.

Thus the variations observed are primarily due to

selective sorting where the fine sediment is

carried and/or deposited by the weaker currents

and the more coarse sediment is carried only by

the strong currents. The abrasion caused by the

transport of the sand does cause rounding, how-

ever, the first stage in the rounding of sands is

the polishing of the surfaces of the grains by

smoothing of any tiny irregularities (Folk, 1974).

The histograms for 084 and 095 intervals show

biomodal distributions for each interval. This

indicates that the sediments are probably derived

from at least two different sources. According to

Folk (1974) a single source sediment tends to have
a normal distribution. The sediments contribution

to the 084 and 095 fractions of the samples reflect

both the influence of sand and of silt especially

the 095 interval. Hunger (1966) found the sand

grains of Netarts Bay and of the ocean beaches on

the western side of sand spit to be indistinguish-

able. He suggests that the common characteristics
indicate that most of the bay sands are derived
from the ocean beaches via the main channel.

The inverse relationship observed between

organic carbon and grain size reflects the depo-

sitional processes characteristic to each of these.

Krumbein and Caldwell (1939) in Baratania Bay,

Louisiana and Lidz (1965) in Nantucket Bay,

Massachusetts have observed this relationship.
In low energy environments one finds finer grained

sediments and high organic carbon deposition if

there is a source for the organic carbon. Whereas

in high energy environments, coarse-grained sedi-

ments can resist erosion (as well as consolidated

fine sediments) and most organic material is

carried away or oxidized. Hunger (1966) observed

this relationship in Netarts Bay. However, his

relationship showed a higher correlation than
that of the present study. This may be due to the

large number of stations occupied in the present

study which had dense stands of eelgrass. Eel-

grass fragments included in the analysis would be
reflected by higher organic carbon contents.

Glanzman et al. (1971) took sediment samples
for grain size analysis from 20 stations in Netarts

during summer (June) and winter (October) condi-

tions. Their summer data, at comparable stations,
are similar to those of the present study. The

2.5 Phi isopleth of the present study is also
similar to that observed by Hunger (1966) who

sampled in July. That three studies over nine

years apart should have very similar summer sur-
face sediment textural parameters attests to the

seasonal stability of the physical processes in

Netarts Bay and its watershed. In the October

samples taken by Glanzman et al. (1971) coarser

surface sediments were observed throughout the

bay as compared to the surface sediments observed

during the summer. They indicate that this might

be due, in part, due to extremely large tides

which occurred along the coast in the week pre-

ceeding the sampling program. One might expect

a coarser surface sediment during the winter be-

cause of current inhancement which occurs through-

out the bay due to the high freshwater run-off

generally experienced during the winter. The

freshwater would effectively increase flushing
and enhance the removal of finer grained
material.

Glanzman et al. (1971) found that between 1957

and 1969 there had been an overall 10% decrease

in bay volume. This supports the statement by

Dicken (1961) that "Netarts .Bay is gradually fill-

ing in."

SUMMARY

The sediments of Netarts Bay are composed of
very fine sands and silts at the head and along

the eastern margin, fine sands on the central

tide flats, in the channels, and along the south-

western margin, and medium sands at the mouth.

The sands are generally derived from the beaches

adjacent to Netarts Bay while the silts which are
a function of a low energy environment are similar

to the sediments from the watershed. Four sedi-

ment facies are seen in Netarts Bay. The mouth
and the northern part of the main channel repre-

sent a consistent, high energy environment chara-
cterized by very well sorted sand. Fine-grained

sands are found in the main tidal channel, and

over much of the tidal flats; essentially over

approximately 70% of the bay. Very fine-grained
sand and silt is confined to the head of the

bay and the eastern shore due to low current velo-

cities which allow the fines to settle out. Very

fine-grained sediments and silts are prevented

from settling on the main sand flats, except

where dense stands of eelgrass are present, by the

moderately high-energy tidal currents that flow

over their surfaces.

Carbonate, as calcium carbonate, seems to be

an unimportant feature of the sediments, although

it is concentrated in areas of high clam densi-

ties.

The organic carbon content of the sediments

reflects the proximity of source areas (biological

production in the bay, watershed, and human in-

puts) as well as the energy of the environment.

Organic carbon has an inverse relationship to
sediment size.

Eelgrass stands trap finer sediments in areas
where coarser sands predominate.
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HYDROGRAPHY, HYDROLOGY, AND WATER QUALITY

INTRODUCTION

The on-going physical processes of fresh water

inflow and tidal action which shape the bottom and

surrounding shores of Netarts Bay also determine
the types of animals and plants which are found in

there. Sediments and inorganic nutrients derived

from the watershed and the ocean are carried into

the Bay and dispersed by tidal and wind generated
currents. The same physical processes of tidal

action and currents which transport and distribute

sediments in Netarts Bay also carry nutrients for
the plants and animals in the form of dissolved
solids (inorganic compounds such as minerals) and

organic matter (large organic particles and mole-

cules). Wastes are removed from Netarts Bay by

these same processes. It is essential then to

Netarts Bay, to understand its tidal hydraulics

and hydrology.

Glanzman et al.	 (1971) have made a compre-

hensive study of the tidal hydraulics and hydro-

logy of Netarts Bay. The present discussion is

based to a large degree, on their work and that of

Boley and Slotta (1974). The tidal hydraulics in-

cluding elevations, times, currents will be

examined and supplemented with ocean-bay water

exchange and bottom current studies performed

during the summer of 1975. The presence of waves,
both offshore and within Netarts Bay will be re-

viewed. The data concerning the climate of and
run-off into Netarts Bay are also discussed.

HYDROGRAPHY

Tides

Elevations 

A means of predicting tidal heights at Schooner

was derived by Glanzman et al. (1971) based on the

known heights at the Newport tide recorder (Marine

Science Center). The corresponding elevations of
tidal heights for Newport and Schooner are shown

in Figure 19. With the aid of this figure it is

possible to predict the elevation of high or low
water at Schooner if the elevation at Newport is

known.

A choking coefficient of 0.81 was calculated

when the tidal observations at Schooner were com-
pared to those of Newport. The choking coeffi-

cient is defined as the ratio between the tide

range at Schooner and the tide range at Newport.
It essentially indicates the relative reduction in

the ocean tide wave due to its passage into an

area of different bathymetric properties. The
tide, as measured at Newport, is considered to be

representative of the tide wave which progresses

along the coast. Thus a range of 5.62 feet (1.71
m) or approximately 81% of the average tidal
range of 6.92 (2.11 m) feet at Newport is observed

at the Schooner. Glanzman et al. (1971) indicate
that most of the choking occurs in the entrance
channel of Netarts Bay.

Times 

Glanzman et al. (1971) have developed a means

to aid in the prediction of times of high and low

waters in Netarts Bay based on Newport (see

Fig. 20).	 They point out that "The major part

of the time lag is due to friction in the Netarts
Bay entrance channel since indications are that

the tide wave requires only about 8 minutes to
travel the distance from Newport to Oceanside...

The major part of the tidal amplitude choking
observed at Schooner also takes place during times
of low water characterized by high frictional

effects." In order to predict accurately high and
low waters at Schooner, Netarts Bay Figure 20 and

ESSA tide predictions for Newport (obtainable at

the Marine Science Center) are used.

Elevations within Netarts Bay 

Within Netarts Bay itself, Glanzman et al.

(1971) measured the tidal ranges and times at both

Schooner and Whiskey Creek over a 14 day period.

A choking coefficient of 0.86 was found for the

tidal ranges between Schooner and Whiskey Creek

(range: 0.70 to 1.00). One is therefore able to

calculate tidal ranges at Whiskey Creek based on

the observations at Schooner.

Further studies by Glanzman et al. (1971) in-

dicate that approximately 76% of the ocean tide

range can be expected in Netarts Bay at Whiskey
Creek. "A total time lag for high and low waters

to proceed from the ocean through Netarts Bay to

Whiskey Creek of about 92 minutes" was calculated

by Glanzman et al. (1971). This is fairly re-
presentative of existing conditions.

However, the ranges and time lages calculated

by Glanzman et al. (1971) should be expected to

vary through time due to changes in the bathy-

metry of Netarts Bay.

Tidal Currents 

Measurements by Glanzman et al. (1971) indicate

that there is a 25% smaller current near the

bottom (80% depth) than near the surface (20%
depth). They conclude that the bay is vertically

well mixed and not subject to gradients in cur-

rent velocity due to stratification.

Most of the water is transported in the

channels; the tidal flats acting as storage
areas. "Flows onto and off of the tidal flats

are sometimes almost perpendicular to the main

channel flow."

The measurements by Glanzman et al. (1971) also

showed that there is a phase lag of almost 90°

between tidal heights and currents. This means
that slack water occurs at a location soon after

high or low water occurs at the same location.
This 90° phase lag is typical of standing waves

and also occurs in Yaquina, Alsea, and Siletz
estuaries (Goodwin et al., 1970). Glanzman

et al. (1971) found that ebbing periods are
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longer than flooding periods in Netarts Bay.

Even longer ebbing periods can be expected during

periods when freshwater runoff into Netarts Bay

is at a maximum.

Surface current velocities were measured be-

tween the small boat basin and entrance of Netarts
Bay, over the main channel by Glanzman et al.

(1971). They found velocities of between 1 ft./

sec. (30.5 cm/sec) to 2.1 ft./sec. (63.5 cm/sec)
occurred there.

Bottom Drifter Studies 

The bottom currents of Netarts Bay were studied

by Boley and Slotta (1974) with the aid of Wood-

head-type bottom drifters (Boley and Slotta,

1974). During the summer of 1971 bottom drifters
were released inside the mouth of the bay at high

tide (slack, ebb begins) and outside the mouth

during a flooding tide. Of the 86 drifters re-
covered, 12% were found within the bay, 74% of

the recovered drifters were found on the beaches

north of the bay entrance and 14% were found on

the ocean side of the sand spit south of the bay
entrance. These studies indicated that the pre-
dominant direction of bottom currents and drift

from Netarts Bay (near the entrance) was out of

the bay and that littoral drift was northerly

regardless of tide stage.

During the present study 30 Woodhead-type

bottom drifters were released at stations 2 and

123 (see Fig. 21). Fifteen drifters were re-

leased at station 2 near the bay entrance on a

flood tide to determine if any would remain within

the bay over a series of tidal cycles. Of the 12

drifters recovered 33% were found along the north-
east shore within the bay, 17% were found south

of the entrance along the northern ocean edge of

the sand spit, and 50% were found at the Cape

Lookout State Park Beach (see Fig. 21).

The remaining drifters were released at station

123 opposite the mouth of Whiskey Creek also on

a flood tide. Of the 8 recovered, 75% were found

near the release point, and 25% outside the bay,
on the oceanside of the spit, south of the bay
entrance (see Fig. 21).

All the drifters that were released at station
2 were recovered outside the bay and were found

one day after release. Those drifters at

station 123 and recovered outside the bay were
found two days after release.

These studies suggest that the predominant

bottom flow at the mouth even during the summer

when little freshwater augments the ebb tidal

flow, is out of the bay. However, since Netarts
Bay is a well-mixed estuary, one can assume that

the mean flow is seaward throughout all the cross
sections of the estuary. The recovery of ten

drifters south of the entrance along the sand

spit suggest that littoral drift was predominant-
ly to the south during early August 1975. These
observations support the findings of Kulm and

Byrne (1967) and of Glanzman et al. (1971). The

six drifters released and recovered near station
123 suggest two possibilities. First, bottom

flow in the southern part of the bay is in

equilibrium during this part of the summer with
no net gain or loss of materials. Secondly, these

drifters may have been trapped by the eelgrass

which is abundant at this station and prevented

from drifting out of the bay. This would indicate

a net flow seaward. The latter explanation may be

the more acceptable since two drifters released

at station 123 were recovered south of the entrance

on the ocean side of the sand spit.

Waves

This information is taken directly from the

report of Glanzman et al. (1971): "The data on

wave direction, height and period obtained by
National Marine consultants using hindcast techni-

ques are generally used for the Oregon coast, but
these data are open to considerable criticism.

Glanzman et al. (1971) found 'the most frequently

occurring summer conditions are swell from NW-W
and sea from N-NW. In the winter the swell comes

mainly from NW-W while the sea mainly comes from

SW-SSE. The highest average waves hindcasted

were the winter seas from SW-SSE (7.9 ft. (2.41 m)
wave height), while the longest average waves

hindcasted were the autumn swell from NW-W (10.8

sec. wave period). Against the predominant swell
from NW-W and N-NW Three Arch Rocks offers con-

siderable protection for the Oceanside shore and

the Netarts Bay entrance.'

"The dominant swell direction from NW-W would

indicate a most frequent (but not necessarily
grestest intensity) longshore coastal transport

from the North to the South due to wave currents.

Such a transport was observed on an ebbing tide

11 July 1970 from drift card release."

Kulm and Byrne (1967) found that although long-
shore transport is seasonal along the Oregon

coast, the dominant drift is southward especially

in the vicinity of Yaquina Bay (approximately 55
miles south of Netarts Bay). Their findings

support those of Glanzman et al. (1971).

"Inside Netarts Bay the most significant waves

would occur near Schooner at high tide with a
strong SSW wind. Using a fetch of 4 miles (6.44

km) and a wind strength of 60 mph (96.56 kmph) in
empirical formulas by Bretschneider and Saville,

a significant wave height of 5 feet and a signi-

ficant wave period of about 4.4 seconds result.
In order to achieve these wave conditions the

60 mph wind would have to blow for at least 45
minutes. To have a 60 mph wind from the S-SW

blowing for 45 minutes is a very rare circumstance

certainly, but not completely unlikely."

"The more common 13-31 mph (20.92-49.88 kmph)

summer winds from the NW (see Hydrology section)
will, in general, cause a maximum significant

wave height of approximately 1.3 feet (39.6 cm)
inside Netarts Bay."

Tidal Flushing 

Based on the physical characteristics of
Netarts Bay (as summarized by Boley and Slotta,

1974) the flushing time for the bay can be
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calculated. The flushing time is defined as the

time required for the removal of some added
material (for example, fresh water or a pollutant)

from the estuary or in this case Netarts Bay.

The classical tidal prism method for estimating

flushing times (Bowden, 1967; Ketchum, 1951) will

be employed for Netarts Bay. This method is

based upon the assumption that all the water
entering the estuary on the flood tide (the tidal

prism) completely mixes with the water in the
estuary (the low-water volume). River flow is

disregarded.

Flushing Calculations 

Volume of tidal Prism (between MLW & MHW):

33.2 x 10
7
 ft

3
 (9.4 x 10

6
 m

3
).

Volume of MLW:

11.3 x 107 ft 3
 (3.2 x 10

6
 m

3
).

Tidal exchange Ratio (V tidal prism/V tidal
prism + V MLW) =

33.2 x 10
7
/44.5 + 10

7
 = 0.746.

Flushing time (1/0.746) = 1.34 tidal cycles

Ths assumption of complete mixing is justified
for Netarts Bay because of the physical charac-

teristics of and the tidal flows which occur in
the bay (this study). Freshwater flow into

Netarts Bay especially during the summer and
autumn, is negligible. During intense periods

of rainfall the flushing may be enhanced to a

small degree (Glanzman et al., 1971). However,

when complete mixing is not justified, the tidal
prism method only gives the lower limit of the

flushing time.

Since the tidal exchange ratio is 0.746, 74.6%

of the water in Netarts Bay would be renewed each

tidal cycle (this assumes that the entire tidal

prism is available for dilution in each tidal

cycle). These calculations are made based on the
mean tidal conditions (MLW and MHW) of Netarts

Bay. Marked variations in the tidal prism volume

and in the low tide volume occur especially during
spring tides when the tidal range becomes ex-

aggerated. Thus if a pollutant is continuously

discharged into the bay 25.4% of the effluent

discharged during a tidal cycle will remain. The
total volume of effluent remaining over the

long term would then be:

2	 3
M =	 Y	 Y

= Y (1-Ym)/1-Y

where y is the proportion of water not renewed in
a tidal cycle, and M is total effluent in the
area. For large m, M can be approximated M =

y/1-y, for y = 0.254 there will be 0.254 / 0.746 =
0.340. Thus, 0.340 times or 34% the effluent

load introduced in one cycle would be the steady
state concentration in the estuary.

HYDROLOGY

Climate 

Long term climatological data for Netarts and

Oceanside is not available. However, Glanzman

et al. (1971) compiled all the available data from

Tillamook and Astoria ranging from 1936 to 1968.

They supplemented these with data collected during

1969 and 1970 by personnel at the OSU Netarts Bay
Fisheries Laboratory. Their data indicated that

the precipitation at Whiskey Creek does not signi-

ficantly differ from that observed at Tillamook

and that the 1969-70 year was typical with regards

to the weather.

In general, the winds are from the northwest in

the summer and from the south in the winter.

Glanzman et al. (1971) determined that a net

normal annual water surplus of 72.4 in. (1.84 m)

occurs at Netarts.

Runoff 

The monthly inflows of freshwater to Netarts

Bay have been estimated by Glanzman et al. (1971).

Their data is based on precipitation records (in-

flow to water surface) and runoff from the
zpproximate 16 square mile (41.4 km2 ) drainage

basin of Netarts Bay. The annual inflow to the

water surface is approximately 13.5 ft 3/sec by

their estimation. Normal runoff from the land

was calculated as 90 ft 3/sec. These calculations

show approximately 104 ft 3 /sec freshwater inflow

to Netarts Bay. This is 75,293 acre-ft of fresh-
water annually. Percy et al. (1974, p. 294) have

calculated an annual freshwater inflow to Netarts

Bay of 42,000 acre-ft. Their calculation is

based on a drainage area of only 14 square miles

with an estimated average annual yield of 3,000
acre-ft./square mile. Glanzman et al. (1971)

conclude "that during times of heavy rainfall the

fresh water inflow to Netarts Bay is large enough

to affect the water quality in the upper bay and

cause a small flushing action. During the

summer, however, the fresh water inflow to Netarts
Bay is too small to affect the flushing of the

bay." General observations made during the sum-

mer of 1975 and during the floods of December

1975 support their conclusions.

A study was performed by Boley and Slotta

(1974) to determine the most acceptable location
for a domestic waste discharge for the communities

of Oceanside and Netarts. They conclude that an
open ocean discharge, to the west of Oceanside,

would be the most preferred from an environmental

standpoint. This discharge point would not alter
the present character of either the sediments or
water and would "assure proper water quality for

shell fisheries." and the other marine animals and
plants which occur in and are important to

Netarts Bay.

Mathematical Model of Tidal Flows 

In order to predict entrance channel flows and

tidal flows at Schooner (the Tillamook County
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Boat Landing) Glanzman et al. (1971) formulated a

mathematical model of the tides of Netarts Bay.
When the ocean tidal ranges and times of high

waters are known channel flows and tidal heights

at Schooner can be predicted. Based on two field

measurements, they conclude that agreement between
the model and reality is satisfactory.

WATER QUALITY

Glanzman et al. (1971) summarized all the

available data concerning the water quality of
Netarts Bay up to 1970. They found that the

estuary was well mixed throughout the year and

that thermal stratification, if it occurred, was

found at the mouth. Based on their studies and on
water quality data from the Oregon State Depart-

ment of Environmental Quality (DEQ) they found that
the bay water was entirely unpolluted from organic
matter and that dissolved oxygen concentrations
were consistently high. Fecal coliform bacteria

were measured during their study and in conjunc-

tion with data from the DEQ showed that relative

to other Oregon estuaries, Netarts Bay had extreme-
ly low concentrations. Indeed during the summer

fecal coliform concentrations were below detection
levels and did not indicate significant animal

contamination of the bay.

Data concerning the water quality of Netarts
Bay between 1970 and July 1975 were obtained from

the Oregon State Department of Environmental

Quality (1976). Since 1960 water from six stations

in Netarts Bay has been regularly sampled by the

DEQ and the salinity, pH, temperature, dissolved
oxygen, biochemical oxygen deman and fecal coil-
form concentrations determined. Of these para-

meters, the biochemical oxygen demand (8005) and

the presence of fecal coliform bacteria are useful

in monitoring the quality of the water. "Bio-
chemical oxygen demand (BOD 5 ) (generally defined
in terms of the oxygen required to satisfy bio-

chemical degradation of wastes in a water sample
over a 5 day period at 20°C) is the amount of

oxygen utilized in the biologically stabilizing
action of organic material. The total oxygen
demand consists of the biochemical oxygen demand
plus the oxygen required to stabilize reduced

chemical compounds such as hydrogen sulfide gas

produced in the bay muds. High BOD 5 in water is

generally accepted as evidence or organic pollution
while a low BOO

5 usually indicates a water body is

not seriously polluted with organic matter or that

previous pollution has been stabilized by natural
processes. It is important to note that BOD 5 is
only one measurement of pollution and does not
indicate other types of serious water quality

problems that may exist such as pollution from
toxic materials. Coliform bacteria are used as

indicator organisms since large numbers of these

are present in human feces. The presence of fecal

coliforms indicates that the water has been con-
taminated and that there is a possibility that

pathogenic bacteria capable of causing disease in
humans may also be present" (Glanzman et al.,
1971).

The DEQ data obtained for the years since 1970
showed a remarkable similarity with the data pre-

sented by Glanzman et al. (1971). Not only from

year to year, but also from season to season.

During the previous year the BOD ranged from 0.0

to a high of 1.4 mg/1. These extremely low BOD

values for the present indicate that Netarts Bay

remains unpolluted from organic matter. When the
total and fecal coliform bacteria concentrations

as determined by the DEQ are examined one finds

that the total coliform bacteria rarely exceed

9.1 MPN (most probable number) per 100 ml of

sample. Fecal coliform bacteria were rarely
detectable and generally showed less than 3 MPN/

100 ml. The DEQ data between 1970 and 1975 also

show that the dissolved oxygen in the waters of

Netarts Bay are generally greater than 7 ml 02/1.
The pH ranged between 7.8 and 8.4.

The water quality standards for estuarine

waters as established by the DEQ are listed below.

WATER QUALITY STANDARDS FOR THE MARINE AND 
ESTUARINE WATERS OF OREGON (excluding estuarine

waters of the Columbia River). The provisions of

this section shall be in addition to and not in

lieu of the General Water Quality Standards con-

tained in Section 41-025, except where this sec-

tion imposes a conflicting requirement with the

provisions of Section 41.025, this section shall

govern. No wastes shall be discharged and no

activities shall be conducted which either alone
or in combination with other wastes or activities

will cause in marine or estuarine waters (from

Oregon State Department of Environmental Quality,
1974):

(1) Dissolved Oxygen (DO). 	 (Outside of zones

of upwelled marine waters naturally defi-

cient in DO). DO concentrations to be

less than 6 milligrams per liter for
estuarine waters, or less than saturation

concentrations for marine waters.

(2) Organisms of the Coliform Group. (MPN or
equivalent MF using a presentative number

of samples.)

(a) (For marine and shellfish growing
waters.) The median concentration
of coliform bacteria of sewage ori-

gin to exceed 70 per 100 milliliters.

(b) (For estuarine waters other than in

shellfish growing areas.) Average

concentrations of coliform bacteria,

where associated with fecal sources,

to exceed 240 per 100 ml or to exceed

this value in more than 20 percent of

samples.

(3) Hydrogen Ion Concentration (pH). pH

values to be outside the range of 7.0 and

8.5 over shellfish growing areas.

(4) Turbidity.	 (Jackson Turbidity Units, JTU).

Turbidities to exceed 5 JTU above natural

background values except for certain

short-term activities which may be speci-

fically authorized by the Sanitary Author-
ity under such conditions as it may pre-

scribe and which are necessary to accom-
modate essential dredging or excess of
this standard are unavoidable.

56



(5) Temperature. Any significant increase
above natural background temperatures, or
water temperatures to be altered to a

degree which creates or can reasonably be

expected to create an adverse effect on

fish or other aquatic life.

Relative to the standards set by the DO,

Netarts Bay is not only unpolluted, but has an

extremely high water quality. This high water

quality is a function of the rapid flushing rates,

the low input of excess organic materials from

the land, and minimal human waste inflow. Thus,

Netarts Bay continues as a pristine estuary as
it has been in the past.
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BENTHIC INVERTEBRATES: DISTRIBUTIONAL PATTERNS

AND COMMUNITY STRUCTURE

INTRODUCTION

"Zoologists,..., have been concerned with

communities as abstract versus concrete
units, have regarded quantitative methods

as unimportant or important in distinguish-
ing communities, have stressed the impor-

tance of overall structure independent of
species composition or conversely the

importance of dominance, have emphasized

classification of community units, have

stressed succession and the organismic
nature of communities resulting from

interlocking competitions and selection,
and have even regarded benthic communi-

ties as being more or less continua."

(Mills, 1969)

Benthic communities cannot be considered clear-

ly defined ecological units, but rather they are
gradational in nature, dynamic and adapting to the

heterogeneity of the physical environment, the
variability of larval recruitment, and biological

interactions. Ecological assemblages such as the

benthic invertebrates of Netarts Bay range from

relatively stable co-occurring species groups to

short-lived and loosely integrated aggregations.

Johnson (1970) has characterized marine benthic
communities of unconsolidated substrates as being

a temporal mosaic. The spatial and temporal
variation of diversity within marine benthic

communities, in relatively homogeneous environ-
ments, may be primarily determined by continual

localized disturbance (Johnson, 1970). Netarts
Bay and the various benthic invertebrate species

assemblages is considered by the authors to be a

single benthic community, composed of statistically
discrete species groups (or community clusters)

which are variable in location and size over
time.

The factors determining the distributional

patterns of benthic invertebrates and the com-

plexity of benthic community structure has been

approached by numerous studies (Rhoads and Young,

1970; Woodin, 1974; Nichols, 1970; Nichols, 1975;

Peterson, 1975). Gradients of the physical

environment such as salinity, sediment sizes,
organic materials within the sediments, and the

tidal height of a region, integrate with the
biological interactions to determine the species

assemblages. The major physical parameters may

be quantified and coordinated with the benthic

community structure, but the importance of bio-

logical interactions such as intraspecific and

interspecific competition for space (Woodin, 1974)
and the spatial separation of deposit and suspen-

sion feeders (Rhoads and Young, 1970) are very
difficult to quantify even for only a few species
within an assemblage. Thus, knowledge of the

basic biology (e.g. feeding method, mobility, re-
production) of the organisms which compose the

species assembla ges of a benthic community is

essential for an adequate understanding of the
community structure.

Surveys of benthic infauna have been conducted

for rocky intertidal (Field and McFarlane, 1968),

outer-coast soft substrates (Field, 1971; Lie and
Kisker, 1970), and for estuaries (Khayrallah and

Jones, 1975; Parker, 1975). Analysis of the
distributions and associations of benthic infauna

in relationship to other species and to the

physical environment has taken the form of multi-

variate analysis (Cassie and Michael, 1968;
Cassie, 1972a; Cassie, 1972b). The survey of the
marine benthic infauna of Netarts Bay was designed

to 1) obtain representative samples from all
regions of the estuary, 2) determine the relative

distribution of the benthic infauna, 3) determine
the invertebrate species assemblages (or community

clusters) based upon the species counts, and 4)
examine the correlation between invertebrate

species occurrences (interspecific associations)

and the correlation of species occurrences with
the physical environment (particularly sediment

characteristics).

MATERIALS AND METHODS

In order to accurately sample the bay, a per-

manent system of east-west transect lines was

established by surveying (see Civil Survey section

for details). According to the surveyed reference

points, pairs of painted posts were set at 2000
foot intervals along the length of the sand spit's

western shore. These transect posts were sur-

veyed according to the Oregon plane coordinate
system, and all of the benthic stations positions
are listed according to the plane coordinate

system (see Ap pendix A). Stations were located
along the transects by visual alignment of the

paired posts (distance of separation between

posts ranges from 117.23 feet to 464.8 feet).
Alignment for sampling was performed by sighting
to the paired posts until both posts were super-
imposed, and the accuracy of this method proved

to be approximately one foot per mile. Heavy

monofilament line marked at 100 foot intervals
was used to establish the station distance from

the transect post.

The benthic invertebrate samples of Netarts

Bay, Oregon (45°25'N, 123°55'W) were collected

between July 8, 1975 and August 9, 1975. The
samples were taken along the ten established
transects during low tide, and the station tidal

heights range from high tide mark (approximately

+8 feet) to below MLLW (approximately -1.5 feet)

at the channel edge. The sampling frequency was

200, 400, or 800 foot intervals, dependent upon
the changing substrate and substrate-vegetation

composition. Two replicate benthic samples were
collected at each station with a cylindrical

steel core 20 cm in diameter by 20 cm deep, and
these cores were used for the infaunal determina-

tion. The benthic core device samples a surface
area of 314 cm4 and encloses a volume of 6.28 1;

this is a comparable sample volume (but not

surface area) to that used by Woodin (1974). Core
samples were sieved through a 2 mm and a 1 mm
sieve and the remaining material was placed in
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TABLE 19. Replicate Core Samples (20 cm x 20 cm) from Transects IX and X.

Station

Species 1009a (21) 1009b (21)

Owenia collaris 90 106

Photis brevipes 39 10

Macoma nasuta 16 5

Cryptomya californica 7 1 T = 0.97

Glycinde armigera 3 4

Protothaca laciniata 3 0
is = 4.22

Nephtys caecoides 1 2
P < 0.001

Nephtys californiensis 1 0

Glycera convoluta 0 3

Glycera tenius 0 1

Paraphoxus milleri 0 1

Station

Species 0905a (33) 0905b (33)

Leptochelia dubia 1502 986

Pygospio elegans 533 1580

Corophium brevis 248 189

Paraphoxus spinosus 92 9

Hyale grandicornis	 californica 68 7 T	 0.72

Macoma nasuta 26 14

Mediomastus californiensis 9 14
is = 3.43

Macoma balthica 4 10
P < 0.001

Saxidomus qiganteus 3 7

Cryptomya californica 3 0

Owenia collaris 3 0

Glycinde armigera 2 4

Nephtys caecoides 1 0
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small jars of fresh sea water then immediately

transported to the lab. In the lab, the sea

water was decanted from the samples and replaced

with 10% formalin. Counting and identification

of the fixed sample species was accompanied with
replacing the formalin with 70% isopropyl alcohol.

The data was recorded by transect and station,

and the data for the 41 most abundant species is
listed in Appendix B. The identification of

species was determined from Light's Manual key
(Smith and Carlton, 1975), with additional re-

ferences from Hartman and Reish (1950), Barnard
(1954), and Abbott (1974).

Samples of the surface sediment were obtained
at each of the benthic sampling stations. A

small plastic vial (approximately 10 ml) was

used to collect the surface sediment from an area

immediately adjacent to the benthic core samples.
Sediment grain size (phi units) and organic car-

bon content were determined for each of the

samples (see Sediments section for detailed method

discussion). Surface sediments and replicate

benthic core samples were taken at a total of 86

stations (Fig. 22). The replicability of the

6.28 liter benthic cores was significant

(P < 0.01), and therefore one sample from each
station was used in the data analysis. Kendall's

coefficient of rank correlation (see Kendall,

1970, pg. 44; and Sokal and Rohlf, 1969) was used

as the measure of similarity between replicate
samples (Table 19).

In the statistical analysis of the data,
species distributions were fit to the counts for

each of the 41 most common invertebrate species;
and the spatial dispersion of the populations was

determined by the distributional characteristics.

For the 41 species, four were fit by a Poisson
model and the remaining 37 were of a negative

binomial distribution. These results indicated
that four of the 41 species occur at random
locations, while the majority of species appear

clustered within the bay. Descriptive statistics
such as mean, maximum, and variance were cal-

culated for each of the 41 species. Principal

component analysis of 41 species and of 20 species

was run, and the scores of each species on the

three principal variates were scattered in order
to cluster stations. An algorithm which groups

stations according to their proximity in eucli-

dean space (based upon log transformed species

counts) was used for only the 19 most abundant

species, and resulted in obtaining community

clusters of the sample stations. All species
counts in these operations were log transformed

to normalize the frequency distributions, and

eliminate the dependence of the variance on the

mean (Elliott, 1971). The log transformation
changed the species count, x to log e (x + 1). A
canonical discriminant analysis was then used to

determine if the clusters were discrete or con-
tinuous. The community clusters derived from the

clustering algorithm were used in the analysis of
diversity and community similarity. Pearson's

correlation coefficients were calculated for the

20 most abundant species. Multiple regressions
were run for each species on the environmental
variables (sediment grain size and organic car-

bon), and for each principal component on the
environmental variables.

RESULTS AND DISCUSSION

Eighty-seven species of invertebrates were re-

corded for Netarts Bay. This figure is consider-

ed to represent a conservative estimate of the

actual total since there was no concerted effort

towards obtaining a complete collection of all

species in the bay. The Netarts Bay species list

(Table 20) includes 62 species of invertebrates

taken from the benthic core samples, while the

remaining number of species were collected within

the bay at low tide or from the nets of the fish

sampling. The rip rap used to establish the road

and boat basin in the northeast corner of Netarts

Bay introduces a habitat which is uncharacteristic
of any other region of the bay, and contains in-

vertebrates which would not normally occur within

the bay (e.g. Petrolisthes cinctipes and Pisaster

ochraceus). Since the objectives of thi ss-ITUUT—
iiiTited at the infaunal and epifaunal
organisms characteristic of Netarts Bay, then the

pelagic invertebrates and those inhabiting the

rocky rip rap area have been excluded. As is
corm/on of invertebrate lists from estuaries, the

vast majority of invertebrate species represented

are polychaetes, bivalves, and crustaceans.

TABLE 20. Netarts Bay Species List (incomplete).

Hydrozoa

Cladonema californica 

Nemertea

Cerebratulus californiensis 

Polychaeta

Abarenicola Pacifica (Arenicolidae)

Mediomastus californiensis (Capitellidae)

Capitella ca itata
Glycera convo uta (Glyceridae)

Glycera Tiii07---
aycindeTiqera (Goniadidae)
Lumbrineris zonata (Lumbrineridae)

Lumbrineris 

Nephtys caliors (Nephtyidae)
Nephtys caecoides 
Nephtys caeca

NeanthesFiFdti (Nereidae)
Neanthes s7EFfirea

0 helia aTiTifFri" (Opheliidae)
uzonus mucronata

uzonus

rir7a7Frial—Fe 
Orbinia johnsoni (Orbiniidae)

Hap oscoloplos elongatus 

Owenia collaris (Oweniidae)
rticvicalifornica (Phyllodocidae)

rg&Tidilatae
HaTosycgiYiTiisetosa (Polynoidae)
Lepidasthenia interrupta 
Pygospio elegans (5p/onidae)
Pygospio californica 

Ahynchospio arenicola 

Pseudopolydora paucibranchiata 
FseudnoTydora kempi 

Spfo filicornis 
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Table 20. Continued.

Spiophanes bomx 
Polydora socialis 
tupolymnia crescentris (Terebellidae)
Pista pacifica 

Bivalvia

Macoma balthica (Tellinidae)
Macoma inquinata 
Macoma nasuta 
TITTiTia bodegensis
CTWTEthya californica (Myidae)
Mya arenaria *
Protothaca staminea (Veneridae)
Protothaca TeTiev—'7"--ima
Tapes japoni-57-----
Saxidomus 91ganteus 
Tresus capax (Mactridae)
CliTcardium nuttallii (Cardiidae)
Lucinoma annulata (Lucinidae)
Crassostr-J7TY,Fi. (Ostreidae) *
Zirfaea pilsbryi	 (Pholadidae)
Mytilus edulis (Mytilidae)

Gastropoda

Phyllaplysia taylori (Anaspidea)
Olivella biplicata (Neogastopoda)
Ceratostoma inornatum *

Phoronida

Phoronis pallida 

Crustacea

Lepas pacifica (Cirripedia)
	  glandula 
Leptochelia dubia (Tanaidacea)
Excirolana linguifrons (Isopoda)
Idotea resecata

	

Eohaustorius sp.	 (Amphipoda)
Corophium brevis
Amphithoe 7FriT
Paraphoxus milleri
Paraphoxus spinosus 
Photis brevipes 
Hyale grandicornis californica 
1eptacarpus pictus (Decapoda)
Heptacarpus paludicola 
Cran on nigricauda 
lnnixa faba
ink TiTioral is 

Pinnixa sp.
IlTriTgr—rEpsus oregonensis 
Rhithropanopeus harrisii *
Pugettia richii
Pugettia Tr7537Eta 
Petrolisthes cinctipes 
Cancer magister 
Callianassa californiensis 
Upogebia pugettensis 

Echinoidea

Dendraster excentricus 

Asteroidea

Pycnopodia helianthoides (Forcipulatida)

Table 20. Continued.

Pisaster brevispinus 

Urochordata

Botrylloides sp.	 (Stolidobranchia)

Hemichordata

Saccoqlossus sp.

* Denotes introduced species

From the 62 species of benthic invertebrates
collected during infaunal sampling, 41 species
were chosen for the basic data analysis. The
criteria used for the selection of species for
the data analysis were: 1) the most abundant
species, those species in sufficient numbers to
allow statistical treatment of the data; and
2) the sampling adequacy of the benthic cores for
the specific organisms. Using these criteria,
41 species were first analyzed. Though data was
collected for all 62 of the species present in
the core samples, only the 41 species data was
compiled for this publication (see Appendix B,
Species occurrences for the benthic core samples).
For each of the 41 species the mean, standard
deviation, variance, and maximum species
occurrences at the 86 sample stations are given
in Table 21. The mean number of individuals of a
species per station are generally low, and those
species with the higher means also have extremely
high variance. The maximum species occurrences
per station serves as a good indicator for the
degree of variance, and those species with the
greatest maximum and variance values are surface
sediment inhabitants which are present in dense
aggregations (eg. Pygospio elegans, Polydora 
socialis, and Leptochelia dubia). Such high maxi-
mum values for these species illustrates the
patchiness of the organisms distribution and the
heterogeneity of the soft substrate environment.

Sediments 

The primary physical characteristics of an
estuary that act to delineate the distributions
and occurrences of the benthic invertebrate popu-
lations are the tidal level, sediment grain size,
and availability of organic matter. Surface
sediments were generally homogeneous throughout
much of the bay, with some variable regions due
to currents and the influx of silts from the
watershed (Fig. 15 and Sediment section). How-
ever, there exists a general pattern of gradation
of larger to smaller grain size from the western
to the eastern side of the bay based upon the
surface sediment analysis. This pattern is
further substantiated by field observations during
the benthic sampling. The sampling of stations
west of the main channel posed little difficulty
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TABLE 21.	 Species Occurrences: Mean, Standard Deviation, Variance, and Maximum for 86 Sample Stations.

Species Mean	 Maximum	 Standard Dev. Variance

Abarenicola pacifica .151	 10	 1.090 1.189

Mediomastus californiensis 42.88	 1994	 217.01 47093.98

Capitella capitata 2.95	 115	 13.50 182.35

Glycera convoluta .012	 1.0	 .108 .012

Glycinde armigera 1.163	 32.00	 3.66 13.43

Nephtys californiensis .023	 1.0	 .152 .023

Nephtys caecoides .163	 2.0	 .430 .185

Ophelia assimilis .035	 2.0	 .240 .058

Euzonus mucronata .047	 3.0	 .340 .115

Euzonus williamsi .023	 2.0	 .216 .047

Armandia brevis .953	 22	 3.102 9.621

Haploscoloplos elongatus .035	 1.0	 .185 .034

Owenia collaris 2.75	 90	 11.48 131.83

Eteone californica 1.163	 83	 9.015 81.26

Eteone dilatae .395	 20	 2.26 5.11

Pygospio elegans 160.96	 5144	 638.33 407467.5

Pygospio californica 1.605	 132	 14.23 202.68

Pseudopolydora paucibranchiata .035	 2.0	 .240 .058

Pseudopolydora kempi .302	 15	 1.75 3.084

Spio filicornis .105	 6.0	 .669 .448

Spiophanes bombyx .174	 15	 1.617 2.616

Polydora socialis 25.62	 1620	 181.05 32781.29

Eupolymnia crescentris 1.39	 15	 3.40 11.60

Macoma baithica 6.023	 87	 15.35 235.85

Macoma inquinata 2.33	 86	 10.43 108.93

Macoma nasuta 2.72	 26	 4.94 24.46

Cryptomya californica 1.67	 35	 4.46 19.96

Protothaca staminea .198	 7.0	 .918 .843

Saxidomus giganteus .151	 4.0	 .642 .412

Clinocardium nuttallii .128	 3.0	 .504 .254

Phoronis pallida .535	 20	 2.64 6.98

Leptochelia dubia 84.86	 1502	 218.52 47753.81

Eohaustorius spp. 5.0	 225	 24.49 650.16

Corophium brevis 34.75	 695	 102.00 10405.45

Amphithoe valida 2.81	 44	 7.515 56.48

Paraphoxus milleri .605	 19	 2.49 6.21

Paraphoxus spinosus 7.535	 92	 15.41 237.66

Photis brevipes 1.465	 46	 6.895 47.54

Hyale grandicornis 2.733	 126	 15.44 238.52

Callianassa californiensis .314	 5.0	 .936 .877

Upogebia pugettensis .419	 8.0	 1.315 1.729
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since there was firm sand overlain by a few cen-

timeters of finer grained sediments (an obvious

exception to this statement is the extensive eel-

grass bed, Zostera marina L., that forms a "lake"

between transects VIII and V), whereas east of
the main channel sampling was difficult and the

sediments of this region are homogeneous silt (an

exception to this pattern along the eastern shore

is the relatively sandy region which exists be-
tween transects VII and V along the edge of the

channel). It is felt that if one disregarded the

top few centimeters of sediment, a sediment pro-

file would show larger grain size in the western

portions of the bay than was initially shown in

the sediment analysis and little change in the

eastern portions. Since time and expense limited

sediment sampling to only the surface sediments,

this supposition can only be speculative.

Transect Characteristics 

Since the sampling approach for benthic in-
vertebrates was based upon the system of east-

west transects, the data obtained shows species

abundances and distributions for a series of
cross-sections through the bay. Table 22

illustrates the total number of species collected

for each of the sample stations, from transect X

at the mouth of the estuary to transect I.
Species diversity may be simply defined as the

number of species present in a community (un-

weighted species diversity), (Pielou, 1975) and

therefore the data considered in Table 22 repre-

sents an approximation of the diversity charac-

teristics for the regions of the bay. The

number of species is relatively low for the mouth

of the Netarts estuary (transects X-VIII), peaks

within the center of the bay (transects III-VII),

and declines slightly towards the head of the

estuary. These characteristics of the benthic

invertebrate populations appear closely corre-

lated with the grains sizes, sediment hetero-

geneity, and currents. The northern end of the

bay is strongly influenced by the tidal flushing

action through the mouth, and as mentioned in

the sediments discussion the sediment grain size

is large. The organisms associated with this
region are few and generally well adapted for the

sand beach environment (eg. Eohaustorius sp.).
The sediments of the central region appear much

more heterogeneous both in grain size and in their

distributions. For example, in the course of

sampling transect V from the western shore to the

eastern shore one would encounter a sandy region

overlain with silt, a large Zostera marina L.
bed, the sandy embankments oriFTEhiiiiiiT7
several depressed areas with Zostera marina L.,

and finally homogeneous soft mud. These charac-
teristics for the topography of transect V are
similar to the substrate encountered along

transects VII-III and these transects consistently

possess the greatest numbers of species. The
southern extreme, or the head of Netarts Bay,

consists of very soft and homogeneous silt. Tidal

levels for transects I and II are above +2.0 ft.

and with the homogeneity of the substrate the
number of species does show a slight decline from

that of the center of the bay. It is interesting
to note that the species which are found in the

southern two transects consist almost entirely of

of polychaetes and crustaceans, and that they are
tube-building and burrow forming organisms living
within the surface sediments.

The dominant influences of the strong tidal

currents and the coarse sediments is well

illustrated by the lower number of species which

are found inhabiting those areas immediately
adjacent to the main channel and in the regions

of transects IX and X. Transects X through V
had a distinct area of the main channel, where

the tidal flushing velocity was greatest, and

this area is designated on Table 22. The tidal

velocity is so great for most all of the western

side of transects X and IX that the substrate
surface was marked with current ripples from the

previous tidal change.

Distributional Patterns of Individual Species 

The criteria of species abundance and sampling

adequacy were used to reduce the species list

from 41 to 20. Distributional patterns of
selective species from this group and a few others

are to be discussed here. It is important to note
that species distributions will vary according to

the depth of normal residence within the sediment,

and the sediment size encountered at this depth.
The majority of the 41 species considered reside

within the top few centimeters of the substrate

while the remainder may be found in permanent

burrows (Uopoqebia pugettensis) or as errant

burrowers (Nephtys caecoides). An account of the
depth of residence will be given for each of the

20 species analyzed for their distributional

patterns. It is understood however, that the
distributional patterns presented are only for the

summer months of the sampling program. Due to the

high freshwater run-off during the winter months

it is highly probable that surface sediment

characteristics would be substantially altered and

consequently the animal distributions changed.

Whether similar distribution patterns of the

benthic organisms, as those reported here, are re-

established is a question for future and more

extensive research and not within the scope of

this project.

General distributions of the lug worm, Abareni-

cola pacifica, ghost shrimp, Callianassa cinTor=
Tielisis, and blue mud shrimp, Upogebia pugettensis,
were obtained from field notes and observational

diggings at station sites (Fig. 23). Distribu-
tional information was obtained in this manner
since the vertical range of these organisms is

known to be deeper than the depth to which the
core device sampled. U. pugettensis was found to

be very dense in Zostera regions that always had
at least six inchir77tanding water at minus

tides. These regions were termed "Zostera Lakes."
It was felt that due to the complex pattern of

drainage, the "lakes" were never able to fully

drain before the flood of the tide. C. califor-
niensis was found in regions of medium tTT5T(T-

sand (0.125 - 0.500 mm). An especially large

region of ghost shrimp was found along the

western shore between transects I and IV. It was

in this region that a series of winter storms
in 1939 breached the spit most likely altering

the sediment composition (Mangum, 1967). A

65



Distributional Patterns

Abarenicolo pacif ica 

Ei Cailianassa califormensis 

0 Dense Upogebia pugettensis

0 Sparse Upogebia pugettensis

Fi gure 23

!i

66



Figure 24

CJ
O

Distributional Patterns

o Macoma baithica

I Macoma inquinata

— Macoma nasuta 

SCALE !of FEET

07



TABLE 23. Life Styles of Clustered Species.

Species	 Trophic Level
	

Comments

Phoronis pallida 
(Schneider, 1862)

Mediomastus californiensis 
Hartman, 1944
(Capitellidae)

Capitella capitata 
(Fabricius, 1780)
(Capitellidae)

Nephtys  caecoides 
Hartman, 1938
(Nephtyidae)

Glycinde armigera 
Moore, 1911
(Goniadidae)

Armandia brevis
Moore, fgOTT--

(Opheliidae)

Owenia collaris 
Hartman, 1955
(Oweniidae)

Pygospio elegens_
Claparede, 1863
(Spianidae)

Polydora socialis
(SchmardaTTETIT-
(Spionidae)

Eupolymnia crescentis 
Chamberlain, 1919
(Terebellidae)

Macoma balthica 
TLinnaeus, 1758)
(Tellinidae)

Macoma inquinata 
TiMiYes, 1855)
(Tellinidae)

Macoma nasuta 
Conrad, 1837)

(Tellinidae)

Cryptomya  californica 
(Conrad, 1837)
(Myidae)

Leptochelia dubia
(Kroger. 1842)
(Paratandidae)

Ciliary-mucus feeder
(MacGinitie and

MacGinitie, 1968)

Direct deposit feeder

Direct deposit feeder

Carnivore (Kozloff, 1973)

Deposit feeder

Indirect deposit feeder
(Barnes, 1974)

Indirect deposit and filter
feeder
(Barnes, 1974)

Indirect deposit and filter
feeder

Indirect deposit feeder,
probably partly scavenger
and predator
(Kozloff, 1973).

Direct deposit and suspension
feeder
(Braefield and Newell, 1961)

Direct deposit and suspension
feeder
(Reid and Reid, 1969)

Direct deposit and suspension
feeder
(Reid and Reid, 1969)

Filter feeder

Found in the firm mucus-cemented
walls of burrows of Upogebia 
pugettensis (Rogene K. Thompson,
1972). Found under same condi-
tions in our study.

Ingests sediment as it burrows.
Errant polychaeta

Ingests sediment as it burrows.
Errant polychaeta

Has eversible proboscis and
burrows.
Errant polychaeta

Burrows in sandy mud sediments.
Errant polychaete

Burrows in top 3 cm of sediment
(Woodin, 1974).
Errant Polychaeta

Builds tubes with sand grains.

Builds tubes with sand grains.

Builds parchment-like tubes in
sandy mud to mud, occasionally
boring into hermit crab shells
(Blake, 1975).

Builds parchment-like tubes in
sandy mud sediments.

In muddy sand to mud.

In muddy sand to mud.

Bentnose clam. Lies on left side
in mud; incurrent siphon extends
to surface and "vacuums" surface
detritus (MacGinitie and
MacGinitie, 1968).

Has short siphons and "taps"
burrows of other inverts. (e.g.
Urechis, Upoqebia and
CalTi-anassa).

Builds tubes with sand grains;
cosmopolitan; abundant among
algae in pools and mud flats
(Barnard, 1975)
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TABLE 23. Continued.

Species
	

Trophic Level	 Comments

Eohaustorius sp.

(Barnard, 1957a, 1962b)
(Haustoriidae)

Corophium brevis 

Shoemaker, 1949

(Corophiidae)

A,nithoe valida 

Smith, 1873
(Ampithoidae)

Suspension feeder
	

In shallow-water sand bottoms,

(Obrebski, 1968)
	

seaward of surf zone; free
moving (Barnard, 1975)

Filter feeder	 Builds tubes with sand grains.

Adults free or building muddy

tubes on algae

Paraphoxus milleri	 Burrows in sand or mud

(Thorsteins3717,--1741)

(Phoxocephalidae)

Paraphoxus spinosus	 Burrows in sand or mud

Holmes, 1903

(Phoxocephalidae)
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TABLE 24. Reproductive Type of Clustered Species.

Species
	

Reproductive Type

Phoronis pallida 
(Schneider, 1862)

Mediomastus californiensis 
Hartman, 1944

(Capitellidae)

Capitella capitata 

(Fabricius, 1780)
(Capitellidae)

Nephtys caecoides 

Hartman, 1938

(Nephtyidae)

Armandia brevis

Moore, fOTT--
(Opheliidae)

Glycinde armiqera 

Moore, 1911

(Goniadidae)

Owenia collaris 
Hartman, 1955

(Oweniidae)

Pygospio elegans 
Claparede, 1863

(Spionidae)

Polydora socialis

(Schmarda, 1861
(Spionidae)

Eupolymnia crescentis 

Chamberlin, 1919
(Terebellidae)

Macoma balthica 

Linnaeus, 1758)
(Tellinidae)

Macoma inquinata 
(Deshayes, 1855)

(Tellinidae)

Macoma nasuta 
(Conrad, 1837)

(Tellinidae)

Cryptomya californica 

(Conrad, 1837)
(Myidae)

Leptochelia dubia 

(Kroyer, 1842)
(Paratanaidae)

Eohaustorius sp.
(Barnard, 1957a, 1962b)
(Haustoriidae)

Hermaphroditic; breeds summer and fall, possibly year round; has
large spermatophoral organ; sheds eggs directly into sea.

(Zimmer, 1975)

Sexes separate

Sexes separate; males with special copulatory chaetae (Dales,

1967); pelagic and non-pelagic development (Jagersten, 1972).

Sexes separate; some stolonization (Dales, 1967); pelagic

larvae.

Free spawn Apr.-Nov; planktonic development with settlement after

3 to 4 weeks; may have 2 or 3 generations per summer (Woodin,

1974 from Hermans 1964 and 1966).

Sexes separate

Sexes separate; planktonic larvae.

Separate sexes; asexual fragmentation and sexual reproduction

(Dales, 1967); pelagic and non-pelagic development

(Jagersten, 1972).

Separate sexes; planktonic larva (Blake, 1969).

Separate sexes with protandry; free spawn mostly in spring months

with some in autumn months; planktonic development with settle-

ment after 2-5 weeks (Caddy, 1967 and 1969).

Planktonic larvae

Planktonic larvae

Brooder (female); separate sexes; ovigerous females found

throughout study (June-Aug.).

Brooder (female); separate sexes; ovigerous females found
throughout study (June-Aug.).
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TABLE 24. Continued.

Species	 Reproductive Type

Corophium brevis

Shoemaker, 1949

(Corophiidae)

Ampithoe valida 

Smith, 1873
(Ampithoidae)

Paraphoxus milleri

(Thorsteins5FiTiR1)

(Phoxocephalidae)

Paraphoxus spinosus 
Holmes, 1903
(Phoxocephalidae)

Brooder (female); separate sexes; ovigerous females found

throughout study (June-Aug.)

Brooder (female); separate sexes; ovigerous females found

throughout study (June-Aug.).

Brooder (female); separate sexes; ovigerous females found

throughout study (June-Aug.).
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coarser grained sediment was probably then esta-
blished. A. pacifica was found in isolated
regions of the eastern half of the bay (not list-
ed in Fig. 23)	 and mostly in a band in the
western half between transects IV and VII as seen

in Figure 23. A. pacifica was found in a fairly
firm mixed mud-sand substrate. This band was

seen to originate on the western shore and grade

into regions of "Zostera lakes" at its eastern
end.

Selected species from the list of 20 are dis-

cussed below according to major taxon; informa-

tion pertinent to feeding type and mode of re-
production for each of the 20 species is found in
Tables 23 and 24.

Bivalvia 

Representatives of the bivalve genus, Macoma 

are found throughout the bay (Fig. 24). From a

total of 86 stations, M. balthica was present

at 44, M. nasuta at 37 and M. inquinata at 17.
M. balthica was found within the top few centi-

meters of sediment throughout much of the bay
while M. nasuta and M. inquinata were found sub-

stantially deeper, mostly in regions of muddy

sediment including "Zostera lakes" and eastern
portions of the bay. The wide distribution exhi-
bited in M. balthica is possibly explained by the
fact that M. balthica resides in surface sedi-

ments and that these surface sediments were homo-
geneous throughout much of the bay. However,

since M. nasuta and M. inquinata are found to

occur deeper in the substrate, their distribution

appears to be limited to regions of the bay that

had a muddy sediment at this depth (Fig. 24).

The clam, Cryptomya californica, and Phoronid,

Phoronis pallida, are both known as commensals in
the burrow network of Upoqebia pugettensis. The

siphons of C. californica "tap" the burrows while

P. pallida is found in the firm mucus cemented

walls of the burrows. C. californica was found in

the firm mucus cemented walls of the burrows. C.

californica was found at 30 stations and P.

pallida at 9. Both were found in U. pugettensis 
beds as well as in regions of Callianassa califor-
niensis. C. californica was found in "shrimp

beds throughout the bay while P. pallida was found
only in transects III-V. It is felt that our

data of occurrence of these two commensals may be
an underestimate of the actual occurrence since

our core device only sampled to a depth of 20 cm
and "shrimp" burrows are known to occur below
this depth.

Polychaeta 

Two species of Capitellid polychaetes were
found in the bay, Mediomastus californiensis at

52 of 86 stations and Capitella capitata at 13
(Fig. 25). M. californiensis was found through-

out the bay while C. capitata only occurred in

regions of highest species number (unweighted

species diversity). Both worms are at least 7 cm
in length and approximately 1 am in diameter.

They were found throughout the 20 cm depth of the
corer.

Estuarine studies by Reish (1957b) and Filice

(1959) have indicated that large populations of
C. capitata and low species diversity are indica-

tive of pollution. Using the criteria established
by Reish and Filice one might speculate that

Netarts Bay is not polluted since abundance of

C. capitata was low and the fact that this worm

was found in regions of highest species number.

This speculation corroborates the opinion that

Netarts Bay is a relatively clean bay.

The distributions of three polychaete species,

Pygospio eleoans, Eupolymnia crescentis and

Polydora socialis are shown on Figure 26. The

Spionid, P. elegens, although widely distributed,

appears cTosely associated with but not necessar-
ily in channels. Where P. elegens occurs, it can
be found forming a thin surface mat that tends to
stabilize the sediment. At station 33 P. eIegans 

was found in a slightly depressed interchannel

region possibly where the current had slowed and

deposited materials favorable for the existence

of this species. The deposition of organic

materials at ebbing regions of current might ex-
plain the occurrence of P. elegans near channels.

The Spionid, P. socialis, was found only at the

western end of transect V and eastern end of
transect IV. Although the distribution of P.
socialis appears to be limited to two regions, it

was very abundant in these regions. The Tere-

bellid, E. crescentis was found at 17 stations.
It was found in muddy sediments as indicated by

its presence in the "Zostera lakes," eastern, and

southern portions of the bay. E. crescentis was

found to co-occur in regions of—Zostera marina L.

and Upogebia pugettensis (Fig. 277----

The Opheliid, Armandia brevis, was found be-

tween transects InWI—VIMT 27). A. brevis 

appears to be associated with the channels of
this part of the bay. Woodin (1974) has found
the burrower A. brevis to be disruptive to tube-

building species. The distributional data for
Netarts Bay does not clearly support this con-

tention.

Amphipoda 

The free moving amphipod, Eohaustorius sp. was

highly associated with channel regions and medium
to fine sediment (Fig. 27). The amphipod is nor-

mally associated with sediments overlain by
active water (Barnard, 1970). The rippled sediment

of northern and near channel regions is indicative

of fast moving water and thus probably explains

the distribution of Eohaustorius sp. Its occur-
rence in the southwestern portion of the bay might
be explained by the presence of fine sand in this

region. As previously mentioned, the spit was
breached in this region in 1939. A wedge of sand

that protrudes eastward into the bay is easily
seen between transects II and IV. Maintenance of

this sandy region is possible through sand being

blown over the narrow spit by the strong south-

west winter winds. Another disturbance in the bay

occurred in 1964 when a tsunami breached the
mouth of the bay and removed the top 10-15 cm of

sediment (William Q. Wick, personal communication).

The long term effect of this perturbation is pro-
bably nil since the present species composition of

the bay is not unlike that of other bays with
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Figure 26
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Figure 27
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Figure 29
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Figure 30
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Figure 31

Intertidal and Subtidal Distribution
of Clinocardium nuttalli 
(sampled region only)

O I-5/sq. ft.

• >5/sq. ft

• 1-5/100 sq. ft.

a >5/100 sq.ft.

FROM GAUMER and Others, 1975
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Figure 32

Intertidal and Subtidol Distribution
of Tresus capax

a) 1-5/100 sq.ft.

FROM GAUMER and Others, 1975
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Fiour2 33
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Intertidal and Subtidal Distribution
of Protothaca staminea
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FROM GAUMER and Others, 19 75
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Figure 34
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similar water quality.

Two species of the amphipod genus Paraphoxus 
were found in the bay (Fig. 28). P. spinosus was

found at 43 stations out of 86 and P. milleri at

9. Both species are free moving ana" r77iTTTiri 
is about twice as large as P. spinosus. The dis-

tribution of P. milleri closely resembles that of

Eohaustorius sp., with the exception that the

former was exclusively found in the medium sands
of the northern region of the bay. Both P.

milleri and Eohaustorius sp. are normally found

on sandy beaches of the open coast. However, the

high salinity, sandy nature of the channels and

the fast flow of water around these channels all

contribute to the exploitation of the bay by

these species. The smaller P. spinosus is found

in conditions opposite to that of its congener.

The two species co-occurred at only one station.
It appears that the homogeneity of surface sedi-

ment favors the existence of P.  spinosus through-
out all of the bay except in the extreme northern
and southern regions.

The Tanaidacean Leptochelia dubia was found at

48 stations out of 86 and the airAOd,  Coro-

phium brevis at 36 (Fig. 29). Both specieTbuild

tubes in the top centimeter of sediment and are

found throughout the bay. Homogeneity in surface
sediments might explain the wide distribution of
these species.

The amphipod, Ampithoe valida, was found at 27
stations mostly in regions7a7nse Zostera marina.
A. valida is known to be intimately associated

with algae and eelgrass so its presence in these
regions is not surprising.

It is evident from the data that six species

were ubiquitous (Macoma balthica, Mediomastus 

californiensis, Paraphoxus spinosus, Leptochelia 

dubia, Corophium brevis and Pygospio elegans).
Of these, only M. californiensis is not found in
the top few centimeters of sediment. Surface

sediment homogeneity throughout much of the bay

possibly explains their wide distribution. Since

these species are surface dwellers (excluding

M. californiensis) and small in size, re-distri-

bution to other parts of the bay by currents is

quite possible, thereby also contributing to their
wide distribution.

Commercially Important Bivalves 

Since our sampling program was established to
sample small infaunal species, we were unable to

obtain quantitative data regarding large commer-
cially and recreationally important bivalve

species. We were fortunate however in obtaining
this type of data from Thomas Gaumer of the
Oregon Department of Fisheries and Wildlife. All

figures depicting density and distribution of

these bivalves are acknowledged as data from the
Oregon Department of Fisheries and Wildlife.

Samples were taken from subtidal and inter-
tidal regions of the bay (Fig. 30). Subtidal

samples were obtained by use of a diver operated

suction dredge (Gaumer, 1972). This dredge
sampled a two foot square surface area and to a

depth of 12-18 inches. The bivalves of

significance here are the cockle, Clinocardium 

nuttalli, gaper clam, Tresus capax, littleneck
75.1777-otothaca staminea and butter clam, Saxi-
domus gigar--ifii—Js(Figs. 31, 32, 33, and 34).

C. nuttalli is by far the most abundant large

bivalvi7Taii. distributed throughout much of the
bay. C. nuttalli has short, divided siphons and
is found just aer the sediment surface. The

largest members of this species are to be found

in channel regions, and the sandy nature of the

bay provides a good habitat for this species. T.

capax on the other hand has a long fused siphon,

is found in muddy sediment and resides between
1.5 to 3 feet deep. The highest densities of

T. capax are found in the northeast regions of the

bay at Happy Camp and near the public boat dock.

The Venerid clams, P. staminea and S. giganteus 

both have fused siphons and are found under similar
conditions (but in low density) in the western

half of the bay between transects VI and VIII.

Statistical Analysis and 

Community Clusters 

The statistical analysis of the benthic inver-
tebrate data has entailed the descriptive
statistics (see Table 21), principal component

analysis, algorithmic clustering, community di-

versity and similarity analyses, canonical dis-

criminant analysis, multiple regression of each

species on the environmental variables, and

Pearson's correlation coefficient. Beyond the

descriptive statistics, the design has been to-
wards examining the data to determine; 1) if

discrete clusters of species assemblages exist

in Netarts Bay, 2) what sample stations consti-

tuted these "community clusters"; 3) and how the
environmental variables might correlate to the

distribution of community clusters. In addition,

the relative diversity and similarity of the
communities was compared and the correlations

between species (based upon the log transformed
species counts) was determined using Pearson's

Correlation Coefficient.

Using the 41 species list, principal component

analysis was run to determine which species occur

together in possible communities. The scores for

each of the species on the three principal vari-

ates were scattered in an attempt to cluster the
sample sites. Since the species counts for the

benthic invertebrates appear as hyperellipsoids
in multidimensional space, and the principal axes
are calculated to describe these, it is the eigen-

values which express the variance along each axis

(Sokal and Rohlf, 1969, p.532). Each eigenvalue
serves to maximize the removal of variation from

the principal axes. Table 25 shows the eigen-
values for the 41 species principal components

and the variance they describe; and it is evident
from the percent of variance removed by the first

three factors that they are not summarizing the

samples. In addition, plots of the factors failed

to clearly differentiate species assemblages

except three groups which sorted out from the
factor 1 versus factor 2 plot. The groups which
were split off from the total of 41 species were;

1) Phoronis eallida, Capitella capitata, Crypto-
myalliTFnica, and Upogebia puqettensis;
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TABLE 25. Principal Components 1 - 3; 41
Variables.

Pct. of

Factor	 Eigenvalue	 Variance	 Cum. Pct.

1 5.235 12.8 12.8

2 3.734 9.1 21.9

3 2.342 5.7 27.6

•

2) Leptochelia dubia, Corophium brevis, Parapho-

xus spinosus, Macoma balthica, and-7FiOsOo 

elegans; and 314Wibmastus californiensis alone.

The first of these groups consists of Upogebia 
pugettensis and three species which occur as

symbionts or closely associated with the burrows

of this decapod (refer to the Bivalves section of
Distributional Patterns for details). The second
group which was sorted by the principal com-

ponents consists of surface sediment inhabitants

that were previously discussed from the distribu-

tion data as being ubiquitous species (along with

Mediomastus californiensis). It is interesting

to note that M. californiensis is the only one of

the six ubiquitous species not found in the

surface sediments, and the principal components

plot reinforces this intuitive separation by

sorting this species clearly apart from the

other five. The differentiation of these species

assemblages merely serves to substantiate con-

clusions drawn from the species distribution data.

Principal component analysis was again run but

using the selected 20 species list, reducing the

influence of the high frequency of zero counts

in the 41 species data. Table 26 shows the

results for the first six principal components,

TABLE 26. Principal Components 1 - 6; 20

Variables.

Pct. of

Factor	 Eigenvalue	 Variance	 Cum. Pct.

1 4.431 22.2 22.2

2 3.137 15.7 37.8

3 1.872 9.4 47.2

4 1.350 6.8 54.0

5 1.238 6.2 60.2

6 1.146 5.7 65.9

and it is evident that with the reduction in
species, the percent variance explained by the

first three principal components is nearly doubled.

When the eigenvectors for the 20 species (eigen-
vector values are not included) are multiplied
by the souare-root of the corresponding eigen-

value, the result is the factor loading coeffi-

cients matrix (Table 27). The values listed for
each species according to the principal

components could be used to delineate the re-

current groups (Fager, 1957) or communities

(Cassie, 1972b) within Netarts Bay. To determine

which of the principal component factors are
statistically significant and may be used to

separate community clusters, Cassie (1972b)

illustrates the use of Bartlett's test for eigen-
values. Since the principal components (consider

factors 1 and 2) failed to clearly discriminate

between species assemblages, these results were

not used to delineate community clusters. How-

ever, note that two species of amphipods which
are found predominately in the coarse sediments

of the northern bay (Eohaustorius sp. and
Paraphoxus milleri), were separated by the first

factor. This result leads to speculation whether

factor 1 may represent sediment grain size.

Benthic invertebrate sample sites were cluster-

ed on the basis of log transformed species counts

using ;5 an algorithm which clusters stations on

the basis of their proximity in euclidean space.
The log transformed counts of only 19 species
were used for the cluster determination, Nephtys 

caecoides was excluded from the basic list of 20

species because of its low mean. The data for
the 86 stations was designated a squared distance

from the center of the observations cluster (in

euclidean space), and the sites were sorted into

from 3 to 10 clusters of the 86 sites. The

clusters were plotted on maps of the bay and
checked with the species occurrence data (Appendix

B) for correlation. The separation of the data

into 6 clusters was chosen as the best fit with

the biological data, and the largest of the 6

clusters (cluster 1) was split to create a total

of 7 clusters. These 7 clusters were checked in
a canonical discriminant analysis to determine

if the clusters were continuous or discrete, and

the clusters proved to be significantly discrete.

The canonical discriminant function tests the

clusters to determine if the sample means and

distributions are the same, and it computes a
linear function of two variables used to compare

the clusters. Based upon whether or not the

group means differ on the basis of the species

counts, the null hypothesis was rejected and the
clusters proved discrete (sample means and dis-

tributions were not the same). In fact, the
cumulative proportion of the between clusters

sum of squares accounted for by the first two
canonical discriminant functions is 73%.

Using the canonical correlates X and y vari-

ables the benthic invertebrate sampling stations
were plotted (Figs. 35 and 36). Figure 35 gives

the over-all plot for 76 of the 86 total stations,

cluster 7 is not plotted to improve the clarity
of the illustration. Cluster 7 is plotted but

not outlined in Figure 36, it was split off from

Cluster 1 on the basis of spatial distribution

and species occurrences. Figure 37 shows a plot

of the seven community clusters according to the

sample stations of the bay. The separation of

cluster 7 from cluster 1 is substantiated by
Figure 37, but the similarity of their coarse

grain sediments is also apparent (Fig. 15).

The seven community clusters which are graphi-

cally separated in Figures 35 and 36, and are
plotted on the bay chart in Figure 37, are listed

in Table 28. The clustering of benthic
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TABLE 27.	 Principal	 Component Matrix; 20 Variables.

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Phoronis	 pallida .30240 -.37857 .60995 .00533 .18635 .15503

Mediomastus californiensis .75355 .00221 .08743 .31029 -.31101 .11133

Capitella capitata .42987 -.31595 .37406 .44688 -.21124 -.01699

Glycinde armigera .49928 -.04557 -.23473 -.15171 .40915 -.12028

Nephtys caecoides .27437 -.16867 -.57155 -.02737 .49504 .29271

Armandia brevis .62435 -.33901 -.14858 -.25051 -.16205 -.33576

Owenia collaris .35741 -.22376 -.34947 .26893 .32847 .02208

Pygospio elegens .11891 .71124 .06000 .27798 .07936 -.20377

Polydora socialis .07181 .10636 .40672 -.55586 .16471 .45324

Eupolymnia crescentis .42340 -.49923 -.21196 -.08754 -.22588 -.28380

Macoma balthica .34381 .48584 -.29158 .03691 -.08434 .31836

Macoma inquinata .54274 -.00796 -.45847 .03819 -.33520 .20228

Macoma nasuta .74142 -.21357 -.09586 .02805 .10193 .10121

Cryptomya californica .35593 -.49091 .42621 .34423 .33695 .10212

Leptochelia dubia .71426 .51610 .22722 -.07565 -.02364 .04254

Eohaustorius sp. -.30301 .23979 .00761 .16479 .33582 -.42609

Corophium brevis .38159 .79442 .03790 -.04458 .00446 .07918

Amphithoe valida .41851 -.28005 .14089 -.58202 -.06356 -.27254

Paraphoxus milleri -.39731 -.11872 -.09942 .01645 -.26100 .37349

Paraphoxus spinosus .61443 .60170 .21061 -.07445 .07064 -.04496
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CANONICAL VARIABLE X

Figure 35. Canonical correlates plot of clusters 1-6 (19 variables,

86 stations).
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Figure 36. Expanded canonical correlates plot of clusters 1, 2, 4, 5

and 7 (19 variables, 86 stations).
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CLUSTER ANALYSIS
BENTHIC INVERTEBRATES

Figure 37. Plot of benthic invertebrate stations according to cluster

analysis.
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organisms is not necessarily spatially continu-
ous, and is dependent upon the physical and

biological influences. For such an unconsolidated

substrate environment the primary physical con-
straints are the sediment grain size, availability

of organic matter, and the tidal level. Bio-

logical interactions such as the modification of

the sediment composition by tube-building

organisms or burrow-forming organisms, predation,

feeding mechanisms, and the association of
plants are all factors delineating the clusters

of benthic invertebrates.

TABLE 28. Listing of Benthic Invertebrate

Stations (according to the community

clusters).

Transect	 Station	 Benthic Stations

Cluster I

10 1 14

10 2 15

10 4 16

10 5 17

10 6 18

10 7 19

10 8 20

9 1 29

9 2 30

9 3 31

9 4 32

9 6 34

8 7 35

8 7 50

8 8 51

8 10 52

8 12 54

8 13 55

7 5 69

7 9 72

7 10 73

6 11 101

6 12 102

5 6 120

5 7 121

5 9 123

Cluster II

9 5 33

8 2 45

3 3 46

8 4 47

8 5 48

TABLE 28.	 Continued

Transect Station Benthic Stations

Cluster	 II	 (cont.)

8 6 49

8 11 53

7 2 66

7 12 75

5 5 119

5 8 122

Cluster	 III

5 2 115

5 3 116

4 6 141

4 8 143

4 9 144

Cluster IV

10 9 21

9 8 36

9 9 37

9 10 38

8 14 56

8 15 57

7 11 74

6 2 92

6 3 93

6 4 94

6 5 95

3 5 159

3 6 160

Cluster V

8 1 44

7 1 65

7 6 70

7 7 71

6 10 100

5 10 124

5 12 126

4 4 139

Cluster VI

7 3 67

7 7 71

6 6 96

6 7 97

6 8 98
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TABLE 28.	 Continued.

Transect Station Benthic Stations

Cluster VI	 (cont.)

6 9 99

5 4 118

5 11 125

5 13 127

4 3 138

4 5 140

3 3 157

3 4 158

Cluster VII

6 1 91

5 1 114

4 1 136

4 2 137

4 7 142

3 1 154

3 2 155

2 1 163

2 2 164

1 1 169

The abundances of the 20 species within the
seven community clusters are listed in Table 29,

along with the ratios of polychaete, bivalve, and

crustacean species which are found in each

cluster. The characteristics of cluster I in-

clude coarse sediments, an association with the

main channel region, and a dominant assemblage

of such species as Eohaustorius sp. and Macoma

balthica (refer to the Distributional Patterns

section for specific information concerning these
species). Cluster II is indicative of sandy

deposit regions (such as the eddies of channels)

and the abundance of Pygospio elegans, Leptochelia 
dubia, and Corophium brevis shows that organic
material is very previTiTT-within the surface
sediments. These three tube-dwelling species,
which we consider opportunistic species, can be
transported readily by the bay currents and tend

to aggregate in regions of high organic content

(Table 23 and the Distributional Patterns sec-
tion). Though Cluster III consists of only five

stations, it was distinguishable as regions of

homogeneous silty deposit. The tube dwelling

spionid polychaete Polydora socialis characterizes

the stations of cluster III, along with substan-
tial numbers of Leptochelia dubia.

The eelgrass beds (Zostera marina L.) of the
western and eastern po7TiWITOTTET-bay were
separated primarily by cluster IV, but some of
the samples particularly in the sandy boundary
regions of the eelgrass beds were sorted into

cluster VI. Those eelgrass beds with homogeneous

silt for their entire depth were all sorted into

cluster IV. A comparison of the species abundances

for clusters IV and VI (see Table 29) shows the

divergence of the clusters with respect to the
dominant crustacean and polychaete species.

Cluster IV stations were relatively devoid of

amphipod species, while Owenia collaris and

Pygospio elegans were two of therT07Cliäete
species that dominate. The continuity of clusters

IV and VI is believed to be due to the occurrence

of macro-benthic species such as Upogebia pu9ett-

ensis and Eupolymnia crescentis, which modify

the substrate composition and thus determine the
species which can co-occur. In general, cluster

VI stations are found in silty deposit regions

along the channel network of the central and

southern bay as well as in the sandy boundary

regions of the eelgrass beds, areas with a very

high abundance of the deposit feeder Eupolymnia 

crescentis. Other numerically dominant species

of cluster VI are Armandia brevis, Amphithoe 

valida, and Mediomastus cal g ensis.  Arman-

dia brevis is a free burrowing, surface se invent

inhabitant and has been implicated as an important
species in space competition with tube-building

surface organisms (Woodin, 1974). The vast
numbers of Mediomastus californiensis in this

cluster could indicate that the sediments below
the surface layer were particularly enriched with

organic matter because of the depth at which this

worm is found and it's feeding mechanism (in-

gestion of the substrate).

Characteristic features of cluster V are the

predominance of Macoma balthica, Macoma inquinata.

and Corophium brevis, and the very high ratios of

polychaete, bivalve, and crustacean species.

Spatially, the stations of cluster V are located

in marginal zones about eelgrass beds and along
the edge of some minor channels, both areas that

were covered by a green filamentous algal mat.

Cluster VII was derived by splitting cluster I

after the algorithm separated 6 clusters from the

species counts. The initial reasoning for esta-

blishing cluster VII was based upon the number

of stations sorted together under cluster I, and

the spatial dichotomy of the stations grouped

initially in cluster I. From the sediment grain
size data (Fig. 15) it is evident that the regions

of cluster I and cluster VII (Fig. 37) both have

sandy sediment types. The area of cluster I is
exposed to strong tidal current influences,
whereas the stations of cluster VII are not
exposed to the extremes of water currents and are
at a much higher tidal level. Cluster VII sta-

tions are almost all within Callianassa califor-

niensis beds. The relative species abundances

and the species ratios (Table 29) reflect the

sandy sediments by their dominance of the crusta-
cean species and the reduced numbers of poly-

chaete species. This trend in crustacean species
dominance for the sandy substrate environment

correlates with the feeding mechanisms of the

amphipods and polychaetes (Table 23), and to the

quantity of organic carbon present in the sub-

strate (Fig. 13). Thus the sandy sediments and

the low organic carbon content of the stations

of cluster VII have excluded the deposit feeding
polychaetes, while providing suitable habitat for

the filter feeding and detritivore crustaceans.
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TABLE 29. Species Abundances in Community Clusters for 20 Variables.

CLUSTERS

SPECIES
	

IV	 V	 VI	 VII

Phoronis pallida	 0	 0	 5	 2	 1	 38	 0

Mediomastus californiensis 	 12	 130	 24	 329	 527	 2660	 5

Capitella capitata	 38	 0	 0	 0	 1	 214	 1

Glycinde armigera	 7	 38	 3	 18	 17	 15	 2

Nephtys caecoides	 0	 0	 0	 1	 1	 0	 0

Armandia brevis	 0	 2	 1	 4	 11	 64	 0

Owenia collaris	 0	 8	 0	 157	 15	 57	 0

Pygospio elegans	 757	 12743	 0	 164	 111	 69	 0

Polydora socialis	 0	 0	 2201	 0	 0	 0	 3

Eupolymnia crescentris	 0	 0	 1	 56	 4	 59	 0

Macoma balthica	 171	 84	 20	 18	 184	 34	 7

Macoma inquinata	 0	 3	 0	 12	 148	 38	 0

Macoma nasuta	 4	 31	 7	 49	 42	 100	 1

Cryptomya californica	 7	 7	 9	 41	 0	 74	 6

Leptochelia dubia	 8	 4350	 510	 57	 1072	 1156	 144

Eohaustorius sp.	 300	 33	 0	 0	 2	 0	 95

Corophium brevis	 22	 2024	 183	 0	 683	 28	 49

Amphithoe valida	 44	 4	 11	 18	 6	 125	 34

Paraphoxus milleri	 52	 0	 0	 0	 0	 0	 0

Paraphoxus spinosus	 10	 328	 72	 5	 74	 122	 37

Polychaetes (9 species)	 4/9	 5/9	 6/9	 8/9	 9/9	 8/9	 4/9

Bivalves (4 species)	 3/4	 4/4	 3/4	 4/4	 3/4	 4/4	 3/4

Crustaceans (6 species)	 6/6	 5/6	 4/6	 3/6	 5/6	 4/6	 5/6

# of stations/cluster 	 26	 11	 5	 13	 8	 13	 10
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TABLE 30. Measurements of Diversity Within Community Clusters I - VII ; 20 variables.

Shannon Index     

HE = -	 p log p.j	 e j

HMAX = log e N

S	 HMAX(S) = loge S

I	 II

CLUSTERS

III IV V VI VII

HE 1.478	 1.016 0.937 1.963 1.738 1.521 1.707

HMAX 7.266	 9.893 8.022 6.836 7.972 8.487 5.950

HE/HMAX 0.203	 0.103 0.117 0.287 0.218 0.179 0.287

HMAX(S) 2.564	 2.639 2.565 2.708 2.833 2.773 2.465

HE/HMAX(S) 0.576	 0.385 0.365 0.725 0.614 0.549 0.687

N 1432	 19785 3047 931 2899 4853 384

S 13	 14 13 15 17 16 12

C 0	 0 0 0 0 0 0

HMAX(C) 2.996	 2.996 2.996 2.996 2.996 2.996 2.996

HE/HMAX(C) 0.493	 0.339 0.313 0.655 0.580 0.507 0.569

C 20	 20 20 20 20 20 20

Simpson's Index

SDI	 =	 1- 2
P•

S

I	 II III IV V VI VII

SDI	 0.658	 0.526	 0.446	 0.802	 0.766	 0.638	 0.764

Margalef's Index 

ODI	 S- - I
log e N

I	 II	 III	 IV	 V	 VI	 VII

ODI
	

1.651	 1.314	 1.495	 2.047	 2.006	 1.767	 1.848
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TABLE 31. Similarity Measures Between Community Clusters I - VII ; 20 Variables.

Similarity Index

SIMI	 - 	

P
 1	 mi P ni

mn 

P2	 p2j 

"1•1	 j = 1	 nj

Blocks

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(1)

1.000000

.856460

.006923

.384385

.125558

.047391

.217602

(2)

1.000000

.084731

.423368

.396062

.159887

.292105

Blocks

(3)

1.000000

.041233

.217969

.101340

.218284

(clusters

(4)

1.000000

.453075

.808292

.143783

(5)

1.000000

.657990

.744608

(6)

1.000000

.350485

(7)

1.000000

Taxonomic Distance

Blocks

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(1)

0

.126337

.889096

.339131

.504359

.669653

.453609

(2)

0

.941242

.412506

.444324

.703477

.514639

Blocks

(3)

0

.724572

.631356

.825283

.632291

(clusters)

(4)

0

.237030

.127201

.371713

(5)

0

.213024

.120144

(6)

0

.393122

(7)

0
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Though community clusters may not distinguish

entire biological communities, they are consider-

ed to represent the dominant species assemblages
within the Netarts Bay benthic community. Di-

versity and similarity measures have been used to
estimate the variability of species richness and

the commonness of species associations between
benthic community clusters. Diversity (weighted
species diversity) is based upon the number of

species within a sample and their relative

abundances. Three diversity indices were used for

comparative purposes, these are the Shannon Index

(Pielou, 1966), Simpson's Index (Fager, 1972), and

Margalef's Index (Margalef, 1968). Since the data

discussed and analyzed herein are representative

of samples taken during a period of one month in

the summer of 1975, the data is static and cannot
indicate the temporal trends of such a dynamic

benthic community.

The Shannon and Simpson Indices are based upon

the proportions (p.) of the community clusters
belonging to the j /th species (see Table 30).
The Shannon Index predicts the degree of uncer-

tainty of selecting a particular species from the

community cluster, and the greater the diversity

index is the greater the uncertainty that one will

be able to predict the species of an animal

chosen at random. Simpson's diversity index is a

measure of commonness, or the probability that
any two individuals selected at random from a
community cluster will be of the same species

(Pielou, 1975). With the Simpson Index, since it

is determining the opposite of diversity, the
S.D.I. values are expressed as an inverse of the

function and thereby coincide with the other
diversity indices (the greater the value the

greater the species diversity). Both the Shannon

and Simpson indices serve as a measure of the

probability of inter- versus intra-specific
encounters (Fager, 1972), such that the greater

the species diversity for a community cluster the

greater the probability of interspecific inter-

actions. However, this generalization may not

adequately account for the life styles of many

benthic invertebrate organisms such as aggre-
gating, tube-building species.

The problem of making valid comparisons between
the diversity values of samples with different

numbers of species (5) and different total num-
bers of individuals (N) can be overcome by using

the scaled evenness of the Shannon diversity

index (Eager, 1972). The evenness of individuals
(N) distributed among the species (S) is expressed

as the ratio of the observed diversity (HE) to

that of the maximum diversity (HMAX) for the num-
ber of species in the sample (Pielou, 1975). For
the community cluster data three separate HMAX
values and three evenness values were computed

for comparing the scaled evenness values accord-
ing to the HMAX used. The HMAX values used were

HMAX = In N, HMAX(S) = In S, and HMAX(C) = In C

where C is the total number of species considered
in the sampled community cluster. Of these three

HMAX values, Pielou (1966, 1975) suggests using

HMAX(S) as the best approximation of the maximum
diversity for a community sample. HE/HMAX(S)
describes the evenness (or the ratio of observed

diversity to that of the maximum diversity for a

sample with the same number of species) relative
to the number of species present in each of the

community clusters and is also considered the

most comparable value for evenness.

Margalef's diversity index is a simplified
diversity index, and is not based upon relative

species abundances (see Table 30 for equation).
Such a simplified diversity index is valid only
for species with normal distributions (Margalef,

1968), and as mentioned previously all species

counts were treated as log transformed counts in

order to normalize their distributions. There-

fore, the analysis and comparison of these three

diversity indices should serve as a relative

expression of the amount of feed-back within the

species assemblage or community cluster (e.g.

greater diversity implies greater food chain

complexity), and as reinforcement of the separate
community clusters within the bay.

Table 30 lists the diversity results for each

of the community clusters (HE, Shannon Index;

SDI, Simpson's Index; and ODI, Margalef's Index).

A ranking of the indices results from the highest

to lowest diversity shows a consistant order of

diversity among the community clusters. Clusters

IV, V, and VIII have the greatest diversity,

respectively, and all are representative of dis-

crete, seasonally stabilized species assemblages

(e.g. eelgrass bed, algal mat, and Callianassa 

bed). Clusters VI and I are similar in diversity

for the three indices, and fell consistantly
below IV, V, and VII but above II and III in
diversity. The evenness results in Table 30

(HE/HMAX, HE/HMAX(S), HE/HMAX(C) ) substantiate
the rank order of community cluster diversity,

with the greatest evenness in cluster IV (HE/HMAX(S)
= 0.725) and the lowest in cluster III (HE/HMAX(S)
= 0.365). Since evenness is a measure of the

equitability of individuals distributed among the

species of a community sample or collection
(Pielou, 1966), the comparison of the community

cluster values indicate that the clusters with the
greatest seasonal stability (cluster IV, eelgrass

beds; cluster VII, Callianassa beds; and cluster

V, algal mat regions) have the greatest evenness.

Another comparison of the relatedness of the

community clusters are measures of similarity

between community clusters, which are based upon

the proportions (p,) of individuals of the j-th

species that are fond in a community cluster
(m). The two indices used are considered

analogous to correlation (whether two variables
are interdependent) (Table 31), they are the

Similarity Index (SIMI mn ) and Taxonomic Distance

(DIST	 ).
mn

Values of the Similarity Index, where the

closer the value approaches 1.0 the greater the
similarity between clusters, indicate that the

greatest similarity exists between community
clusters I and II (SIMI I II = 0.85, Table 31).
Both clusters I and II are characterized by their

generally low species abundances except for a few

very dominant opportunistic species such as

Poospio elegans and Eohaustorius sp. for cluster
I, and P. elegans,  Leptochelia dubia, and Coro-

phium brevis for cluster II. Spatially, the
stations which comprise these clusters are very

closely associated (Fig. 37), and they are all
found in regions of coarse sediments. The second

greatest similarity is found between clusters IV
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and VI, which have been discussed extensively with
eelgrass beds but distinct in their species

assemblages. Clusters V and VII have a similarity

index of 0.74, and yet in contrast to the preced-

ing correlated clusters they are spatially dis-
tinct (Fig. 37). The Callianassa bed region of

the western shore constitutes the majority of
cluster VII and algal mat covered deposit areas of

the central bay comprise the stations of cluster

V, both of these community clusters have been

characterized as seasonally-stabilized species
assemblages.

The results of the Taxonomic Distance similar-
ity measure appear as the inverse of the Similarity

Index results, the lower the calculated value of
DISTmn the lower the taxonomic distance and

hence the greater the similarity of community
clusters. The Taxonomic Distance results rein-

force the similarity measures of the Similarity

Index (Table 31). It is interesting to note

that cluster III is shown consistantly by both

similarity measures to be the most dissimilar of

clusters, and that this trend may be explained
by the dominance of Polydora socialis in the

stations of cluster III.

Both physical and biological factors determine

the occurrence and composition of species

assemblages within a marine benthic community such

as Netarts Bay. The measurements of these factors

can be quantitative for a habitat's physical para-

meters (i.e. sediment grain size), but for the

biological interactions only correlation of

species counts is possible for a study of this

magnitude (Pearson's Correlation Coefficient).

The primary environmental variables which delin-

eate the distribution of species and consequently

community clusters are considered to be the sub-
strate characteristics, salinity, and the tidal

level. The salinity is relatively constant
throughout the bay during the sumer season

and no data was collected for the specific tidal

height of each station. Sediment grain size and
the percent Organic carbon content were the two

substrate characteristics determined for each of

the benthic invertebrate sampling stations; and

these are compiled according to the community

clusters (Table 32) in order to test the correla-

tion between the substrate characteristics and

the distribution of community clusters. A linear
regression of each species on sediment sizes and

on both sediment sizes and organic carbon content

were run to test the degree of correlation between

the species counts and the substrate type (Table

33). In addition, a regression of the standard-

ized species principal components (20 variables)
on sediment size and organic carbon was run
(Table 34).

The means for the sediment grain size (phi =
-log2 sediment diameter in mm) of each community

cluster show very little variation (Table 32);
but those four clusters with the highest mean phi
index, clusters III - VI, also have the highest

percentages of organic carbon (Table 33). This

result would be expected since the larger the
phi value is the finer the sediment and the
greater the amount of trapped organic matter.

Cluster I has the lowest mean phi and corres-
pondingly the lowest percentage of organic
carbon, and the stations are in the current swept

northern portion of the bay. Conversely, the

homogeneous silty eelgrass beds are represented

by cluster IV, which shows the highest mean phi

and percent organic carbon content. In general,

the phi sizes and percent organic carbon for the

community clusters substantiate the correspondence

between finer sediments, greater organic carbon
content, and higher diversity; but the quantita-

tive value of this discrimination is uncertain.

Table 33 lists the results of the linear re-
gression of each species versus sediments only

and versus sediments and organic carbons. Since
these values represent the percentage of varia-

bility of a species' counts explained by the

factor, it is evident that sediments alone show

very little significance concerning the species
occurrence in the bay. Sediments and organic

carbon content together do explain a greater
proportion of the variability of species occur-

rences, yet the level of significance remains

relatively low. Of the three species with the

highest R values, Mediomastus californiensis and

Leptochelia dubia are considered ubiquitous in

the bay, whiTe 75e terebellid polychaete

Eupolymnia crescentis is found only in regions

of high organic content such as along minor
drainage channels. Other species with R values

greater than 0.5, which include the Paraphoxus 

species, two Macoma species, and Armandia brevis,

are all surface sediment feeders along with

Leptochelia dubia and Eupolymnia crescentis. Only
Mediomastus californiensis is not a surface deposit

feeder, but it is a deposit feeder at depths.

Thus, the availability of food resources (organic

matter) appears to play a significant role in the

distribution of some of the deposit feeding

species, but the correlation of species counts

and the substrate characteristics is generally

poor.

TABLE 32.	 Mean and Ranges of Sediment Sizes (Phi)

According to Community Clusters.

Cluster	 Mean Range

I	 2.28

(n=26)

1.65 - 8.31

II	 2.36

(n=11)

1.91 - 5.05

III	 3.05

(n-5)

1.81 - 8.31

IV	 3.08

(n=13)

1.87 -	 11.05

V	 2.81

(n=8)

1.89 -	 7.36

VI	 2.89

(n=13)

1.72 -	 10.85

VII	 2.48

(n=10)

1.89 -	 7.12

Mean of mean phi = 2.637 s = 0.633
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TABLE 33.	 Mean of Ranges of % Organic Carbon

According to Community Clusters.

Cluster Mean Range

(n=25)

II

(n=11)

0.132

0.407

0.030 - 0.732

0.155 - 0.724

III

(n=5)
0.763 0.291 -	 1.370

IV

(n=13)
0.925 0.065 - 2.274

V
(n=8)

0.790 0.381 - 1.434

VI

(n=13)

0.870 0.120 - 2.651

VII

(n=10)

0.353 0.140 - 0.752

Mean of mean = 0.650 s = 0.648

The regression of the standardized species

principal components (20 variables) on carbon and

sediments is shown below in Table 34. Principal

component 1 appears to explain a significant

amount of the variance within the sediment and

carbon data (R = 0.72). Since the principal
components were derived from the species counts,

this result indicates that the principal com-

ponent with the closest fit to the invertebrate
species counts (factor 1) has a high correlation
with the substrate characteristics. Thus, this

is indirect evidence that the substrate is the
primary factor determining the distribution and

association of species within this marine benthic

community. It will become more apparent in the

following section what the role of biological
interactions are in determining species assem-

blages, directly (resource competition) and

indirectly (modification of the substrate

characteristics).

TABLE 34. Regression of Standardized Species

Principal Components on Carbon and
Sediments (20 variables).

Factor	 P	 R
2

1 .7218 .5210

2 .3674 .1349

3 .2875 .0826

4 .3611 .1304

5 .3004 .0903

6 .2792 .0779

Pearson's Correlation Coefficient was used to
establish and estimate the degree of association

or interdependence between two invertebrate

species within the Netarts benthic community.

For such a correlation test the significance level

is valid only if the variables are distributed as

bivariate normal variables (Sokal and Rohlf,

1969). Normalizing transformations were carried

out for the species counts, yet some species dis-

tributions remained slightly skewed and so the

significance of the correlation values at the 5%

level is not truely valid (but closely approxi-
mating). Table 35a gives the positive correla-

tion coefficients which are significant for
approximately the 5% level, while the negative

correlation coefficients significant at approxi-

mately the 5% level are shown in Table 35b. The

results indicate that surface inhabiting species
and particularly the opportunistic species
Leptochelia dubia, Corophium brevis, Pygospio 

ele ans, and Paraphoxus spinosus are all very

c ose y associated in their station occurrences.

This could reflect their common exploitation of

some patchy food resource, or possibly the modi-

fication of the substrate characteristics by one

species allowing the other tube-building species

to establish. Judging from the distribution

data, all four of these species are considered
ubiquitous and they may be established throughout

the bay only during the summer season when the

sediment and organics deposition is the greatest.

Two invertebrates commensal in the burrow

system of Callianassa californiensis,  Phoronis 

pallida and Cryptomya californica, were shown as

expected to have the greatest correlation.

Another significant correlation exists between
the surface burrower Armandia brevis and the

terebellid Eupolymnia crescentis, both deposit
feeders in regions of higgh organic carbon content

(Cluster VI). It is interesting to note that the
three Macoma species were most highly correlated

with wide-Tidivergent species, possibly indicative
of their ecological separation.

Negative correlation coefficients which are
significant at approximately the 5% level (Table

35b) may represent either active competitive ex-

clusion between species, or simply divergent

micro-habitat selection by the species. The
spionid polychaete Pygospio elegans, which is the

dominant species of cluster III, is strongly

negatively correlated with Eupolymnia crescentis 

and Amphithoe valida. Since both of these species
are characteriiTTET5f cluster VI, then the nega-

tive correlation between these species serves to

substantiate the divergent species assemblages of
clusters III and VI. The predominant negative

correlations exists between Eohaustorius sp. and
Paraphoxus milleri from the coarse sediment

regions of the bay, and most all other species.

The ubiquitous species Paraphoxus spinosus shows

the greatest negative correlation with its

congener, indicating the divergent correlation

coefficients reinforce many of the community
clusters separations (which one might well expect

since they are both based upon the species
counts), and they emphasize the role of biological

interactions in determining species assemblages.
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TABLE 33. Linear Regression of Each Species on Sediments Sizes and on Both Sediment and Carbon.

Species R

Sediments

R
2

Sediment and Carbon

R
2

Phoronis pallida .2958 .0875 .3418 .1168

Mediomastus californiensis .4676 .2187 .6265 .3925

Capitella capitata .1572 .0247 .3199 .1024

Glycinde armigera .4709 .2218 .4739 .2246

Nephtys caecoides .2124 .0451 .2138 .0457

Armandia brevis .3989 .1591 .5062 .2562

Owenia collaris .1694 .0287 .1833 .0336

Pygospio elegans .3172 .1006 .3334 .1111

Polydora socialis .3628 .1317 .3715 .1380

Eupolymnia crescentis .5679 .3225 .6042 .3651

Macoma balthica .3865 .1494 .4189 .1755

Macoma inquinata .4521 .2044 .5041 .2541

Macoma nasuta .3937 .1550 .5104 .2605

Cryptomya californica .2782 .0774 .3160 .0998

Leptochelia dubia .3596 .1293 .5906 .3489

Eohaustorius	 sp. .3770 .1421 .4044 .1635

Corophium brevis .3006 .0904 .4603 .2119

Ampithoe valida .4225 .1785 .4475 .2003

Paraphoxus millers .4574 .2092 .5267 .2773

Paraphoxus spinosus .3535 .1250 .5272 .2780
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SUMMARY

1. Netarts Bay was divided into ten east-west

transects set up at 2000 ft. intervals in the

north-south direction. A total of 86 stations

were sampled along these transects, and at each
station	 replicate infaunal core samples and

surface sediment samples were taken for analysis

of grain size and organic carbon.

2. A total of 87 invertebrate species were

found in the bay, although this number is not
exhaustive since mainly infaunal core specimens

were sought. Sixty two species of invertebrates
were found in core samples after passing the sedi-
ment through a 2 mm seive followed by a 1 mm

seive. Criteria of species abundance and sampling
adequacy reduced the initial number of species to

be analyzed statistically to 41. More information

regarding species distribution was obtained when

the species list was reduced from 41 to 20.

3. Select species were treated as indicating

distinct distribution patterns. Dense aggrega-

tions of blue mud shrimp, Upogebia pugettensis,

were found in regions termed Zostera lakes" and

large distributions of the ghost shrimp,

Callianassa californiensis, and lug worm,

Abarenicola pacifica, were found along the western

shore of the bay. Species size and depth of

occurrence in the sediment was found to influence

distributional patterns. This is reflected in the

small, surface occurring species (e.g. Macoma

balthica, Paraphoxus spinosus, LeptocheriTITbia,

Corophium brevis and Pygospio elegans) being found

throughout much of the bay while the larger and

deeper burrowing species (e.g. Upoqebia pugetten-
sis, Callianassa californiensis, Macoma nasuta,
and M. inquinata) were restricted to portions of

the bay exhibiting the appropriate sediment

charactersitics at this depth ("Zostera lakes"
and east-southeastern portions of the bay). The
amphipods, Paraphoxus milleri and Eohaustorius sp.

normally found in open ocean beaches, have ex-
ploited the sandy, fast moving currents and high
salinity of the bay.

4. Data obtained from Thomas Gaumer of the
Oregon Department of Fisheries and Wildlife indi-

cate that the cockle, Clinocardium nuttalli, is

by far the most abundant large bivalve of the bay

and to a lesser extent the gaper clam, Tresus 

capax.

5. The statistical analysis of the benthic

invertebrate data has involved descriptive sta-
tistics, principal component analysis, algorith-

mic clustering of sample stations, community di-
versity and similarity analysis, canonical dis-

criminant analysis, multiple regression of each
species on the environmental variables, and

Pearson's correlation coefficient. The analysis

of the data was directed at determining if dis-

crete species assemblages existed within the
temporal mosaic of the Netarts Bay marine benthic

community, and how the physical and biological
variables correlated to the distribution of the
species assemblages. Log normalized species

counts were used for all analyses except the
descriptive statistics and the diversity and
similarity analysis.

6. The principal components derived using 41

species counts did not summarize the samples

adequately, with the problem being the predominance

of zero counts in the data. Principal component

analysis using the 20 most abundant species mark-

edly improved the percent of variance explained by

the first factor, but the separation of species

assemblages was not distinct. The log normalized

counts of 19 species were used for the algorithmic

clustering of the benthic sample sites. Seven
community clusters or species assemblages were

separated from the 86 sample stations, and the
canonical discriminant analysis proved the clusters

to be significantly discrete.

7. The benthic community clusters were not

spatially continuous, and the dominant species

assemblages were described for each cluster.

Several of the clusters were characterized by

macro-benthic species such as Upoqebia pugettensis 

within the eelgrass beds of cluster IV and
Eupolymnia crescentis in the stations of cluster

VI, while others were dominated by surface in-

habiting, tube-building species such as Polydora

socialis in cluster III.

8. Diversity and similarity measures were

used to estimate the variability of species rich-

ness and the commonness of species associations

within the Netarts benthic community. Three

diversity indices were used for comparison of

results, the Shannon Index, Simpson's Index, and

Margalef's Index. The scaled evenness value of

the Shannon Index was used to alleviate the pro-

blem of making valid comparisons between samples

with different total numbers and numbers of

species. Clusters IV, V, and VII showed the

greatest diversity, and are considered to repre-
sent seasonally stabilized species assemblages.
The evenness results substantiated the rank order

of community cluster diversity. The degree of

similarity between community clusters was tested
using the Similarity Index and Taxonomic Distance.

The greatest similarity of species assemblages

is between clusters I and II, and the second
greatest is between clusters IV and VI. Cluster

III is shown consistantly to be the most dis-

similar of the species assemblages, and it is
characterized by Polydora socialis.

9. Sediment grain size and the organic carbon

content of the substrate are considered primary

environmental variables determining the distri-

bution and abundance of invertebrate species

within the Netarts benthic community. A compari-

son of the mean grain size for the community
clusters shows very little variation, but there

is a correspondence between decreasing sediment
grain size and increasing organic carbon content.

A linear regression of each species (20 species)
versus sediments and organic carbon content

shows that very little of the variation in species

counts can be explained by the sediments. A

regression of the principal components (20 species)
on carbon and sediments indicates factor 1 ex-
plains a significant amount of the variance in

the sediment and carbon data.

10. Pearson's Correlation Coefficient was

used to estimate the degree of association between
two invertebrate species, based upon log normalized
species counts. Surface sediment inhabiting
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species Leptochelia dubia, Corophium brevis,

Pyclospio elegans, and Paraphoxus spinosus were
all very closely associated. Phoronis pallida 

and Cryptomya californica, comenTilTa7Tof
Callianassa californiensis burrows, were shown

as expected to have the greatest correlation.

The predominant negative correlations were

between the two amphipod species from the coarser

sediments regions of the bay, Eohaustorius sp.
and Paraphoxus s inosus, and most all other
species. The correlation coefficients reinforce
many of the community cluster separations and
emphasize the role of biological interactions

in determining species assemblages.
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APPENDIX A

BENTHIC INVERTEBRATE STATIONS ACCORDING TO
THE OREGON PLANE COORDINATE SYSTEM
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APPENDIX A

Transact	 Station	 L_

I	 169	 642,448.C1	 1,110,699.46

II	 163	 644,451.13	 1,110,539.15
164	 1,110,839.15

III	 154	 646,448.02	 1,111,026.67
155	 1,111,426.67
157	 "	 1,112,226.67
158	 "	 1,112,826.67
159	 "	 1,113,626.67
160	 "	 1,114,426.67

IV	 136	 648,448.52	 1,111,345.52

137	 11	 1,111,945.52
138	 "	 1,113,145.52
139	 n	 1,113,945.52
140	 ”	 1,114,345.52
141	 ”	 1 ,115,145 .52

142	 11	 1,115,945.52
143	 11	 1,116,345.52
144	 11	 1,116,745.52

V	 114	 650,449.19	 1,112,132.73

115	 “	 1,112,532.73
116	 „	 1,112,932.73
118	 11	 1,113,332.73
119	 11	 1,113,732.73
120	 11	 1,114,132.73
121	 II	 1,114,532.73
122	 n	 1,114,932.73
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650,449.19
19

652,448.01

ft

If

St

Is

654,468.93

APPENDIX A. Continued.

VI

VII

19

fI

Station 

123

124

125

126

127

91

92

93
94

95
96

97

98

99
100

101

102

65

66

67

68

69

70

71

72

73
74
75
76

x

1,115,532.73

1,115,932.73

1,116,732.73

1,117,532.73

1,117,932.73

1,112,798.47

1,113,198.47

1,113,598.47

1,113,998.47

1,114,398.47

1,114,798.47

1,115,198.47

1,115,598.47

1,115,998.47

1,116,398.47

1,118,598.47

1,118,998.47

1,113,217.98

1,113,617.98

1,114,017.98

1,114,417.98

1,114,817.98

1,115,217.98

1,115,617.98

1,116,417.98

1,116,817.98

1,117,617.98

1,118,017.98

1,118,317.98

Transect 

V
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APPENDIX A. Continued.

Transact	 Station 

VIII	 44	 656,438.94	 1,113,765.86
45	 1,113,965.86
46	 ft	 1,114,365.86
47	 .	 1,114,765.86
48	 "	 1,115,165.86
49	 "	 1,115,565.86
50	 "	 1,115,965.86
51	 "	 1,116,265.86
52	 .	 1,116,965.86
53	 "	 1,117,365.86
54	 "	 1,117,765.86
55	 "	 1,118,310.86
56	 le	 1,118,410.86
57	 "	 1,118,460.86

IX	 29	 658,448.0o	 1,114,229.62
30	 "	 1,114,629.62
31	 II	 1,115,029.62
32	 “	 1,115,429.62
33	 "	 1,115,829.62
34	 "	 1,116,229.62
35	 "	 1,116,629.62
36	 „	 1,117,1429.62
37	 .	 1,117,529.62
38	 ft	 1,117,629.62

X	 14	 660,448.00	 1,113,867.19
15	 "	 1,114,067.19
16	 "	 1,114,667.19
17	 Il	 1,115,067.19

18	 .	 1,115,467.19
19	 .	 1,115,867.19
20	 .	 1,116,267.19
21	 .	 1,117,767.19
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APPENDIX B

SPECIES OCCURRENCES FOR BENTHIC CORE SAMPLES
(41 Species)
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APPENDIX B

Species Station

0101 0201 0202 0301 0302 0303 0304

Abarenicola pacifica 0 0 0 0 0 0 0

Mediomastus californiensis 1 0 0 0 0 12 11

Capitella capitata 0 0 0 0 0 1 0

Glycera convoluta 0 0 0 0 0 0 0

Glycinde arn liara 0 2 0 0 0 0 2

Nephtys californiensis 0 0 0 0 0 0 0

Nephtys caecoides 0 0 0 0 0 2 0

Ophelia assimilis 0 0 0 0 0 0 0

Euzonus mucronata 0 0 0 0 0 0 0

Euzonus williamsi 0 0 0 0 0 0 0

Armandia brevis 0 0 0 0 0 1 5
Haploscoloplos elongatus 0 0 0 0 0 0 0

Owenia collaris 0 0 0 0 0 0 1

Eteone californica 2 0 0 1 0 0 0

Eteone dilatae 0 1 0 0 0 0 0

Pygospio elegans 0 0 0 0 0 0 0

Pygospio californica 0 0 0 0 0 0 0

Pseudopolydora paucibranchiata 0 0 0 0 0 0 0

Pseudopolydora kempi 5 4 0 0 o o 0

Spio filicornis 0 0 0 0 0 0 0

Spiophanes bombyx 0 0 0 0 0 0 0

Polydora socialis 0 0 0 0 0 0 0

Eupolymnia crescentris 0 0 0 0 0 6 8
Macoma ba1thica 1 0 0 0 0 0 1

Macoma inpuinata 0 0 0 0 0 0 0

Macoma nasuta 0 0 0 0 0 7 7
Cryptomya californica 1 2 0 0 0 12 1

Protothaca staminea 0 0 0 0 0 2 1

Saxidomus giganteus 0 0 0 0 0 0 0

Clinocardium nuttaiiii 0 0 0 0 0 0 0

Phoronis Dallida 0 0 0 0 0 20 0
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APPENDIX B. Continued.

Species	 Station

Leptochelia dubia

Eohaustorius spp.

Corophium brevis

Amphithoe valida

Paraphoxus milleri 

Paraphoxus spinosus 

Photis brevipes 

Hyale grandicornis 

Callianassa californiensis

1122511211 pugettensis 

Total # of individ.

per station

Total # of species

per station

0101 0201 0202 0301 0302 0303 0304

0 0 0 0 78 10 16

0 19 0 22 3 0 0

2 2 4 0 0 0 0

3 4 6 0 1 12 8

0 0 0 0 0 0 0

0 0 0 0 12 0 16

0 0 0 0 0 0 0

0 0 0 0 0 0 0

1 1 0 1 3 0 0

0 0 0 0 0 0 0

16 35 10 24 97 85 77

8 8 2 3 5 11 12
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APPENDIX B.	 Continued.

Species Station
0305 0306 0401 0402 0403 0404 0405 0406 0407 0408 0409

Ab.pa. 0 0 0 1 0 0 0 0 0 0 10

Me.ca. 13 0 0 1 3 9 58 16 2 3 0

Ca.ca. 0 0 0 0 0 0 0 0 0 0 0

Gl.co. 0 0 0 0 0 0 0 0 0 0 0

Gl.ar. 5 1 0 0 2 8 2 0 0 1 2

Ne.ca. 0 0 0 0 0 1 0 0 0 0 0

Ne.ce. 0 0 0 0 0 0 0 0 0 0 0

Op.as. 0 0 0 0 0 0 0 0 0 0 0

Eu.mu. 0 0 0 0 0 0 0 0 0 0 0
Eu.wi. 0 0 0 0 0 0 0 0 0 0 0

Ar.br. 4 0 0 0 2 9 9 0 0 0 1

Ha.el.

Ow.co.

0
0

0

0

0

0

■..,0

0

0

8
0

1

0

0
0
0

0

0

0

0

0

0

Et.ca. 0 0 0 0 0 0 0 0 0 0 0

Et.di. 0 0 0 0 0 0 0 0 0 0 0

Py.el. 0 0 0 0 1 0 0 0 0 0 0

Py.ca. 0 0 0 0 0 0 0 0 0 0 0

Ps.pa. 0 0 0 0 0 0 0 0 0 0 0

Ps.ke. 0 0 0 0 0 0 0 0 2 0 15

Sp.fi. 0 0 0 0 0 0 0 0 0 0 0

Sp.bo. 0 0 0 0 0 0 0 0 0 0 0

Po.so. 0 0 0 0 0 0 0 162o 3 462 3o

Eu.cr. 12 9 0 0 12 4 3 0 0 0 0

Ma.ba. 1 1 0 0 13 87 0 18 5 2 0

Ma.in. 3 4 0 0 0 86 2 0 0 0 0

Ma.na. 0 0 0 1 18 15 7 0 0 1 4
Cr.ca. 2 0 3 0 0 0 1 0 0 7 2

Pr.st. 0 0 0 0 7 2 0 0 0 0 0

Sa. gi. 0 0 0 0 0 0 0 0 0 0 0

Cl.nu. 0 0 0 0 1 0 0 0 0 0 0

Ph.pa. 0 0 0 0 0 0 1 0 0 3 0

111



APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.

Am.va.

Pa.mi.

Pa.sp.

Ph.br.

Hy.gr.

Ca.cl.

Up.pu.

Total # of
individ.
per station

Total # of
species per
station

0305 0306 0401 0402

Station

0403 0404 0405 0406 0407 0408 0409

1 0 2 0 32 459 15 250 15 151 16

0 0 50 1 0 0 0 0 0 0 0

0 0 1 0 13 1 5 183 2 0 0

3 0 0 0 41 5 3 3 6 2 5

0 0 0 0 0 0 0 0 0 0 0

0 0 3 3 22 2 2 51 4 11 6

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 126 0 0 0

0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 1 0

45 15 59 7 175 695 108 567 39 644 91

10 4 5 5 14 14 12 8 8 11 10
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APPENDIX B.	 Continued.

Species Station

0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511
Ab.pa. 0 0 0 0 0 0 0 0 0 0 0

Me.ca. 1 1 4 26 10 0 1 6 4 21 1994

Ca.ca. 1 0 0 16 0 0 0 0 0 0 12

Gl.co. 0 0 0 0 0 0 0 0 0 0 0

Gl.ar. 0 0 0 0 0 0 3 32 1 3 1

Ne.ca. 0 0 0 0 0 0 0 0 0 0 0

Ne.ce. 0 0 0 0 0 0 1 2 1 1 0

Op.as. 0 0 0 0 0 0 0 0 0 0 0

Eu.mu. 0 0 0 0 0 0 0 0 0 0 0

Eu.wi. 0 0 0 0 0 0 0 0 0 0 0

Ar.br. 0 0 0 10 0 0 0 2 0 0 2
Ha.el. 0 0 0 0 0 0 0 0 0 0 0
Ow.co. 0 0 0 0 1 0 0 0 0 0 0
Et.ca. 0 0 0 0 0 0 0 83 0 0 0
Et.di. 0 0 0 0 20 0 0 0 0 0 0
Py.el. 0 0 0 0 1127 0 2 5144 3 2 0
Py.ca. 0 0 0 0 0 0 0 0 0 0 0
Ps.pa. 0 0 0 0 0 0 0 0 0 0 0
Ps.ke. 0 0 0 0 0 0 0 0 0 0 0
Sp.fi. 0 0 0 0 0 0 1 0 6 0 0
Sp.bo. 0 0 0 0 0 0 15 0 0 0 0

Po.so. 0 34 54 0 0 0 0 0 0 0 0

Eu.cr. 0 0 1 9 0 0 0 0 0 0 0
Ma.ba. 1 0 0 0 3 8 0 2 0 24 7
Ma.in. 0 0 0 0 0 0 0 0 0 42 10
Ma.na. 0 2 0 4 0 0 0 2 0 7 16
Cr.ca. 0 0 0 9 0 0 0 0 0 0 8
Pr.st. 0 0 0 0 0 0 0 0 0 0 0
Sa.gi. 0 0 0 0 0 0 0 0 0 0 0
Cl.nu. 0 0 0 0 0 1 0 3 0 0 0
Ph.pa. 0 1 1 2 0 0 0 0 0 0 1
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APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.

Am.va.

Pa.mi.

Pa.sp.

Ph.br.

Hy.gr.

Ca.cl.

Up.pu.

Total # of
individ.
per station

Total # of
species per
station

Station

0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511

35 34 59 30 632 0 2 589 0 6 410

0 0 0 0 12 2 0 0 0 0 0

5 0 0 1 62 0 1 192 0 106 0

14 0 1 10 0 0 0 0 0 0 1

0 0 0 0 0 1 0 0 0 0 0

4 1 3 2 38 1 0 41 0 10 10

0 3 0 0 0 0 3 0 0 0 0

7 0 0 0 0 0 0 0 0 0 11

0 0 0 0 3 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1

68 76 123 119 1908 15 83 6098 15 222 2484

8 7 7 11 10 6 9 12 5 10 14
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APPENDIX B. Continued.

Species Station

0512 0513 0601 0602 0603 0604 0605 o6o6 0607 0608 0609

Ab.pa. 0 0 0 1 1 0 0 0 0 0 0

Me.ca. 24 154 0 0 0 41 15 67 5o 6 186

Ca.ca. 1 22 0 0 0 0 0 2 8 3 16

Gl.co. 0 0 0 0 0 0 0 0 0 0 0

Gl.ar. 1 5 0 0 0 0 0 1 0 2 0

Ne.ca. 0 0 0 0 0 0 0 0 0 0 0

Ne.ce. 0 0 0 0 0 0 0 0 0 1 0

Op.as. 0 0 0 0 0 0 0 0 0 0 0

Eu.mu. 0 0 0 0 0 0 0 0 0 0 0

Eu.wi. 0 0 0 0 0 0 0 0 0 0 0

Ar.br. 2 0 0 0 0 0 0 3 1 22 9
Ha.el. 0 0 0 0 0 0 0 0 0 0 0
Ow.co. 0 0 0 0 0 0 21 0 2 9 10
Et.ca. 0 0 0 0 0 0 0 0 0 0 0
Et.di. 0 0 0 0 0 0 0 0 0 0 0
Py.el. 0 0 0 0 0 0 0 0 0 0 0
Py.ca. 0 0 0 0 0 0 0 0 0 0 0
Ps.pa. 0 0 0 0 0 0 0 0 0 0 0
Ps.ke. 0 0 0 0 0 0 0 0 0 0 0

Sp.fi. 0 1 0 0 0 0 0 0 0 0 0
Sp .bo. 0 0 0 0 0 0 0 0 0 0 0
Po.so. 0 0 0 0 0 0 0 0 0 0 0
Eu.cr. 0 0 0 0 2 0 4 2 4 0 15
Ma.na. 22 0 0 0 0 0 5 0 1 0 0
Ma.in. 0 0 0 0 0 0 1 8 14 0 1
Ma.na. 7 4 0 5 7 3 0 1 4 14 3
Cr.ca. 0 35 0 1 0 1 12 0 1 0 2
Pr.st. 0 0 0 0 0 0 1 0 0 0 0
Sa.gi. 0 0 0 0 0 1 0 0 1 0 0
Cl.nu. 0 0 0 0 0 0 0 0 1 3 0
Ph.pa. 1 14 0 0 0 0 0 0 0 0 0
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APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.
Am.va.

Pa.mi.

Pa.sp.
Ph.br.
Hy.gr.
Ca.cl.

Up.pu.

Total # of
individ.
per station

Total # of
species per
station

0512 0513 0601 0602
Station
0603 o6o4 0605 o6o6 0607 o6o8 o6o9

6 14 14 2 0 54 0 45 198 63 7
0 0 0 0 0 0 0 0 0 0 0

7 2 33 0 0 0 0 2 1 4 0

1 2 0 1 0 0 0 5 19 24 0

0 0 0 0 0 0 0 0 0 0 0

3 5 11 0 0 0 0 4 6 21 1

0 0 0 0 0 1 0 0 0 46 9
0 0 0 0 0 3 0 0 0 0 0
0 3 0 0 0 0 0 0 0 0 0

0 2 0 0 1 0 0 0 6 0 3

75 263 58 10 11 104 59 140 317 218 262

11 13 3 5 4 7 7 11 16 13 12
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APPENDIX B.

Species

Continued.

0610	 0611 0612 0701
Station

0702 0703 0704 0705 0706 0707 o7o9

Ab.pa. 0 0 0 0 0 0 0 0 0 0 0

Me.ca. 19 2 1 46 0 62 32 0 210 175 0

Ca.ca. 0 0 0 0 0 115 19 0 0 0 0

Gl.co. 0 0 0 0 0 0 0 0 0 0 0
Gl.ar. 3 0 1 0 0 0 0 0 0 0 0
Ne.ca. 0 0 0 0 0 0 0 0 0 0 0
Ne.ce. 0 0 0 1 0 0 0 0 0 1 0
Op.as. 0 0 0 0 0 0. 0 0 0 0 0
Eu.mu. 0 0 0 0 0 0 0 0 0 0 0
Eu.wi. 0 0 0 0 0 0 0 0 0 0 0
Ar.br. 0 0 0 0 0 0 0 0 0 0 0
Ha.el. 0 0 0 0 0 0 0 0 0 0 0
Ow.co. 14 0 0 0 0 0 27 0 0 0 0
Et.ca. 0 0 0 0 0 0 0 0 0 0 0
Et.di. 0 0 0 0 0 0 0 0 0 0 6
Py.el. 0 25o 0 53 875 68 0 0 0 56 0
Py.ca. 0 0 0 0 0 0 0 0 132 0 0
Ps.Da. 0 0 0 0 0 0 0 0 0 0 0
Ps.ke. 0 0 0 0 0 0 0 0 0 0 0
Sp.fi. 0 1 0 0 0 0 0 0 0 0 0
Sp.bo. 0 0 0 0 0 0 0 0 0 0 0
Po.so. 0 0 0 0 0 0 0 0 0 0 0
Eu.cr. 0 0 0 0 0 0 0 0 0 0 0
Ma.ba. 6 69 3 7 0 0 12 76 24 12 2
Ma.in. 0 0 0 5 3 0 3 0 5 10 0
Ma.na. 0 0 1 1 2 4, 11 2 6 6 0
Cr.ca. 0 0 0 0 0 4 1 0 0 0 0
Pr.st. 0 0 0 0 0 0 4 0 0 0 0
Sa.gi. 0 0 0 0 0 1 0 4 0 0 0
Cl.nu. 0 0 0 0 0 0 0 1 0 0 0

Ph.pa. 0 0 0 0 0 0 0 0 0 0 0
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APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.

Am.va.

Pa.mi.

Pa.sp.

Ph.br.

Hy.gr.

Ca.cl.

Up.pu.

Total # of
individ.
per station

Total # of
species per
station

Station

0610 0611 0612 0701 0702 0703 0704 0705 0706 0707 0709

26 0 4 24 45 192 124 0 475 39 0
2 12 0 0 0 0 0 0 0 0 0

84 0 20 34 96 0 0 0 128 265 0

0 0 44 0 4 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

23 0 1 0 3 12 21 8 11 19 0

0 0 0 0 22 2 0 0 0 0 0

0 0 15 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

177 333 90 171 1050 460 254 91 991 583 8

8 5 9 8 8 9 10 5 8 9 2
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APPENDIX B.	 Continued.

Species Station

o710 0711 0712 0801 0802 o8o3 o8o4 0805 0806 o8o7 o8o8

Ab.pa. 0 0 0 0 0 0 0 0 0 0 0
Me.ca. 0 5 0 14 11 21 58 0 1 1 0

Ca.ca. 0 0 0 0 0 115 19 0 0 0 0
Gl.co. 0 0 0 0 0 0 0 0 0 0 0
Gl.ar. 0 0 0 2 0 0 0 4 0 0 2
Ne.ca. 0 0 0 0 0 0 0 0 0 0 0
Ne.ce. 0 0 0 0 0 0 0 0 0 0 0
Op.as. 0 0 0 0 0 0 0 0 0 0 0
Eu.mu. 0 0 0 0 0 0 0 0 0 0 0
Eu.wi. 0 0 0 0 0 0 0 0 0 0 0

Ar.br. 0 0 0 0 0 0 0 0 0 0 0

Ha.el. 0 0 0 0 0 0 0 0 0 0 0
Ow.co. 0 0 0 0 4 0 0 0 0 0 0
Et.ca. 0 0 0 0 0 11 0 0 0 0 0

Et.di. 0 1 0 0 0 0 0 0 0 1 0

Py.el. 0 19 0 0 0 484 2350 390 1290 1 0
Py.ca. 0 0 0 0 0 0 0 0 0 1 0
Ph.pa. 0 1 0 0 0 0 0 0 0 0 0

Ps.ke. 0 0 0 0 0 0 0 0 0 0 0
Sp.fi. 0 0 0 0 0 0 0 0 0 0 0

Sp.bo. 0 0 0 0 0 0 0 0 0 0 0

Po.so. 0 0 0 0 0 0 0 0 0 0 0
Eu.cr. 0 0 0 0 0 0 0 0 0 0 0
Ma.ba. 1 0 0 2 3 1 13 lo 44 2 0
Main. 0 0 0 0 0 0 0 0 0 0 0
Ma.na. 0 0 0 0 1 0 0 0 0 0 0

Cr.ca. 0 0 7 0 0 0 0 4 0 0 0

Pr.st. 0 0 0 0 0 0 0 0 0 0 0

Sa.gi. 0 0 0 0 0 0 0 0 0 0 0

Cl.nu. 0 0 0 0 0 0 0 0 1 0 0

Ph.pa. 0 0 0 0 0 0 0 0 0 0 0
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APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.

Am.va.

Pa.mi.

Pa.sp.

Ph.br.

Hy.gr.

Ca.cl.

Up.pu.

Total # of
individ.
per station

Total # of
species per
station

0710 0711 0712 0801

Station

0802 0803 0804 0805 0806 0807 0808

0 55 0 37 0 320 804 58 330 0 0

3 0 0 0 0 1 0 6 13 1 0

0 41 0 58 1 473 695 136 72 0 0

0 0 14 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 8 0 6 0 67 7 33 39 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 3 0 0 0 0 2 0 0

2 1 5 0 0 0 1 0 0 0 0

0 0 1 1 0 0 0 0 0 0 0

6 131 27 123 20 1493 3947 635 1792 7 2

3 8 4 8 5 9 8 8 9 6
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APPENDIX B.	 Continued.

Species
081C	 0811 0812 0813

Station

0814 0815 0901 0902 0903 0904 0905 0906

Ab.pa. 0 0 0 0 0 0 0 0 0 0 0 0

IIe.ca. 0 0 0 0 43 36 0 0 0 0 9 1

Ca.ca. 0 0 0 0 0 0 0 38 0 0 0 0

Gl.co. 0 0 0 0 0 0 0 0 0 0 0 0

Gl.ar. 0 0 0 0 2 0 0 0 0 0 2 0

Ne.ca. 0 0 0 0 0 0 0 0 0 0 0 0

Ne.ce. 0 0 0 0 1 0 0 0 1 0 1 0

Op.as. 0 0 0 0 0 0 0 0 0 0 0 2

Eu.mu. ,0 0 0 0 0 0 0 0 0 3 1 0

Eu.wi. 0 0 0 0 0 0 2 0 0 0 0 0

Ar.br. 0 0 0 0 0 0 0 0 0 0 0 0

Ha.el. 0 0 0 0 0 0 0 1 0 0 0 0

Ow.co. 0 0 0 0 0 0 0 0 0 0 3 0

Et.ca. 0 3 0 0 0 0 0 0 0 0 0 0

Et.di. C 1 2 0 0 0 0 0 0 0 0 0

Py.el. 0 530 0 1 0 164 0 0 0 0 533 0
Py.ca. 0 0 5 0 0 0 0 0 0 0 0 0

Ps.pa. 0 0 0 0 0 0 0 0 0 0 0 0
Ps.ke. 0 0 0 0 0 0 0 0 0 0 0 0

Sp.fi. 0 0 0 0 0 0 0 0 0 0 0 0

Sp.bo. 0 0 0 0 0 0 0 0 0 0 0 0

Po.so. 0 0 0 0 0 0 0 0 0 0 0 0

Eu.cr. 0 0 0 0 5 0 0 0 0 0 0 0
Ma.ba. 1 4 2 0 0 8 0 1 0 0 4 0
Ma.in. 0 0 0 0 0 0 0 0 0 0 0 0

Ma.na. C 0 1 0 7 0 0 0 0 0 26 0

Cr.ca. 0 0 0 0 0 2 0 4 0 0 3 1

Pr.st. C 0 0 0 0 0 0 0 0 0 0 0

Sa.gi. 0 0 0 0 0 0 0 0 0 0 3 0

Cl.nu. 0 0 0 0 0 0 0 0 0 0 0 0

Ph.pa. C 0 0 0 0 0 0 0 0 0 0 0
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APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.

Am.va.

Pa.mi.

Pa.sp.
Ph.br.

Hy.gr.

Ca.cl.

Up.m.

Total # of
individ.
per station

Total # of
species per
station

Station
0810 0811 0812 0813 0814 0815 0901 0902 0903 0904 0905 0906

2 15 0 0 0 0 0 0 0 0 1502 0

0 0 1 0 0 0 225 0 0 0 1 0

0 9 0 0 0 0 0 0 0 0 248 0

0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 2 0 0 0 0 4 0 0 5

0 0 0 0 3 2 0 0 0 0 92 0

0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 68 0

0 0 0 0 0 5 0 1 0 0 0 0

0 0 0 0 8 0 0 0 0 0 0 0

4 562 11 3 70 217 227 45 5 3 2496 9

3 6 5 2 8 6 2 5 2 1 15 4
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APPENDIX B.	 Continued.

Species Station

0907 0908 0909 0910 1001 1002 1004 1005 1006 1007 1008 1009

Ab.pa. 0 0 0 0 0 0 0 0 0 0 0 0
Me.ca. 0 144 34 3 0 2 0 0 0 0 0 0
Ca.ca. 0 0 0 0 0 0 0 0 0 0 0 0
G1.co. 0 0 0 0 0 0 0 0 0 1 0 0
Gl.ar. 0 1 2 4 0 0 0 0 0 0 0 3
Ne.ca. 0 0 0 0 0 0 0 0 0 0 0 1
Ne.ce. 0 0 0 0 0 0 0 0 0 0 0 1
Op.as. 0 0 0 0 0 0 0 0 0 0 1 0

Eu.mu. 0 0 0 0 0 0 0 0 0 0 0 0
Eu.wi. 0 0 0 0 0 0 0 0 0 0 0 0

Ar.br. 0 0 0 0 0 0 0 0 0 0 0 0

Ha.el. 1 0 0 0 0 0 0 0 0 1 0 0
Ow.co. 0 46 0 0 0 0 0 0 0 0 0 90
Et.ca. 0 0 0 0 0 0 0 0 0 0 0 0

Et.di. 0 0 0 0 0 0 2 0 0 0 0 0

Py.el. 0 0 0 0 0 0 290 210 0 0 0 0
Py.ca. 0 0 0 0 0 0 0 0 0 0 0 0

Ps.pa. 0 0 0 0 0 0 0 0 0 0 0 0

Ps.ke. 0 0 0 0 0 0 0 0 0 0 0 0
Sp.fi. 0 0 0 0 0 0 0 0 0 0 0 0

Sp.bo. 0 0 0 0 0 0 0 0 0 0 0 0

Po.so. 0 0 0 0 0 0 0 0 0 0 0 0

Eu.cr. 0 12 12 0 0 0 0 0 0 0 0 0
Ma.ba. 0 0 3 0 0 5 0 0 0 0 1 0
Main. 0 1 3 0 0 0 0 0 0 0 0 0
Ma.na. 0 0 1 10 0 0 0 0 0 0 0 16

Cr.ca. 0 3 1 5 0 2 0 0 0 0 0 7
Pr.st. 0 0 0 0 0 0 0 0 0 0 0 0

Sa.gi. 0 0 3 0 0 0 0 0 0 0 0 0

Cl.nu. 0 0 0 0 0 0 0 0 0 0 0 0

Ps.pa. 0 0 0 2 0 0 0 0 0 0 0 0
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APPENDIX B. Continued.

Species

Le.du.

Eo.sp.

Co.br.

Am.va.

Pa.mi.

Pa.sp.

Ph.br.

Hy.gr.

Ca.cl.

Up.pu.

Total # of
individ.
per station

Total # of
species per
station

3907 0908 o9o9 0910

Station

1001	 1002 1004 1005 1006 1007 1008 1009

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 54 0 0 0 0 2 0 0

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 5 0 0 9 7 1 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 39
0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0

0 3 3 5 0 0 0 0 0 0 0 0

1 210 62 29 54 14 293 210 9 11 4 157

1 7 9 6 1 4 3 1 1 4 4 7
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Figure 38. Benthic sampling equipment.
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LIMITED SURVEY OF THE BORTHYOFAUNA OF NETARTS BAY, OREGON

INTRODUCTION

Estuaries of the Pacific coast of North America

contrast sharply with the estuaries of the Atlantic

and Gulf coasts. The eastern estuaries are typi-

cally larger, of greater importance, and have

undergone greater environmental alterations (re-
lated to population density and industrializa-

tion). As a result of these differences, more
information is available concerning the biology

and natural resources of Atlantic and Gulf coast
estuaries. During the summer of 1975 a multi-

disciplinary study of the natural resources in

Netarts Bay, Oregon and its watershed was under-
taken to expand our knowledge of a Pacific coast

estuary and to develop the research skills of
student participants. This paper reports the

results of the ichthyofaunal survey conducted as
a part of that survey.

Research on Oregon's estuarine ichthyofauna

has been concentrated on anadromous species and

on the life history and ecology of certain

estuarine inhabitants. Beardsley and Bond (1972)

provide a list of common bay fishes occurring in

Oregon. Larval fishes have been surveyed in

Yaquina Bay and in its nearshore waters (Pearcy

and Myers, 1974; unpubl. data, W. G. Pearcy and

S. L. Richardson, School of Oceanography, Oregon

State University, Corvallis) and Parrish (1966)

discussed the distribution of sport fishes in

Yaquina Bay, but no comprehensive studies on the
occurrence and distribution of estuarine fishes

have been completed. A survey of this type is

being conducted by the Oregon Department of Fish
and Wildlife in Tillamook Bay, Oregon. In 1971,

the Fish Commission of Oregon conducted a study

of the recreational utilization of fishes in 15

Oregon estuaries (Gaumer et al., 1973a-1, 1974,

1974a,b). This study provided occurrence and

distributional data for species harvested within

each estuary. Percy et al. (1974) describe 21

Oregon estuaries and provide a compilation of
information relating to them. A limited amount

of data relating to fishes is contained therein.

Our study was conducted from June to September

and had the following objectives: 1) to provide

a checklist of species occurring within the Bay

and its watershed; 2) to obtain distributional

data on fishes within the Bay; and 3) to describe
relative abundance and size relationships of
these fishes during the study period.

DESCRIPTION OF STUDY SITE

Netarts Bay (45°26'N, 123°57'W) is located on

the northern Oregon coast approximately 112.6 km

(70 mi.) south of the Columbia River. It is the
seventh largest estuary in Oregon and covers
945 ha (2,335 ac) at mean high tide. Tideland
area comprises about 65%	 of the total
area (Percy et al., 1974) A The drainage basin is
small, only 23 km2 (14 mi'), which yields
5.18 x 10 1 (42,000 ac-ft) of freshwater
annually, based on an estimated annual

precipitation of 254-279 cm (100-110 in) (Oregon

State Water Resources Board 1961). There are 12

small streams flowing into the Bay ranging in

length from 2.6 - 8.0 km (1.6-5.0 mi). Whiskey

Creek (8.0 km [5 mi] in length) appears to be the
major creek entering the Bay and is the site of

the Whiskey Creek Experimental Fish Culture Sta-

tion operated by the Department of Fisheries and

Wildlife at Oregon State University.

Due to the paucity of major tributaries, the
salinity in the Bay is quite high and hydrographi-

cal studies conducted during late winter, spring,

and summer months indicate that the estuary is a

well mixed system (Burt and McAllister, 1958;

Glanzman et al., 1971). The Bay is exposed to

ocean waves at the mouth and its tides are mixed
semidiurnally with a mean tide range of 1.7 m

(5.7 ft) (diurnal range 2.3 m [7.5 ft]) (Johnson,

1972). The meander patterns of the channels in

the Bay fluctuate frequently and even caused the

abandonment of one sample station during the
period of this study. Human alteration of the

Bay has been minor. In 1957, a small marina was

constructed to accommodate the launching of sport

fishing boats. Development of Cape Lookout State
Park was begun in 1952. The Jackson Creek out-

flow was diverted from the south end of the Bay
directly to the ocean (date unknown) (Jackson

Creek had been diverted in 1949 from its original

flow into the ocean to a channel flowing into the

south end of the Bay). The east side of the Bay
was extensively riprapped prior to 1911 when a

private road (now known as. Whiskey Creek Road)

was built by M. Jackson. Additional riprapping

was added when the marina was built and with
further State development of the road.

Major alteration of the watershed caused by the

clearcut method of logging apparently has in-

creased the rate of siltation within the Bay and

altered some anadromous fish habitat but no
quantitative data are available.

MATERIALS AND METHODS

Sampling Gear 

Trawl

A 4.9 m (16-ft) (head rope) semi-balloon trawl

of 3.8 cm (11/2 in) stretch mesh with a 1.3 cm (1/2 in)

stretch mesh codend liner was used in the deeper
channels. Trawl samples were taken at both high

and low tides in designated channels only, with
the exception of one sample taken at the south

end of the Bay during high tide. Estimated tow-
ing speed varied from 3.2-6.4 km/hr (2-4 mph)
depending upon the velocity of the current.

Seines 

A 1.2 m x 16.5 m (4 ft x 54 ft) bag seine of

1.9 cm (3/4 in) stretch mesh with a 1.2 m x

1.2 m (4 ft x 4 ft) bag of 1.0 cm (3/8 in) mesh
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was used in shallow shore areas. At designated
bag seine stations, three 91.4 m (100 yd) hauls
were made for each sample. At most stations the
seine was beached directly on shore for examina-
tion of catch, however, at some sites the seine
was lifted into floating buckets at various
distances offshore. The latter method was
adopted because solar radiation heated the water
sufficiently in the extensive shallow mud-flat
areas to cause fish to seek deeper water until a
higher tide or cooling occurred.

A 1.2 m x 6.1 m (4 ft x 20 ft) minnow seine
with a 1.0 cm (3/8 in) stretch mesh was used
occasionally at random sites following the pro-
cedure outlined above.

Dip Nets 

Square dip nets measuring 38.1 cm x 28.8 cm
(15 in x 11 in) were used regularly at designated
rocky intertidal stations. For each sample, three
dip nets were used for a 30-minute period in the
pools exposed by low tide. A dip net was also
utilized at randomly selected eelgrass (Zostera
marina) sites and for sampling in freshwater alone
or in conjunction with the electrofisher.

Set Lines 

Three 30.5 m (100 ft) set lines each with 26
gangens * 46 cm (18 in) in length set 0.9 m (3 ft)
apart and using size 5/0, 1 and 6 hooks, res-
pectively, were set at randomly selected sites in
the main channel for 2-4 hour periods. The lines
were set with one anchored and one free end for
some samples and with both ends anchored for
others. Whole anchovies (Engraulis mordax) and
pieces of Pacific staghorn sculpins 75Tiiaottus 
armatus) were used as bait.

Hook and Line 

Conventional fishing rods were used twice at
sites in the main channel for periods up to 4
hours. Bait included shrimp (Crangon sp.) and
pieces of staghorn sculpin. This method was dis-
continued when the poor sample results were
weighed against the time expended.

Fyke Net 

A fyke net of 1.3 cm (1/2 in) stretch mesh with
3.0 m (10 ft) twin wings and a 1.2 m (4 ft) square
mouth was set in a small channel before high tide
and left in position for 4 hours. This method
was employed only twice as the shallowness of the
Bay during low tide and the high velocity of the
incoming tide restricted proper functioning of
the net.

Electrofisher

A Smith Root Type V backpack electrofisher was
used for most of the sampling in freshwater.

Sample Sites 

Estuarine 

Eighteen permanent stations were selected in
the Say to reflect differences in substrate type
(e.g. rock, sand, silt, or combinations thereof)
(Fig. 39, 40). Twelve of the stations (9, 10, 28,

54, 62, 87, 88, 112, 134, 147, 148, 168) were
sampled with the bag seine, five (2, 13, 25, 35,
111) were sampled by trawl, and one station (26),

a rocky-intertidal area, was sampled by hand and
dip net. These 18 stations were sampled weekly

except when adverse environmental conditions
prevailed (see Potential Biases below). In an
attempt to get a representative sample of species
occurring within the Bay, several random sites
were selected and sampled using a variety of the
gear described above.

Freshwater 

All freshwater tributaries of the watershed
were surveyed and/or sampled at least once during
the study using the electrofisher or dip nets.
The streams were sampled continuously from the
mouth to as far inland as they maintained an
adequate flow.

Recorded Environmental Data 

With each sample collected the following data
were recorded; date, time of day, time and ele-
vation of last tide, maximum depth of capture,
turbidity, air and water surface temperatures,
substrate type in relative percentage of compon-
ents, major species of vegetation and relative
abundance, wind velocity, general weather condi-
tions, and surface salinity (measured with a
hydrometer and corrected for temperature). A
physical description of the permanent collection
sites based on above data is given in Table 36.

Collection Procedure 

After each sample was collected the specimens
were identified, counted, and their standard length
measured to the nearest 10 mm increment. The
fishes were released after the above data were
recorded. Representative specimens of all species
encountered were preserved in 10% Formalin. These
specimens have been catalogued in the Fish
Collection of the Department of Fisheries and
Wildlife at OSU.

Potential Biases 

Several environmental conditions created diffi-
culties in sampling which may have contributed
potential biases to our data.
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Current Velocity 

The incoming and outgoing tidal currents were
so strong at particular times in the tidal cycle

that the bag seine and the trawl were impossible

to pull against the current.

Wind Velocity 

During portions of five of the weeks in the

study period, gale force winds in conjunction

with rain made sampling impossible causing

irregularity in time of sample collection at

some stations.

Substrate 

Mud-silt substrate contributed significantly

to sampling difficulties at some bag seine

stations. At these stations one collection (three

hauls) would leave the mud extremely loose re-

sulting in the impossibility of sampling at the

exact site the following week. At these stations

the collection sites would be slightly shifted to

one side or the other for subsequent collections.
Shifting sand in the north end of the Bay created

dry land of two of the sample sites. Both of

these stations were moved to within 182.9 m
(200 yd) of their original sites.

RESULTS

A checklist of species taken in Netarts Bay

and its drainage from June to September 1975 is

provided in Table 37. A total of 49 species re-
presenting 19 families were collected during this

period. Six of these species (3 families) were

collected in the freshwater areas of the drainage.

Species distribution data in relation to sub-
strate type, permanent collection sites,

salinity range and temperature range are pre-

sented in Tables 38 and 39. Eelgrass was the

dominant vegetation in the Bay and for four

species greater than 50% of specimens collected

were found in association with the vegetation.

Species diversity was the greatest over rocky
sand substrate (27 species) and least over the

silt and rocky shell substrates (9 species in

each) (Table 38). Collection sites within the
channel (trawl stations) had the greatest

species diversity (14-22 species per station)

while the beach seine collection sites were

found to have a lower diversity (3-10 species per
station). More species were caught at salinities
> 30	 than at lower concentrations (Fig. 41),
while more species were caught in the mid-range

of recorded temperatures (12-16°C) than at the
extremes (Fig. 42).

Size range, total number caught and percent of
total catch are presented for all species captured

in the Bay (Table 40). Size relationships are

inconclusive due to the relatively short study
period and are not discussed in this paper.

Over 10,000 specimens were captured during the
study period. Two discontinuities are apparent

in the relative abundance of species caught in the

Bay (percent of total catch) (Table 40). The

first occurred between the three most abundant

species (Gasterosteus aculeatus, Leptocottus 
armatus, Parophrys vetulus) and the other 40

species collected.	 TEFTFird most abundant

species was almost three times as abundant as the

fourth species (17.47 vs. 6.47%, respectively).
These three species comprised 64% of the total

catch. The second discontinuity occurred between

the 10 most abundant species (including the three

above) and the other 33 species. Again, the

difference is almost three fold between the 10th

and 11th most abundant species (1.97% vs. 0.71%,
respectively). These ten species combined com-

prise 94% of the total catch. Hence, species
diversity might be considered great, but few

species are abundant and several are relatively

rare.

DISCUSSION

Species Account 

Pacific lamprey (Entos henus tridentatus)

One prespawning female (45.0 cm total length)
was collected at the lower end of Whiskey Creek

on 1 July 1975. This species is anadromous and

total length and gonadal examination indicate

this individual was probably entering freshwater
to spawn. The Pacific lamprey has not been re-

corded from Netarts Bay or its drainage (Kan,

1975) and no other specimens (larvae or adult)

were collected during our study. This specimen

may have strayed from some other coastal stream.

Western brook lamprey (Lampetra richardsoni) 

On 29 July 1975 a small weir at the lower end
of Whiskey Creek was removed which lowered the

water level and exposed hundreds of ammocoetes.
Few individuals were collected before this date

and none were collected afterwards. Spawning

occurs from April to early July (Scott and
Grossman, 1973), yet no adults were collected

during our study. Populations of ammocoetes may
be quite large in the silty sections of the

creeks draining into the Bay.

Northern anchovy (En raulis mordax)

This species was rarely taken throughout the

study, but during the week of 1 September 1975, a
large school of anchovies was observed in the Bay

and adjacent ocean areas. On 1 September a school
(aggregation), heavily preyed upon by various
birds, was observed near the mouth of the Bay. On

3 September a school was observed in the ocean off
Cape Lookout State Park. This school was within
2 m of the beach and was approximately 50 m in

diameter. Additional groups could be seen swimm-
ing 100-200 m offshore. These fish stayed in this
general area all day. On 4 September, aggrega-

tions, presumably the same seen previously, were

observed at the mouth of Netarts Bay at 0900 hours
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(two hours after low tide). The largest of the

aggregations in the Bay appeared to be approxi-
mately 50 x 150 m in size and the depth of water

they occupied ranged from 0.3 to 2 m. Other
aggregations could also be seen in the lower end

of the Bay. These fish moved up the Bay through-

out the day. Thousands became stranded in eel-

grass during ebb tide and were heavily preyed

upon by birds. Thousands more were found dead

or dying around Whiskey Creek, presumably due
to stranding and the influence of freshwater.

Examination of stomach samples showed that the
anchovies were feeding on plankton while in the

Bay. The following day virtually no anchovies

were found in the Bay or observed immediately

offshore. In the latter part of the previous

week, large aggregations of anchovies were

observed in Tillamook Bay, five miles north of

Netarts Bay (personal communication, 1 December

1975 from Brent Forsberg, Oregon Department of
Fisheries and Wildlife, Tillamook, Oregon). The

northern anchovy is extremely abundant off
California but only sporadically appears in abun-

dance off Oregon and Washington. In 1969, un-

usually large aggregations were observed off the

coast of Oregon and Washington and many die-offs

occurred due to beach-stranding (Frey, 1971).
One explanation might be that they seek the

abundance of plankton in our near-shore upwelling
area and in our "rich" estuarine waters.

Chinook salmon (Oncorh nchus tsbawytscha) 

Only one specimen (90 mm standard length [SU

was collected during out study. This individual,

a smolt, was probably a stray from a stream other

than one draining into Netarts Bay. No chinook
was found in this survey of the freshwater tri-
butaries. This species has not been reported to

spawn in Netarts Bay (Thompson and Fortune,
1968).

Cutthroat trout (Salmo  clarki)

No cutthroat were collected within the Bay but

surveys of the streams indicated cutthroat were

present in Whiskey Creek and Jackson Creek (as
mentioned above, Jackson Creek no longer drains

into Netarts Bay). Our survey indicates that

cutthroat trout in both creeks are rare and all
specimens seen or collected were less than 150 mm

SL. Numerous anadromous cutthroat utilize
Whiskey Creek for spawning in the winter (personal

communication, 17 August 1975, James Lannan,
Oregon State University Marine Science Center,

Newport, Oregon).

Whitebait smelt (Allosmerus elongatus) 

Two specimens were taken on 13 August 1975 by
trawl. This species apparently occurs offshore

(Hart, 1973). Early literature portraying this
species as abundant off California was based on

a misidentification of the night smelt (Spriinchus 

starksi) (Frey, 1971). Hence, little information
exists on occurrence, abundance, and spawning
habits of the whitebait smelt.

Surfsmelt (Hypomesus sretiosus) 

This species is common to most estuaries on the
Pacific coast. Two hundred and fifty-three speci-

mens in small groups were caught throughout the

summer, most often over sandy substrates in the
lower end of the Bay. In Canada, surf smelt spawn

in most months of the year (Hart, 1973), while in
California spawning occurs from May to September

(Bane and Bane, 1971). Spawning takes place in

the surf on sandy beaches though exact spawning

requirements are not well known. No spawning was
observed during this study. The surfsmelt both

as adult and a juvenile is most likely a temporary

visitor of the estuary.

Topsmelt (Atheriops affinis)

Three young of the year individuals were taken

on 22 July 1975. This species spawns on vegeta-

tion in shallow estuarine areas from May through
July (Frey, 1971). No indication of spawning in

Netarts Bay in June or July was found.

Pacific tomcod (Microgadus roximus) 

Five small (6.0-11.0 cm SL) individuals were

collected during the summer. Little life history

information is available on this species. The

small number of specimens collected suggest that

they are not common estuarine inhabitants, and
Fitch and Lavenberg (1971) indicate that they are

most abundant at depths of 30-100 m.

Threespine stickleback (Gasterosteus aculeatus)

The collections made during this study indicate

that this anadromous species was the most abundant
species in the Bay during our study (3,281 speci-

mens). Mature adults enter estuarine-freshwater

areas to spawn during late spring and summer. The

young (1.0-3.0 SL) migrate to the ocean shortly
after hatching (Hagen, 1967). Although mature

adults were collected throughout the study, the

relative number of adults and observations of

nests indicated that the peak of spawning occurred
in July. Fish smaller than 3.0 cm were exceed-

ingly abundant in the upper end of the Bay (eel-

grass areas) during late July and early August).

These young of the year apparently moved out of
the Bay during and after this period. No stickle-
backs were collected in freshwater which may
suggest that suitable spawning area does not

exist in the freshwater tributaries to Netarts

Bay.

Bay pipefish (Syngnathus griseolineatus) 

Throughout the study period, 268 specimens were
collected in small groups. Sampling in the upper
end of the Bay with small mesh gear indicated that

pipefish are abundant in the eelgrass areas.

Spawning is recorded to occur in British Columbia
from June to August (Hart, 1973). We found males

carrying eggs and embryos throughout the study
period. Many males were observed to release their

young after being set free from the net. The
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pipefish probably inhabits the Bay throughout its
entire life and may be considered a true estuarine

fish.

Shiner perch (Cymatogaster aggregata) 

A total of 667 specimens were collected
throughout the study period. The upper end of

the Bay, where eelgrass abounds, was the typical
habitat for the shiner perch. The breeding sea-

son for this viviparous fish lasts from April to

July with parturition occurring from May to

August (Wiebe, 1968). Pregnant females and re-

productively active males were found throughout
the study. Although common to shallow water in

summer, shiner perch move to deeper water during

the winter (Bane and Bane, 1971; Hart, 1973).

Striped seaperch (Embiotoca lateralis) 

This species was collected throughout the
study period. Thirty of the specimens taken

were juveniles and five were adults. Striped

seaperch are associated with kelp beds and rocky

reef areas (Frey, 1971). Although sampling did

not indicate this species to be abundant, Gaumer

et al. (1974a) found striped seaperch to be one

of the three most common fishes taken by anglers
in Netarts Bay. Sampling limitations in the
jetty and rocky riprap areas probably account

for this discrepancy.

Walleye surfperch (Hyperprosopon arqenteum) 

Frey (1971) states that this species inhabits
a variety of habitats yet only one juvenile (7.0

mm SL) was collected during this study. Gaumer

et al. (1974a) found the walleye to be of some

importance in the sport catch in Netarts Bay. As
above, sampling limitations may explain the dis-

crepancy in our low catch.

White seaperch (Phanerodon furcatus) 

This species also frequents a variety of

habitats (Frey, 1971) yet only one juvenile (7.0
mm SL) was collected, again in eelgrass. A small

number were found to enter the sport fishery in

Netarts Bay (Gaumer et al., 1974a) and sampling
limitations might again explain this small catch.

Pile perch (Rhacochilus vacca)

This species was captured occasionally through-

out the summer. Only one adult (23.0 cm SL) and
13 juveniles were caught during the study period.

Morgan (1961) and Wares (1971) found that pile

perch enter estuaries in the spring and leave in

the fall. Gaumer et al. (1974a) found pile perch
to be of moderate importance in the sport catch

of Netarts Bay and anglers caught this species
in the Bay throughout the summer.

High cockscomb (Anoplarchus,purourescens)

Two adult specimens were collected on 13 August

1975. These were taken by hand from under a rock

during low tide. The high cockscomb is a shallow

water inhabitant of rocky areas (Peppar, 1965;

Hart, 1973). Careful searching during the summer
did not reveal any other specimens of this species

in the rocky areas of Netarts Bay.

Snake prickleback (Lumpenus sagitta) 

Twenty-five juveniles were caught occasionally

during the entire summer. Although little is

known of its life history, the snake prickleback

is taken in estuaries during the spring and

summer (Hart, 1973).

Penpoint gunnel (A•odichth s flavidus) 

Eleven specimens were caught during the study

period. Most of the specimens appeared to be
adults but little is known of its life history.

The penpoint gunnel is commonly taken in tide

pools and inshore rocky areas (Bane and Bane,

1971).

Saddleback gunnel (Pholis ornata) 

Two hundred and three specimens, both juveniles

and adults, were captured during the entire sum-

mer, most commonly in the eelgrass areas of the

upper half of the Bay. Saddleback gunnels were
more common than indicated by our data because

they were frequently seen escaping from the nets.

Specimens were observed occasionally in the

freshwater of Whiskey Creek during low tide in

areas that were inundated by bay water at high

tides.

Wolf-eel (Anarrhichthys ocellatus) 

One specimen was captured on 10 July 1975 by
hook and line at the marina. This species

usually inhabits shallow rocky areas (Fitch and
Lavenberg, 1971) and is probably more abundant

than indicated by our sample among the rocky-

boulder areas around the marina. The small sample

size is likely accounted for by sampling

limitations.

Pacific sandlance (Ammodytes hexapterus) 

Two hundred and forty-eight specimens were
collected. This species was taken throughout the

summer almost exclusively over sand, though it
was not caught consistently at the same stations.

Relatively large numbers (a school) were captured
in a single sample and many were observed escaping
through the mesh of the net. The Pacific sand

lance occurs both inshore and offshore and possi-

bly in deep waters (Hart, 1973).
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Copper rockfish (Sebastes caurinus)	 recorded from the intertidal to 55 m in depth

(Miller and Lea, 1972).

Fourteen juveniles were taken. An inhabitant

of rocky shallow water areas (Hart, 1973), the

copper rockfish was found by Gaumer et al. (1974a)
to be of some importance in the sport fishery in

Netarts Bay. Again, sampling limitations in the

rocky-boulder areas may explain the small sample
size.

Black rockfish (Sebastes melanops)

Only seven juveniles were collected during the

study period. This species, like the copper

rockfish, frequents rocky shallow water areas and

it was found by Gaumer et al. (1974a) to be of

greater importance than the copper rockfish in

the sport catch of Netarts Bay. Sampling limi-

tations may explain this small sample size.

Kelp greenling (Hexaqrammos decagrammus)

This species was very abundant in all trawl

catches in the lower end of the Bay. Almost all

of the 646 specimens caught were juveniles. The

kelp greenling inhabits shallow rocky areas in
the vicinity of vegetation although it may be
taken over sand or mud (Rass, 1970; Fitch and

Lavenberg, 1971; Frey, 1971). Gaumer et al.

(1974a) found this species to be the most

important sport fish in Netarts Bay and data

(this study) suggests that it is certainly the
most abundant of the sport fishes in our catch.

Rock greenling (Hexa rammos la oce halus)

Nineteen specimens were collected. It was

much rarer than the kelp greenling in our collec-

tions and was found by Gaumer et al. (1974a) to

be rarer in the sport catch.

Whitespotted greenling (Hexagrammos stelleri) 

On 4 September 1975, 11 specimens of this

species were collected by trawl near the mouth of
the Bay. These may have just entered the Bay as

capture took place during incoming tide. The
whitespotted greenling frequents rocky areas with

abundant vegetation (Ross, 1970).

Lingcod (Ophiodon elonqatus) 

Thirty-three juvenile lingcod were taken in

the lower channel portions of the Bay. Frey
(1971), Miller and Geibel (1973) and Rass (1970)

state that juveniles inhabit rocky, sandy and
eelgrass areas. No juveniles were found inhabit-

ing the eelgrass areas in Netarts Bay.

Padded Sculpin (Artedius fenestralis)

Three specimens of this species were taken on
different dates by trawl over a rock > shell sub-

strate. These specimens were collected during

incoming tides. This uncommon species has been

Scalyhead sculpin (Artedius harringtoni) 

Two specimens of this uncommon species were
taken during an incoming tide on 30 July 1975 over

a rock > shell substrate. Scalyhead sculpin have

been recorded from the intertidal to 22 m in

depth around rocky reef areas (Hart, 1973; Miller

and Lea, 1972).

Sharpnose sculpin (Clinocottus acuticeps) 

Thirty-one specimens were taken during the

study period. It inhabits intertidal and sandy

beach areas often of reduced salinity (unpubl.

data, K. M. Howe, Department of Fisheries and

Wildlife, Oregon State University, Corvallis;

Miller and Lea, 1973).

Mosshead sculpin (Clinocottus globiceps) 

One specimen was taken on 11 August 1975 in a

shallow rocky area near the mouth of Fall Creek.

This species is common in rocky tidepool areas

(Hart, 1973).

Coastrange sculpin (Cottus aleuticus) 

This species was not collected in the Bay but
was found in Fall Creek, Whiskey Creek and Jackson

Creek. It is widespread in coastal streams of
Oregon and usually inhabits riffle areas (Bond,

1973).	 In Fall Creek, this species only occurred

in the portion below the falls (this falls is
about 2 m high and approximately 3-7 m inland
from the mean high tide mark). The habitat in

which the coastrange sculpin was collected in
Fall Creek was moderately swift water with large

cobble bottom. This area was electroshocked

several times but this species was collected only
on the first two sampling trips. In Whiskey

Creek, juveniles were abundant in the lower por-
tions of the creek (the mouth to 1000 m). In the

upper portions it became rare. In Jackson Creek,
this species was more abundant in the lower sec-

tion and became increasingly rare upstream.
Coastrange sculpin did not occur above the branch

in Jackson Creek.

Prickly sculpin (Cottus asper) 

This species was occasionally captured within

the Bay but is typically a freshwater fish. 	 It is

widespread in coastal streams and inhabits a wide
variety of habitats but usually the pool areas

(Bond, 1963). Aside from the Bay, it was collected
only in the lower portion of Whiskey Creek and was

somewhat less abundant there than the coastrange

sculpin.

Riffle sculpin (Cottus qulosus) 

This species was collected only from the fresh-

water tributaries of the Bay. It is sporadically
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distributed in coastal streams and inhabits

riffle areas (Bond, 1963). It was collected in

Fall Creek, Whiskey Creek and Jackson Creek. In

Fall Creek, the riffle sculpin was the only fish

found above the falls (see coastrange sculpin).

It seemed moderately rare and occurred in slight

to moderately swift water. In Whiskey Creek this
species was collected in the riffle areas along

the entire sampled distance of the creek but was
more common upstream than in the lower portions.

In the upper portions, it was moderately abundant.
In Jackson Creek, the riffle sculpin was again

found in most riffle areas along the creek but

was more abundant in the upper portions. In
this creek it was moderately rare.

Buffalo sculpin (Enophrys bison) 

Sixty-five specimens, both juvenile and adults,

were captured in the rocky areas of the channel.

It is a common fish in shallow rocky areas
(Miller and Lea, 1972). The buffalo sculpin is

sometimes caught in Netarts Bay by sport fisher-

men (Gaumer et al., 1974a).

Red Irish lord (Hemilepidotus hemile idotus) 

Ten juveniles of this species were caught in

the channel near the marina. This common species

is found from the intertidal to 50 m in depth

(Miller and Lea, 1972). Sport fishermen

occasionally catch the red Irish lord in Netarts
Bay (Gaumer et al., 1974a).

Brown Irish lord (Hemilepidotus spinosus) 

Two juveniles of this species were captured on

11 August in the channel near the marina. This

uncommon species is found from the intertidal to

77 m (Miller and Lea, 1972).

Pacific staghorn sculpin (Leptocottus armatus)

During the study, 2,066 specimens of this
abundant species were collected. It was widely

distributed throughout the Bay but primarily

found in shallow sandy areas. Both juveniles
and adults were captured. The staghorn sculpin

is often found in freshwater or areas of reduced
salinity although spawning occurs in areas of

high salinity (Jones, 1962). Observations during

the study indicates that this species moved onto

the tidal flats with the incoming tide. Jones'

study (1962) of the staghorn sculpin in Tomales

Bay, California suggests that this species is
probably one of the most abundant year-round
residents of Netarts Bay.

Tidepool sculpin (Oligocottus maculosus) 

This species was caught with every sample taken

at our rocky intertidal site. A few specimens

were rarely taken at other stations. A total of
291 specimens, both juveniles and adults were

captured. This species is common in shallow
rocky and intertidal areas (Miller and Lea, 1972).

Fluffy sculpin (Oligocottus snyderi) 

Two juveniles of this species were collected on

3 July 1975 at our rocky intertidal site. This

species is also an intertidal inhabitant (Hart,

1973).

Cabezon (Scor aenichth s marmoratus)

Fifty-eight juveniles were collected. The

cabezon was confined to the channel in these

collections but has been recorded from the inter-
tidal to 81 m in depth (Miller and Lea, 1972) and

appears confined to rocky areas (O'Connell, 1953).

This species is of moderate importance in the

sport catch in the Bay (Gaumer et al., 1974a).

Tubenose poacher (Pallasina barbata) 

One specimen was taken in a trawl near the

mouth of the Bay of 4 August 1975. This uncommon
species is found from the intertidal to 60 m in

depth (Miller and Lea, 1972).

Pricklebreast poacher (Stellerina x °sterna) 

One specimen was taken in a trawl near the

mouth of the Bay on 13 August 1975. This un-

common species is recorded from 3 m to 80 m in

depth (Miller and Lea, 1972).

Pacific sanddab (Citharichthys sordidus)

Thirteen juveniles of this species were
collected toward the mouth of the Bay. Of the

two species of sanddabs on the Pacific coast,

this species is larger and usually more deeply

distributed (306 m) but is fairly common in

shallow water (Arora, 1951; Hart, 1973; Miller

and Lea, 1972). The Pacific sanddab was found to

be less abundant than the speckled sanddab.

Speckled sanddab (Citharichthys stiqmaeus) 

Seventy-four specimens were captured during the

study period, most often in the mid-bay area.

Data from this study suggest this species to be
the more common sanddab in shallow water.

English sole (Parophrys  vetulus)

One thousand eight hundred juveniles of this

species were collected during the study period.
It was the third most abundant species recorded
from the Bay. The English sole utilize estuaries
as nursery grounds and as growth occurs they move

to deeper water (Frey, 1971; Hart, 1973). This
movement to deeper water peaks during the winter

(Forrester, 1969). These collections indicate
that this species was most abundant in sandy areas

of the Bay. The English sole is of great
importance in the commercial flatfish fishery on

the Pacific coast (Frey, 1971).
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Starry flounder (Platichth s stellatus)

Forty-eight juveniles of this species were
captured during the study period. Orcutt (1950)

states that they are found over a variety of

substrates avoiding only rock. Our data suggest

this to be true. It is a common shallow estuarine

inhabitant which apparently undertakes little

migration (Hart, 1973). It is of slight

importance in the sport fishery of Netarts Bay

(Gaumer et al., 1974a).

Sand sole (Psettichthys melanostictus) 

The first four of the six juvenile specimens
caught during this study were captured near the

mouth of the Bay on 13 August 1975 during an in-

coming tide. This species is generally found on

sandy substrate in shallow water and apparently

does not form aggregations (Hart, 1973).

Freshwaters of Netarts Bay 

The freshwater streams draining into Netarts

Bay are relatively small and limited in the num-

ber of fish species they contain. In this study,
fish were captured in only two of the streams

entering the Bay. Fall Creek (coastrange sculpin

and riffle sculpin) and Whiskey Creek (Pacific

lamprey, western brook lamprey, , cutthroat trout,

coastrange sculpin, prickly sculpin, and riffle

sculpin). Fish were also collected in Jackson

Creek (cutthroat trout, coastrange sculpin and

riffle sculpin) which at one time drained into
the Bay. The Pacific lamprey and the cutthroat
trout may be anadromous in Netarts Bay, even

though these species were rarely found during the

study. The sculpins and the western brook

lamprey were much more abundant.

Lauman et al. (1972) list eight streams

entering Netarts Bay as utilized by anadromous

fish including chum salmon (Oncorhynchus keta),

coho salmon and steel head trout (Salmo gairdneri).

None of these three species were captured during
the study but their life history is such that the
young could have left freshwater before this

study began in June. James Lannan (pers. comm.)

has found chinook salmon, coho salmon and steel-

head trout in Whiskey Creek, but these were few

in number and were possibly strays from other
coastal areas. Whiskey Creek,; the largest of

the Netarts Bay streams, does support runs of
chum salmon and cutthroat trout. Lack of

spawning habitat and insufficient water flow
could account for the absence of anadromous fish

runs in the other creeks. Most of the upper

portions of the streams appear to have been

altered (e.g. siltation, log jams) as a result

of logging which may have reduced possible spawn-
ing sites and decreased minimum water flows.

OVERVIEW

As emphasized by Jones (1962) collections of
fishes in estuaries made during one season of the
year do not give a true picture of the

ichthyofauna of the area. Although it is known

that some of the species utilize Netarts Bay on a

seasonal basis, it is not know which (if any)
species are residents or sporadic inhabitants.

Jones (1962) in a two year study of the Walker

Creek (California) estuary found that not a single

species completed its life cycle in the estuary.
All marine fishes were found to migrate to more

saline waters at times of reduced salinity.

Netarts Bay is a highly saline estuary and some

species such as the Pacific staghorn sculpin,

the shiner perch,	 bay pipefish and the saddle-

back gunnel may be year round residents. Only the

life history of the staghorn sculpin is suffi-

ciently well known to suggest that it may be a

year round resident.

Seasonal inhabitants may utilize the estuary

for different reasons. The threespine stickleback

inhabits Netarts Bay during the summer months

primarily for spawning. English sole utilize

Netarts Bay as a nursery ground. Various salmon-
ids (cutthroat trout, chum salmon) are transitory

inhabitants in the estuary prior to and after their

life in the ocean. Conditions in the estuary may
aid their osmoregulatory mechanisms during the

changeover from one environment to another. Some
species are sporadic inhabitants of an estuary.

These may enter with an incoming tide and then

take residency or leave. The Pacific sandlance

and the surf smelt may be sporadic inhabitants of

Netarts Bay.

Although 49 species were collected in Netarts

Bay during our study, abundance was dominated by

a small number of species. As pointed out by
Allen and Horn (1975), many studies of inshore

fishes have found that a large percentage of the
fish captured (> 75%) represent a small number

of species (< 5T. Other studies of inshore

fishes which support these findings are:

Nordon (1966), Zillerberg (1966), Derickson

and Price (1973), Oviatt and Nixon (1973),

Recksiek and McCleave (1973), Haedrick and Haed-

rick (1974), Stephens et al. (1974), Targett and

McCleave (1974), Allen and Horn (1975), Forsberg
(1975) and the present study.
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TABLE 36. Physical Description of Permanent Sites where Fishes were Collected by Trawl, Bag Seine

and Dip Net in Netarts Bay, Oregon.

Site
Number

Depth
(ave.	 in	 m)

2 5

25 2

13 4

35 4

111 2

10 1.2

88 1.2

134 1.2

148 1.2

168 1.2

147 1.2

112 1.2

62 1.2

28 1.2

9 1.2

87 1.2

54 1.2

26 .15

Vegetation

Relative	 Major

Amount*	 Species

Salinity

(ppt)

Temperature

(°C)

TRAWL

2 Laminaria 32-35 9-16

0 32-35 9-17

2 Laminaria 31-33 11-16

1 Zostera 30-33 12-16

1 Zostera 30-34 12-16

BAG SEINE

0 31-34 10-14

2 Zostera; Ulva; 28-33 14-19

Fucus

1 Zostera 10-34 14-27

1 Zostera; Fucus 28-34 16-27

3 Zostera 26-33 13-26

3 Zostera 27-33 14-22

3 Zostera 28-34 16-24

2 Enteromorpha; 31-34 12-23

Fucus

1 Enteromorpha 31-35 11-16

0 31-35 10-13

0 31-33 14-18

0 30-32 14-18

DIPNET

2 Ulva;	 Fucus; 32-34 11-17

Zostera

Substrate

rock > shell; sand

sand

rock > shell; sand

sand > rock

sand > rock

sand

sandy silt

silt

rock > sand

silt

sandy silt

silt

sandy silt

sand

sand

sand

sand

rock > shell; sand

0 = none
1 = slight
2 = moderate
3 = abundant
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TABLE 37. Fish Species Captured in Netarts Bay, and Its Drainage, June to September 1975.
Common and Scientific Names Follow Bailey et al. (1970).

PETROMYZONTIDAE

Pacific lamprey

Western brook lamprey

ENGRAULIDAE

Northern anchovy

SALMONIDAE

Chinook salmon

Cutthroat trout

OSMERIDAE

Whitebait smelt

Surf smelt

ATHERINIDAE

Topsmelt

GADIDAE

Pacific tomcod

GASTEROSTEIDAE

Threespine stickleback

SYNGNATHIDAE

Bay pipefish

EMBIOTOCIDAE

Shiner perch
Striped seaperch

Walleye surfperch

White seaperch

Pile perch

STICHAEIDAE

High cockscomb

Snake prickleback

PHOLIDAE

Penpoint gunnel

Saddleback gunnel

ANARHICHADIDAE

Wolf-eel

AMMODYTIDAE

Pacific sandlance

SCORPAENIDAE

Copper rockfish
Black rockfish

Entosphenus tridentatus (Gairdner in Richardson 1836)

Lampetra richardsoni Valdykov and Follett 1965

Engraulis mordax Girard 1854

Oncorhynchus tshawytscha (Walbaum 1792)

Salmo clarki Richardson 1836

Allosmerus elonqatus (Ayres 1854)

Hypomesus pretiosus Girard 1855

Atherinops affinis (Ayres 1860)

Microqadus proximus (Girard 1854)

Gasterosteus aculeatus Linnaeus 1758

Syngnathus qriseolineatus Ayres 1854

Cymatogaster aqqreqata Gibbons 1854

Embiotoca lateralis Agassiz 1854

Hyperprosopon arqenteum (Gibbons 1854)

Phanerodon furcatus Girard 1854

Rhacochilus vacca Girard 1855)

Anoplarchus purpurescens Gill 1861

Lumpenus saqitta Wilimovsky 1956

Apodichthys flavidus Girard 1854
Pholis ornat51T5TiTd 1854)

Anarrhichthys ocellatus Ayres 1855

Anmodytes hexapterus Pallas 1811

Sebastes caurinus Richardson 1845

Sebastes melanops Girard 1856
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TABLE 37. Continued.

HEXAGRAMMIDAE

Kelp greenling

Rock greenling

Whitespotted greenling
Lingcod

COTTIDAE

Padded sculpin

Scalyhead sculpin

Sharpnose sculpin

Mosshead sculpin

Coastrange sculpin
Prickly sculpin
Riffle sculpin

Buffalo sculpin
Red Irish lord

Brown Irish lord

Pacific staghorn sculpin

Tidepool sculpin
Fluffy sculpin

Cabezon

AGONIDAE

Tubenose poacher

Pricklebreast poacher

BOTHIDAE

Pacific sanddab

Speckled sanddab

PLEURONECTIDAE

English sole
Starry flounder

Sand sole

Hexagrammos decagrammus (Pallas 1810)

Hexagrammos lagocephalus (Pallas 1810)

Hexagrammos stelleri Tilesius 1809

Ophiodon elongatus Girard 1854

Artedius fenestralis Jordan and Gilbert 1882

Artedius harringtoni (Starks 1896)

Clinocottus acuticeps (Gilbert 1895)

Clinocottus globiceps (Girard 1857)

Cottus aleuticus Gilbert 1893

Cottus asper Richardson 1836
Cottus gulosus (Girard 1854)

Enophrys bison (Girard 1854)
Hemi/epidotus hemilepidotus (Tilesius 1810)

Hemilepidotus spinosus (Ayres 1855)

Leptocottus armatus Girard 1854

Oligocottus illiaTTEius Girard 1856
Oligocottus snyderi Greeley 1901

Scorpaenichthys marmoratus (Ayres 1854)

Pallasina barbata (Steindachner 1876)

Stellerina xyosterna (Jordan and Gilbert 1886)

Citharichthys sordidus (Girard 1854)

Citharichthys stigmaeus Jordan and Gilbert 1881

Parophrys vetulus Girard 1854

Platichthys stel atus (Pallas 1811)

Psettichthysme anostictus Girard 1854
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TABLE 38. Percentage of Species Occurrence in Association with Substrate Type in Netarts Bay,

June to September 1975.

Sand
Sand>

rock

Sandy

silt Silt

Rock>

sand

Rock>

Shell

>50 percent

specimens
caught	 in
eelgrass

Gasterosteus aculeatus 1 2 18 77 1 * x

Leptocottus armatus 58 10 16 8 7 1

Parophrys vetulus 59 37 * * 3

Cymatogaster aqqregata 15 33 48 4

Hexagrammos decaqrammus 1 99

Oligocottus maculosus 6 94

Syngnathus griseolineatus 1 * 5 93 x

Hypomesus pretiosus 95 1 4

Ammodytes hexapterus 92 1 7

Pholis ornata 7 6 15 59 7 6

Citharichthys stigmaeus 7 78 15

Enqraulis mordax SEE TEXT

Enophrys bison 5 18 77

Scorpaenichthys marmoratus 5 2 93

Platichthys stellatus 19 12 23 23 23

Embiotoca lateralis 100

Ophiodon elongatus 36 64

Clinocottus acuticeps 3 97

Lumpenus sagitta 20 80

Hexagrammos lagocephalus 100

Rhacochilus vacca 100

Sebastes caurinus 100

Citharichthys sordidus 8 46 46

Apodichthys flavidus 9 82 9

Hexagrammos stelleri 100

Hemilepidotus hemilepidotus 100

Sebastes melanops 43 14 43

Psettichthys melanostictus 20 80

Microgadus proximus 20 60 20

Atherinops affinis

Artedius fenestralis

Artedius harrinqtoni

Oligocottus snyderi -

Allosmerus elonqatus -

Anoplarchus purpurescens -

Hemilepidotus spinosus -

Oncorhynchus tshawytscha -

Pallasina barbata

Hyperprosopon argenteum -

Phanerodon furcatus - -

Anarrhichthys ocellatus -

Stellerina xyosterna

Clinocottus globiceps -

Total Species	 18	 22	 10	 27	 9	 6

* less than one percent ; - less than five specimens collected.
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TABLE 39. Ranges in Surface Temperature and Salinity at Time of Collection and Species Composition by Station

and Collecting Gear for Fish Captured in Netarts Bay, June to September 1975.

Species	 Temperature

Range

(C)

Salinity

Range

(PPt) 2

(t)

9
(bs)

Species Composition by Station*

Total	 Number (relative percent)

10	 13	 25	 26

(bs)	 (t)	 (t)	 (dn-h)

Gasterosteus aculeatus 11-27 8-35 25(4) 1(*) 1(*) 2(*)

Leptocottus armatus 9-27 8-35 8(4) 405(68) 142(70) 5(*) 17(2) 4(1)

Parophrys vetulus 9-18 29-35 27(12) 30(5) 57(28) 27(3) 752(74)

Cymatogaster aggregata 12-27 8-34 1(*)

Hexagrammos decagrammus 9-16 31-35 116(51) 527(67)

Oligocottus maculosus 11-19 27-34 271(84)

Syngnathus griseolineatus 12-27 26-34 2(*)

Hypomesus pretiosus 9-18 31-35 1(*) 106(18) 10(1) 63(6)

Ammodytes hexapterus 9-16 30-35 16(7) 1(*) 150(15)

Pholis ornata 11-21 15-34 20(3) 1(*) 2(*) 10(1) 12(4)

Citharichthys stigmaeus 9-16 31-35 11(1) 5(*)

Engraulis mordax 13-17 32-34

Enophrys bison 11-16 31-34 5(2) 45(6) 1(*)

Scorpaenichthys marmoratus 9-18 28-35 6(3) 48(6)

Platichthys stellatus 9-27 26-35 3(*) 3(*)

Embiotoca lateralis 10-16 31-34 10(4) 25(3)

Ophiodon elongatus 9-16 31-35 2(*) 19(2)

Clinocottus acuticeps 11-18 29-34 30(9)

Lumpenus sagitta 12-16 31-34 3(*) 1(*)

Hexagrammos laclocephalus 9-16 31-35 10(4) 9(1)

Rhacochilus vacca 11-18 28-32 2(*) 11(1)

Sebastes caurinus 11-13 31-34 1(*) 13(2)

Citharichthys sordidus 10-16 30-33 6(3) 1(*)

Apodichthys	 flavidus 11-16 31-34 1(*) 1(*) 8(1) l(*)

Hexagrammos stelleri 10 33 11(5)

Hemilepidotus hemilepidotus 11-13 31-33 10(1)

Sebastes melanops 11-16 32-34 3(*) 3(*)

Psettichthys melanostictus 4(2)

Microgadus proximus 9-16 30-35 1(*) 1(*)

Atherinops affinis 24 33

Artedius fenestralis 11-16 32 3(*)

Artedius harringtoni 11-12 32-33 3(*)

Oligocottus snyderi 12-17 22-23 2(*)

Allosmerus elongatus 9 35 2(*)

Anoplarchus purpurescens 16 34 2(*)

Hemilepidotus spinosus 13 31 2(*)

Oncorhynchus tshawytscha 14 33 1(*)

Pallasina barbata 16 32

Hyperprosopon argenteum 19 31

Phanerodon furcatus 16 34

Stellerina xyosterna 9 35 1(*)

Clinocottus globiceps 14 30

Total Number of Specimens 228 592 203 785 1011 324

Total	 Number of Species 18 7 6 22 14 8
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28

(bs)

35 54

(bs)

62

(bs)

87

(bs)

88

(bs)
111
(t)

112

(bs)
134

(bs)

147

(bs)

148

(bs)

168

(bs)

7(2) 2(*) 10(2) 249(53) 12(6) 166(41) 180(60) 591(21) 157(43) 42(18) 240(39)

195(50) 46(11) 418(89) 218(46) 52(24) 122(30) 10(3) 101(34) 118(42) 16(4) 113(48) 28(5)

35(8) 296(74) 36(8) 146(68) 307(84) 1(*) 1(*) 1(*)

66(16) 6(2) 100(35) 153(42) 37(15) 240(39)

3(*)

1(*) 14(3) 2(*)

I(*) I(*) I(*) 2(*) 5(2) 14(4) 32(5)

73(19) I(*) 1(*)

78(20) 1(*) 1(*)

1(*) 2(*) I(*) 18(5) 1(*) 2(*) 1(*) 12(3) 1(*) 61(10)

5(1)

10(3) 4(1) 42(18)

11(3) 1(*) 1(*)

3(*) 1(*)

1(*) 3(*) 1(*) 1(*) 3(*) 3(*) 1(*) 7(2) 7(1)

2(*) 10(3)

20(5)

I(*)

3(*) 3(*)

1(*)

1(*)

2(*) 1(*)

3(1)

* = less than one percent

t = trawl

bs = bag seine

dn-h = dip net and hand

390 401 466 468 215 402 365 298 283 362 237 609

7 16 5 3 8 10 14 7 6 8 7 7
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TABLE 40. Size range, total number caught and percentage of total catch of fish species taken in

Netarts Bay, June to September 1975.

Species

Size Range
(SL in mm)

Total Number

Caught

Percent of

Total Catch

Gasterosteus aculeatus 10-80 3281 31.85

Leptocottus armatus 30-240 2066 20.05

Parophrys vetulus 30-120 1800 17.47

Cvmatooaster aooreoata 40-120 667 6.47

Hexagrammos decagrammus 60-240 646 6.27

Oligocottus maculosus 10-80 291 2.82

Syngnathus griseolineatus 10-310 268 2.60

Hypomesus pretiosus 50-130 255 2.47

Ammodytes hexapterus 60-140 248 2.41

Pholis ornata 40-150 203 1.97

Citharichthys stigmaeus 60-110 74 0.72

Engraulis mordax 70-110 72 0.70

Enophrys bison 40-250 65 0.63

Scorpaenichthys marmoratus 50-210 58 0.56

Platichthys stellatus 40-210 48 0.46

Embiotoca lateralis 70-280 35 0.34

Ophiodon elongatus 100-210 33 0.32

Clinocottus acuticeps 20-40 31 0.30

Lumpenus sagitta 90-140 25 0.24

Hexagrammos	 lagocephalus 70-220 19 0.18

Rhacochilus vacca 80-230 14 0.14

Sebastes	 caurinus 80-100 14 0.14

Citharichthys sordidus 70-90 13 0.13

Apodichthys flavidus 60-290 11 0.11

Hexagrammos stelleri 80-210 11 0.11

Hemilepidotus hemilepidotus 60-160 10 0.10

Sebastes melanops 50-110 7 0.07

Psettichthys melanostictus 11-15 6 0.07

Microgadus proximus 80-110 5 0.05

Atherinops affinis 60-70 3 0.03

Artedius fenestralis 60-90 3 0.03

Artedius harringtoni 70-90 3 0.03

Oligocottus snyderi 20-30 3 0.03

Allosmerus elongatus 90-100 2 0.02

Anoplarchus purpurescens 120-150 2 0.02

Hemilepidotus spinosus 100-110 2 0.02

Oncorhynchus tshawytscha 90 1 0.01

Pallasina barbata 70 1 0.01

Hyperprosopon argenteum 70 1 0.01

Phanerodon furcatus 70 1 0.01

Anarrhichthys ocellatus 780 1 0.01

Stellerina xyosterna 60 1 0.01

Clinocottus globiceps 70 1 0.01

Total 10302 100.00
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A SURVEY OF THE MAMMALS, REPTILES, AND AMPHIBIANS OF NETARTS BAY, OREGON

INTRODUCTION

The study of Netarts Bay estuary included an

investigation of its terrestrial vertebrate

resources. Between June and September, 1975,

mammals, reptiles, and amphibians were observed

to determine their distribution throughout the

watershed and sand spit. Trapping of small
mammals measured the relative abundance of each

species among different habitats by various spec-
ies was noted. This baseline survey of the

terrestrial fauna of Netarts Bay, when combined

with similar information about the bird, fish,

invertebrate, and botanical resources, provides
the basis for better understanding of the eco-

system as a whole.

Records of previous mammal surveys at Netarts

Bay consist of a few unpublished lists of animals

seen or captured during short visits to the area

(Shelton, 1914, Oregon Department of Fish and

Wildlife, unpublished). No regular sampling pro-
gram was conducted previously throughout the sand

spit and watershed. An unpublished manuscript

briefly described wildlife encountered during a

2-day visit to Netarts Bay in April, 1914, and

during a 2-week subsequent study in August of the

same year (Shelton, 1914). Data collected by

Maser (1971) at Cascade Head were helpful as a
guide to possible findings at Netarts Bay.

Similarly, species lists compiled by the Oregon

Department of Fish and Wildlife in Tillamook

(unpublished) from sightings made over the past

25 years served as background information for the

study.

MATERIALS AND METHODS

Description of Sample Sites 

Within the estuary, seven terrestrial habitats

were identified on the basis of vegetation and

goegraphical location. These included four in

the watershed, two on the sand spit, and one in
the intermediate salt marsh. Figure 43 is a map

of the entire region surrounding Netarts Bay,
showing the habitat categories and two areas of

developed land. The seven habitats are as

follows:

Disturbed, Mature Spruce-Hemlock 

Stands of coniferous forest cover approxi-

mately 20% of the watershed, and are composed

primarily of Sitka spruce (Picea sitchensis) and
western hemlock (Tsuga heterophylla). Salmon-

berry (Rubus spectabilis) and salal (Gaultheria 

shallonT7c7m thickets in open spots. The
forest herb layer is primarily swordfern (Poly-

stichum munitum). Disturbance to the area
occurred recently with the bulldozing of

scattered logging trails into mature timber
stands. Some trees were removed prior to 1930,
however recent logging in this area was

restricted to the roadsides of major logging roads

(Crown-Zellerbach, 1974). Because of limited

penetration by sunlight, the ground is moist, and
logging trails allowed the formation of large

puddles during the summer months.

Clearcut 

Logged between 4 and 14 years ago, these areas

are characterized by regenerating Sitka spruce

and western hemlock (Crown-Zellerbach, 1974).

Salmonberry and salal form dense patches of

shrubbery. Western bracken fern (Pteridium

aquilinum var. lanuginosum) and western coltsfoot
(Petasites palmatus) dominate open areas. Re-

cialTaid logging roads wind throughout the
clearcut habitat. Old stumps, fallen logs, and

erosion gullies are a major part of the land-
scape. The soil is drier, rockier, and lacking

the high humus content of soil within mature

conifer areas.

Riparian Alder 

These streamside plant communities are domin-

ated by young red alder (Alnus rubra), salmonberry,

thimbleberry (Rubus parviflorusTTIRd red elder-

berry (Sambucus racemosa var. arborescens).

PatchesOTTEiik cabbage (Lysichitum americanum)
or western coltsfoot appear along swampy or rocky

offshoots which border the main streams. Stream-

beds are rock or mud.

Agricultural 

These formerly cultivated lands are primarily

in grasses, with some invasion of salal, western
bracken fern, ladyfern (Athyrium filix-femina),
and daisy (Erigeron spp.). Terrain is dry and

gently sloping; fields are often surrounded by

fencerows, dirt roads, or small ponds.

Salt Marsh 

The salt marsh includes only those semi-aquatic
regions surrounding the bay. Inland marshes occur

within riparian habitats. The shoreline marsh,

primarily mature high marsh, is described in

detail in the botanical section of this report.
Major plant species include tufted hair grass

(Deschampsia caespitosa), salt rush (Juncus

leseurii), creeping bentgrass (Agrostis alba), and
Pacific silverweed (Potentilla pacifica). The

area is dissected by streams which feed into the
bay, and is dotted with pools of brackish water.

The salinity of surface and ground water differ

with the change of tides.

Sand Spit/Spruce 

The major plant species in the wooded portion

of the sand spit is Sitka spruce. Spruce in this
area differ	 from mainland growth in that the
trees are stunted by salt and wind in the
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Figure 43. Mammal habitats mapped at Netarts Bay.
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unprotected coastal environment. Smaller trees

are surrounded by dense, often impenetrable

thickets of salal. Moss and western bracken fern
cover slightly moist, sandy soil.

Sand Spit/Beacngrass 

Portions of the sand spit not covered by
spruce forest or marsh are composed primarily of
European beacngrass (Amnophila arenaria), with

scattered lodgepole pine (Pinus contorta), Scotch
broom (Cytisis scoparius), and lupine (Lupinus 

littoralis).	 Soil in this area is sand of vary-
ing degrees of moisture.

Field Observations 

Information about the distribution of terres-

trial vertebrates was collected by observation of

large mammals, furbearers, small mammals, reptiles,

and amphibians, and by trapping small mammals

which entered live-traps. Measurements of rela-
tive abundance were made for small mammals by

live-trapping.

Observations were concentrated in five or six

locations, which are referred to as observation

routes in Figure 44. In addition to these

routes, trapping transects were visited regularly,

and were a source of incidental animal sightings,
as well as of trapping data. Observations in-
clude sightings of actual animals, their sign, or

identifiable tracks. Distinctive vocalizations
heard were recorded as observations, as in the

case of Douglas' squirrel (Tamiasciurus douglasii)

and the Pacific tree frog (Hyla regilla). Bino-

culars, spotting scope, and spotlight made it

possible to observe animals from a distance and

in darkness.

Throughout the summer, routes were covered

weekly by observation periods of varying lengths.

Flexible periods allowed the observer the freedom

of movement and timing essential to cover a large

amount of territory, yet to remain stationary

during the observation of animals. Staggered

timing of observation periods - morning, midday,

evening, and night - increased the chances of

encountering species with different activity

habits - diurnal, nocturnal, and crepuscular.

Trapping Procedures 

Within each habitat a transect of 240-300 m was

established (Fig. 44). Transects were divided
into 8-10 stations, placed at approximately 30 m

intervals. Differences in accessibility of the
interior portions of transects accounted for

their differing lengths and numbers of stations.
The 62 stations were sampled by 114 live-traps
set in the following pattern: one Sherman live-

trap at each station, one pitfall trap at each
odd-numbered station, one Sherman live-trap posi-

tioned in or at the base of a tree at every third

station in transects which contained large trees,
and one large national trap at every fourth
station. All traps were placed within 5 m of the

station marker. Pitfall traps were unbaited;

others were baited with a mixture of rolled oats,

carrots, and apples (Taber and Cowan, 1971).

Sardines were added to the bait of national traps
and to that of the Sherman traps at even-numbered

stations in an effort to attract carnivorous

species. Traps were placed in the runways or
visible forage areas of small mammals. In addi-

tion to ground traps, mist nets were set in a
likely forage area for bats during the final week

of the study.

Trapping was done on a 2-week schedule, with the

entire study area being covered five times through-

out the 10 week survey. During each 2-week cycle,

traps in each transect were set for a period of 2

consecutive days and nights. Set traps were

examined in the morning and evening of each
trapping day, rebaited, and reset for the re-

mainder of the period. Traps containing animals

were reset in a new location within the 5 m radius

of the station marker. Other traps were replaced

in their previous positions. Captured animals
were examined in the field for identification to

species, and determination of sex, age, and ab-

normalities (injuries, parasites, etc.). Indivi-

duals which were found dead in traps or were

particularly difficult to identify were taken to

the laboratory for further examination. All live

animals were subsequently released where they
were captured. At the end of each 2-day, 2-night

period, traps were placed in new positions and

left closed at their stations. This allowed
animals to become familiar with the foreign
objects, but prevented captures during the 11/2-week

intervals between trapping periods at each trans-
ect. Specimen information, topographic conditions,

and weather - ambient temperature, barometric

pressure, wind velocity and direction, and pre-

cipitation - were recorded on each visit to each

transect. Identification of specimens was based

on Booth (1971), DeBlase and Martin (1974),

Engles (1965), Murie (1974), Otterman and Verts
(1972), Stebbins (1966), and Verts (1971). Com-

mon and scientific names are according to Jones,

Carter and Genoways (1915).

RESULTS

Distribution of Encountered Species 

Five species of amphibians, three species of

reptiles, and 26 species of mammals inhabited the
watershed, sandspit, and intertidal zone of the

estuary (Table 41). The 34 species were repre-
sentatives of 20 vertebrate families. Distribu-
tions of encountered species are shown in Table

42 with reference to the seven previously des-

cribed habitat categories. The vagrant shrew
(Sorex vagrans) and the black-tailed deer
(Odocoileus hemionus columbianus) were the most

widely distributed species, each utilizing all but
one of the habitats. Because the black-tailed
deer used intertidal land simply for passage to

other areas, the vagrant shrew occurred as resi-
dent in the greater variety of habitats. The deer

mouse (Peromyscus maniculatus), found in five
habitats plus the intertidal zone, was the third

most widely distributed species in the study area.
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Riparian alder habitats was the site of the

greatest number of species encountered. This was

caused, in part, by the high representation of

amphibians in the streamside environment, and

also by the capture of three species of evening
bats (Myotis spp.) in that area. Observations

within disturbed mature spruce-hemlock and clear-

cut habitats showed high numbers of species
present; few species were seen in the salt marsh

and intertidal areas. The sand spit was not in-

habited by a large number of species, however

resident populations appeared to contain moderate

numbers of individuals.

Relative Abundance of Trapped Mammals 

means were declared to be significantly different

at the significance level tested (P.0.01). The

use of this statistic insures that the ranking of

means is correct.

For the deer mouse, a significant difference

in numbers trapped was found to occur between the
disturbed mature spruce-hemlock and agricultural

habitats, and between the sand-spit/spruce and

agricultural habitats. These differences between
numbers of trapped deer mice reflect the general

abundance of small mammals found in wooded areas

and the paucity of small mammals found in agri-

cultural areas.

Possible Sources of Error

The total number of encounters with each

species cannot accurately reflect the relative

abundance of those species within each habitat,

because of the irregularity of incidental obser-
vations. As shown in Table 43, 12 species of

small mammals were captured throughout the seven

habitats. One species, the deer mouse, comprised

over 50% of total numbers captured, and three
species, the deer mouse, red-backed vole (Cleth-

rionomys occidentalis), and vagrant shrew,

accounted for 79% of the individuals trapped.

With reference to habitats, 38.9% of the small

mammals were captured in the disturbed mature

spruce-hemlock habitat. Slightly over half that

number of individuals, 19.8% of the total, were
trapped in the only other forested habitat, the

sand spit/spruce. Agricultural and salt marsh

habitats contributed only 3.6% and 2.4%, respec-

tively, of small mammals caught.

Species captured infrequently or in few

habitats were not represented regularly enough to
show statistically valid differences in abundance

between the trapped areas. Deer mice were abun-

dant and widely distributed enough throughout five

of the seven habitats to warrant statistical
analysis. The two transects in which deer mice

were not captured are not included in the analy-
sis. For each transect, the mean number of
captures of deer mice over the five trapping

periods was calculated. Variation within and
among these means proved, in an analysis of

variance (Table 44), to be highly significant
(P. 0.01), showing that deer mice were represented

in the five habitats in significantly different

numbers. Table 44 is presented in transformed

data rather than in original data, since only

transformed data have equal group variances
essential for correct significance levels in the

F-test.

Further analysis was required to find between

which pairs of transects the means showed signi-
ficant differences, that is, between which tran-

sects the numbers of captured deer mice were
significantly different. Ten t-values were

calculated from differences between five transect

means, taken two at a time. In place of table

t-values with which to compare calculated t-

values, values from a studentized range table

were used. If a calculated t-value used to com-
pare two means exceeded, in absolute value, the
studentized range table value, then the two

Fossorial species were not included in the

trapping program, therefore the distribution and
abundance of moles (Family Talpidae) and pocket

gophers (Family Geomyidae) in the study area were

not determined. The trapping of these species is
a time-consuming procedure, requiring specialized

equipment (Pedersen, 1963). Typical mounds and
burrows of the two species were not observed,

although the Townsend mole (Scapanus townsendii)

was found in 1963 and 1965 to inhabit agricultural

areas in Tillamook County (Pedersen, 1963; Giger,

1965).

The survey of distributions of species assumed

that all species were able to be observed or
trapped in all the habitats in which they occurr-

ed. Such factors as the activity cycles of

animals, their timidity, and the location of their

summer activities (arboreal, subterranian, etc.)
affected the chances of encountering them during

the study period.

Measurements of relative abundance of species

among different habitats assumed that each species
was equally trapable in each area. This assump-

tion may have been invalidated by such variables
as the availability of food or cover in each

habitat.

DISCUSSION

Habitats 

Disturbed Mature Spruce-Hemlock 

The abundance of species and individuals in
mature coniferous habitat was notable, and may

have been a result of the high canopy of vegeta-

tion and the moist, rich soil. Amphibians
gathered around muddy pools which formed only in
wet coniferous and riparian habitats. Two of the

three species of reptiles encountered during the
summer were found in mature coniferous habitat.

Several species of mammals in the coniferous

forest may be considered edge species. Although

they were found in wooded habitat, they were also

seen foraging in clearcut areas. These included
the Townsend chipmunk (Eutamias townsendii),

Douglas squirrel, gray fox (Urocyon 
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Figure 44. Transects and observation routes used in the survey of

mammals, reptiles and amphibians at Netarts Bay.
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cinereoargenteus), and black-tailed deer (Odocoil-

eus hemionus coloblanus). The black bear—7.5;71
ameriaiTi)Thiri137117. foraging habits, shoiiii-557

its presence in both sand spit/spruce and clear-

cut habitats. Edge species generally use forest
for cover and nesting, and open area for feeding

(Ingles, 1965).

Species found only in the mature coniferous

forest included the northern flying squirrel

(Glaucomys sabrinus) and the red-backed vole.
The northerTNT squirrel is unique for its

gliding ability. It inhabits the canopy of the

forest, and is rarely encountered because of its

nocturnal activity cycle. One specimen was

trapped at the base of a large spruce tree. The

low number of species captured does not necessarily

indicate the rarity of the species in the study

area, however. It is unlikely that the northern

flying squirrel inhabited any other habitat, in

view of the lack elsewhere of mature conifer

stands.

Brush rabbits (Sylvilagus bachmani), common in

open terrain, rarely enter dense timber (Baily,

1936). However, one juvenile specimen was trapped

in the coniferous forest.

Clearcut

Clearcut habitat contained several small mam-
mal species common to both wooded and open

habitats. Brush rabbits and Townsend chipmunks

were abundant, as were cover and nesting sites

among salal thickets and fallen logs. Four
burrowing mammals found commonly in clearcut

habitat were the vagrant shrew, Trowbridge shrew

(Sorex trowbridgii), deer mouse, and creeping
v5TTTMicrotus oregoni). These four species, plus

the brush rabbit and Townsend chipmunk, were

probably the major prey species for predators in

the clearcut habitat - coyotes (Canis latrans),

bobcats (Felis rufus), and several spe
raptorial birds7---ffick bear sign was common in
this area, and revealed a diet of salmonberry,

salal, blackberry, and thimbleberry.

Riparian Alder

The greatest number of species of amphibians,

reptiles, and mammals was encountered in riparian

alder habitat. Quiet ponds provided spawning
sites for the semi-aquatic amphibians, most of

which spawned until mid-summer (Stebbins, 1966).
Rough-skinned newts (Taricha granulosa) and red-

legged frogs (Rana aurora FWere abundant.

Western toads (Bufo-66Fiis), Pacific tree frogs,
and the introduced bullfrog (Rana catesbeiana)

appeared in lower numbers.

Three species of evening bats were trapped in
mist nets at night. The little brown myotis

(Myotis lucifugus), Yuma myotis (Myotis yumanen-
sis , and California myotis (Myotis californicus)

were all captured in flyways over small streams
and ponds, where they are known to forage for

insects. The three species of Myotis found at

Netarts Bay are common throughout forested areas
of western Oregon; they may be preyed upon by
large snakes and owls (Barbour, 1969).

Beaver inhabited the study area in very low

numbers. One gnawed alder log was found as evi-

dence of their presence. Streams in riparian

alder areas may have been too small for beaver

habitat. Streamside alder trees also provided

nest material for bushy-tailed woodrats (Neotoma

cinerea). These rodents were trapped at severa
stations in the riparian habitat. It is not

necessarily a streamside dweller, but no nests

were seen in forested habitats, where the woodrat

was expected to be abundant (Maser, 1971).

Raccoons (Procyon lotor), ermine (Mustela

ermina), and striped skunks (Mephitis mephitis)

foraged along rocky streamsides. The striped
skunk was seen only once, appropriately in a skunk

cabbage marsh.

Agricultural

Dry, unprotected agricultural habitat contained
two species of reptiles, the alligator lizard

(Gerrhonotus coeruleus) and the common garter

snake (Thamnophis sirtalis). Both species were
found basking on warm days, and sought cover under
low salal growth. The alligator lizard is usually

an inhabitant of wooded areas, but, as a predator

of snails, it may have fed on the numerous slugs

which also inhabit that region (Stebbins, 1966).

Runways and burrows, presumed to be those of

the Townsend vole (Microtus townsendii), covered

much of the agricultural 	 None of this

species was trapped in the area, however, one

individual was seen entering a burrow. The

smaller creeping vole was trapped in low numbers

in agricultural areas.

The only predator observed in agricultural

habitat was the gray fox. One was observed at the

edge of mature coniferous forest, where it may

have been hunting along an open field. Canid

sign, resembling that of the fox, was seen on

several occasions at the openings of rodent

burrows in agricultural habitat. The gray fox is

a timid animal which may hunt for rodents in open
fields, then retreat to forested areas for cover.

Salt Marsh

Only one species of animal was encountered in

salt marsh habitat. The vagrant shrew, a widely

distributed and abundant mammal around Netarts

Bay, was trapped beside a stagnant pool, in high
salt rush vegetation. An insectivorous diet may

allow the species this versatility in habitats,

whereas most rodents could not tolerate the
brackish water and salty vegetation of the marsh.

The general paucity of species in the salt
marsh was, no doubt, a result of the salinity of

ground water. Reptiles and amphibians were

absent from the area. With the exception of
raccoons on the sand spit, species inhabiting

streams which fed into the marsh were not seen in

the marsh.
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Sand Spit/Spruce 

The sand spit/spruce habitat contained resi-

dent populations of vagrant shrews, Townsend

chipmunks, deer mice, and ermine. Dense growth

of salal and Sitka spruce protected small mam-

mals from raptorial birds, and provided abundant

seeds and berries for herbivorous species. One

vagrant shrew was observed feeding on a mushroom.
The highest number of deer mice in any habitant

were trapped in this area, often with two speci-

mens trapped in one Sherman trap. Deer mice were

preyed upon by ermine.

Raccoons, black bears, and black-tailed deer
were seen on the periphery of the sand spit

forest. The abundance of available forage, as

well as numerous observations of sign and tracks,
suggested that deer and raccoon populations were

resident on the spit. The limited amount of

wooded habitat there may have provided temporary

cover and feeding grounds for black bears on a
daily or seasonal basis. It is unlikely that they

were a resident population on the spit, but they

may have wandered across the bay during night
low tides in feeding on shellfish or fish.

Sand Spit/Beachorass 

High numbers of vagrant shrews and deer mice

were captured on the dunes of the sand spit.

Townsend voles were found in lowland regions of

damp grass and gullies. One Pacific jumping
mouse (Zapus trinotatus) was encountered during

the summer. The juvenile was caught by hand in

a very dry area of the spit, at least 300 m from
water. It may have been a resident of the grassy

meadow on the edge of the spruce forest, because
jumping mice are typically denizens of wet,

grassy regions. The species has been found

formerly at Netarts Bay in riparian alder habitat

(Shelton, 1914).

As previously mentioned, black-tailed deer

and raccoons were abundant in the sand spit/

beachgrass habitat.

Intertidal Zone 

The major use of mudflats by a mammalian

species at Netarts Bay occurred with the raccoon.
The animals fed on shellfish which were deposited

by the changing tides. Although the raccoon is

primarily a nocturnal species, individuals foraged
on the mudflats during daytime low tides, as well

as at night.

Black-tailed deer probably used the mudflats

and sandbars as corridors from the watershed to

the sand spit and around the periphery of the bay.

The Pacific harbor seal (Phoca vitulina) was

the only species of the OrdeTTTFInTIT)Rii–in-
countered during the study period. The seals

moved freely in deeper waters of the bay during

high tides, but concentrated their activity near
the mouth of the bay. During low tides, the

herd was seen regularly at one of two principal
haulout sites, on sand bars to the north and
south of mid-bay. In Figure 44 small dotted

circles within the intertidal zone mark the loca-

tion of these sites. The northern site was re-
ported as a harbor seal haulout in 1968 (Pedersen,

1968). These sand bars were commonly occupied by

20-25 seals; the herd numbered 35 visible indivi-
duals on one occasion. Harbor seals are known to

feed on fish, mollusks, and crustaceans (Ingles,

1965).

The undisturbed nature of the Netarts Bay made

it possible to encounter uncommon and wary

species of animals, and to interpret their acti-
vities in the context of minimal disturbance by
man. This study, hopefully, will provide a basis

from which to evaluate the impact of future

planned or effected changes in the estuary.
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TABLE 41. The Occurrence of Amphibians, Reptiles and Mammals in Identified Habitats, June-September

1975.

SPECIES
	

HABITAT

DMSH	 CC	 RA	 AGR	 SM	 SSS	 SSB	 IZ

AMPHIBIANS

Rough-skinned newt

(Taricha granulosa)

Western toad

(Bufo boreas)
Pacific tree frog

(Hyla regilla)

Red-legged frog

(Rana aurora)

Bullfrog

(Rana catesbeiana)

REPTILES

Alligator lizard

(Gerrhonotus coeruleus)

Common garter snake

(Thamnophis sirtalis)

Northwestern garter snake
(Thamnophis ordinoides)

MAMMALS

Vagrant shrew

(Sorex vaqrans)

Trowbridge's shrew

(Sorex trowbridqii)

Little brown myotis

(Myotis lucifugus)

Yuma myotis

(Myotis yumanensis)

California myotis

(Myotis californicus)

Brush rabbit
(Sylvilagus bachmani)

Townsend's chipmunk

(Eutamias townsendii)
Douglas' squirTiT-------

(Tamiasciurus douglasii)

Northern flying squirrel

(Glaucomys sabrinus)
Beaver

(Castor canadensis)

Deer mouse
(Peromyscus maniculatus)

Bushy-tailed woodrat
(Neotoma cinerea)

Western red-backed vole

(Clethrionomys occidentalis)

Townsend's vole

(Microtus townsendii)

Creeping vole
(Microtus oregoni)

Pacific jumping mouse

(Zapus trinotatus)

KEY:

DMSH = Disturbed Mature Spruce-Hemlock
CC	 = Clearcut
RA	 = Riparian Alder
AGR = Agricultural

SM = Salt Marsh
SSS = Sand Spit/Spruce

SSB = Sand Spit/Beachgrass
IZ = Intertidal Zone
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TABLE 41. Continued.

SPECIES
	 HABITAT

DMSH	 CC	 RA	 AGR	 SM	 SSS	 SSB	 IZ

Coyote
(Canis latrans)

Gray fox
(Urocyon cinereoargenteus)

Black bear

(Ursus americanus)

Raccoon
(Procyon lotor)

Ermine

(Mustela ermina)

Mink
(Mustela vison)

Striped skunk
(Mephitis mephitis)

Bobcat
(Fells Tutus)

Harbor seal
(Phoca vitulina)

Black-tailed deer
(Odocoileus hemionus columbianus)

KEY:

DMSH = Disturbed Mature Spruce-Hemlock

CC	 = Clearcut

RA	 = Riparian Alder

AGR = Agricultural

SM = Salt Marsh
SSS = Sand Spit/Spruce

SSB = Sand Spit/Beachgrass

IZ = Intertidal Zone
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TABLE 42. Habitats Identified and the Amphibians, Reptiles, and Mammals Which Occured in Each.

Disturbed Mature Spruce-Hemlock 

Amphibians

Rough-skinned newt

Pacific tree frog

Red-legged frog

Reptiles

Common garter snake
Northwestern garter snake

Mammals

Vagrant shrew

Trowbridge's shrew

Brush rabbit

Townsend's chipmunk
Douglas' squirrel

Northern flying squirrel

Deer mouse
Western red-backed vole

Gray fox
Ermine

Mink

Black-tailed deer

Clearcut 

Reptiles
Common garter snake

Mammals

Vagrant shrew

Trowbridge's shrew

Brush rabbit

Townsend's chipmunk

Douglas' squirrel

Deer mouse

Creeping vole

Coyote
Black bear

Raccoon

Bobcat

Black-tailed deer

Riparian Alder 

Amphibians

Rough-skinned newt

Western toad

Pacific tree frog
Red-legged frog

Bullfrog

Reptiles
Common garter snake

Mammals

Vagrant shrew

Little brown myotis

Yuma myotis

California myotis
Brush rabbit

Townsend's chipmunk

Douglas' squirrel
Beaver

Deer mouse
Bushy-tailed woodrat

Townsend's vole
Raccoon
Ermine
Striped skunk

Black-tailed deer

Agricultural 

Reptiles

Alligator lizard

Common garter snake

Mammals

Vagrant shrew

Trowbridge's shrew

Deer mouse

Townsend's vole

Creeping vole

Gray fox

Black-tailed deer

Salt Marsh 

Mammals

Vagrant shrew

Sand Spit/Spruce 

Mammals

Vagrant shrew
Townsend's chipmunk

Deer mouse

Black bear

Raccoon
Ermine

Black-tailed deer

Sand Spit/Beachgrass 

Mammals

Vagrant shrew

Deer mouse

Townsend's vole
Pacific jumping mouse

Raccoon
Black-tailed deer

Intertidal Zone

Mammals

Raccoon

Black-tailed deer
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TABLE 43. Trapping Results for Small Mammals, by Habitats, June-September, 1975.

HABITAT	
TOTAL	 % OF TOTAL

SPECIES
	

DMSH	 CC	 RA	 AGR	 SM	 SSS	 SSB	 CAPTURE	 CAPTURE

Vagrant shrew 2 4 1 2 4 0 8 21 12.5

Trowbridge's shrew 4 2 0 1 0 0 0 7 4.2

Brush rabbit 1 0 0 0 0 0 0 1 0.6

Townsend's chipmunk 5 0 0 0 0 2 0 7 4.2

Douglas'	 squirrel 0 0 1 0 0 0 0 1 0.6

Northern flying squirrel 1 0 0 0 0 0 0 1 0.6

Deer mouse 28 18 0 1 0 29 12 88 52.7

Bushy-tailed woodrat 0 0 4 0 0 0 0 4 2.4

Red-backed vole 23 0 0 0 0 0 0 23 13.8

Townsend's vole 0 0 3 0 0 0 2 5 3.0

Creeping vole 0 3 0 2 0 0 0 5 3.0

Ermine 1 0 1 0 0 2 0 4 2.4

TOTAL CAPTURE 65 27 10 6 4 33 22 167 100.

% of TOTAL CAPTURE 38.9 16.2 6.0 3.6 2.4 19.8 13.2 100

KEY:

DMSH = Disturbed Mature Spruce-Hemlock
	

SM = Salt Marsh

CC	 = Clearcut
	

SSS = Sand Spit/Spruce

RA	 = Riparian Alder
	

SSB = Sand Spit/Beachgrass

AGR = Agricultural
	

IZ = Intertidal Zone

TABLE 44. Analysis of Variance for Captures of Deer Mice in Five Habitats Over Five Trapping Periods,

June-September, 1975.1-

SOURCE OF VARIATION df SS MS

Total 24

5 Transects 4 7.52 1.88 10.28**

5 Periods 4 1.79 0.48 2.45

Residual 16 2.93 0.18

+ Presented in transformed data rather than original data.

** Highly significant (P = 0.01).
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A SURVEY OF THE AVIFAUNA OF NETARTS BAY, OREGON

INTRODUCTION

Birds have been studied at Netarts since at

least 1901 when William L. Finley and H. T.

Bohlman, traveled there from Portland to study

and photograph the breeding birds on Three Arch

Rocks (Finley, 1902). Jewett traveled to Netarts
several times to observe and collect specimens

(Jewett, 1914, 1921, 1926). Shelton spent
several weeks during the spring and late summer

of 1914 at Netarts where he made detailed obser-

vations on birds, mammals, and habitats (Shelton,

1914a, 1914b). Alex Walker, late Curator of the

Tillamook County Museum, also made extensive

collections from Netarts Bay, and study skins
prepared by him are found in many of Oregon's

museums and university collections. The articles

and photographs by these men are important

sources of information about the general natural

history of the area, but, aside from species

lists, we have little knowledge about status,

distribution, or numbers present when they made
their observations.

Lack's (1937) assessment of bird censusing

difficulties and the need of quantitative

methods for making reliable measurements of bird

populations pointed out how valuable densities
would be in scientific studies of birds. Kendeigh

(1944), discussing the many methods used to mea-

sure bird populations concluded, as did Lack,
that "...population studies should be put upon

an absolute quantitative basis wherever possible."

My objectives were to: identify the dominant
habitats, make density estimates for birds in

those habitats, and assess the affects of manage-

ment techniques, land usage, or other human in-

fluences on birds within the habitats.

Study sites were chosen to represent major

habitats, and also because they were areas, or
habitats, that are likely to be present in the

future, that is, the bay, residential areas,
clearcut forest, mature forest where selective

logging is a source of vegetation and soil

disturbance, and protected mature forest.

MATERIALS AND METHODS

Area Descriptions 

The Bay 

Censuses of the bay were made from seven ob-

servation points along the east shore of the bay

with a 40 power spotting scope and 7x50 bino-

culars. Counts at each observation point involv-
ed first scanning the bay to locate and identify

species and then the area was rescanned to deter-
mine the number of each species present. Glahn

(1967) illustrates how census errors may be
introduced by counting from the same plane that

the birds are on, and for that reason observation
points were located slightly above bay level.

Direct counts were made for all species except

for small shore birds which were estimated in as

small units as possible. All species of gulls

were classified as "gulls," and small shore birds
were likewise treated as "shorebirds." A total

of 17 censuses were completed from 28 June to

31 August.

Density for birds on the bay was obtained by
dividing the total number of individuals by the

total area of the bay which was 945.5 ha

(100 ha = 1 km4 = 247.1 acres) at mean high tide

(Glanzman et al., 1971).

The Watershed 

Estimates of population densities for

terrestrial birds were made from line transect

counts in four areas of the watershed. The
transects included: a residential section of

the town of Netarts (station number 5), a clear-

cut forest section (station number 149), a

mature Spruce-Hemlock forest area where salvage
logging has been used to remove windthrown trees

(station number 151), and an undisturbed mature
spruce forest in Cape Lookout State Park (station

number 176). See Figure 3 for station locations.

Transects 

Residential 

Three counts were made along a transect 1400

m long through part of the town of Netarts in
August 1975. Counts were made between 0600-1000

to avoid noise distraction.

Clearcut Forest 

Seven counts were made along a 1400 m long
transect through a clearcut on Crown Zellerbach

timber lands from 8 July to 2 September 1975. The

transect followed an old logging road through
dense brush and saplings. The seven counts in-

cluded five from 0600 to 1100, one 1500 to 1630,

and one 1900 to 2100.

Disturbed Mature Forest 

A transect 1250 m long was counted six times

from 8 July to 1 September 1975. Counts were
made in the morning (4) and in the evening (2).

Mature Forest

The only stand of undisturbed mature forest

left in the Netarts Bay area is found in Cape
Lookout State Park located at the south end of the
bay. A transect 4000 m long was censused once

on 23 July 1975.

A line transect technique used by Scott,

Reynolds, and Nussbaum (manuscript in preparation),
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and similar to one described by Emlen (1971), was
used to estimate population densities along the
transects listed above. West and DeWolfe (1974)
also used a modification of Emlen's method to

make density estimates for birds along trails in

the Fairbanks, Alaska area. Advantages and short
comings of line transects are covered in papers

by Skellam (1958) and Eberhardt (1968). Density

estimates were made by the determination of a

detection distance for each observation that was

the distance along a perpendicular line from the

transect line through the position of the bird.

Plot size was determined independently for each

species by calculating the mean detection dis-
tance, doubling that distance as the width of a

rectangle, and using the length of the transect
as the length of the rectangle. Species with

less than five observations were recorded as

present, but provided insufficient data to esti-

mate density.

Standing crop biomass was calculated by multi-

plying the body weight of each species (body

weights were obtained from a table compiled by
Richard Reynolds, 0.S.U. Dept. of Fisheries and

Wildlife, personal communication) by the number

of individuals present/km2 , and dividing by 100
to obtain kg/ha (Wiens, Smith, ed., 1975). The

kg/ha were added by transect to give total

standing crop biomass. Biomass data for terres-
trial transects does not include species listed

only as present.

Standing crop biomass data for the bay was

obtained by using the mean density values for

each species; thus standing crop biomass for the

bay is a mean value for the summer.

OBSERVATIONS

Area Descriptions 

Coastal Brush Communities

The coastal brush communities are some of the

most extensive vegetational communities in the
Netarts area and variations of these are found in

nearly every habitat. The communities consist
mainly of six "berry" plants including:	 salal

(Gaultheria shallon), salmonberry (Rubus
spectabilis), thimbleberry (R. parviT7'us), red

elderberry (Sambucus callicarpa), red huckleberry

(Vaccinium parvifolium), and blackberry (Rubus 

ursinus).

Salal is the dominant species in sunny areas,

growing to a height of more than 2 m, but salmon-

berry dominates in the understory in forested

areas. Salal produces dense stands, and is a

valuable plant for both game, and non-game species
of wildlife. Deer, bear, raccoon, and chipmunks

use the dark purple berries as food, and deer
browse the foliage. Song sparrows (Melospiza 
melodia), Wrentit (Chamaea fasciata), Purple finch

(Carpodacus purpureTisT7Tainson's thrush
(Hylocichla ustulata), American robin (Turdus 

migratorius), and Band-tailed pigeons (Columba 
fasciata) were observed feeding on the berries.

Martin, Zim, and Nelson ([1951/, 1961) list two

species of grouse, Douglas squirrels (Tamiasciurus 

douglasii), and Elk (Cervus canadensis) as users

of salal. Salal seldom 	 pure stands.

When all six species of plants occur together, an
interesting succession of fruiting takes place

that is beneficial to wildlife. Salmonberry is

the first to ripen in the spring and is used
heavily for food by many species of wildlife. A

road killed American robin, salvaged on 21 June,
had its entire digestive tract filled with salmon-

berries. As salmonberries began to disappear,

salal berries began to ripen, gradually becoming

the dominant food source. Salal is in turn re-
placed by thimbleberry which attracted the largest

variety of wildlife. Red huckleberry, and red

elderberry are the next in the sequence to ripen
and become an important food source. Blackberries

are the last to ripen in late summer and provide
food until mid-fall. The sequence of fruiting by

the coastal brush communities produces a contin-

uous food supply from the time young birds are
beginning to hatch until the end of the summer

when many species began to migrate out of the

area. The coastal brush communities also serve

to provide an excellent cover source for birds,

and mammals, all year.

Netarts Bay Spit 

Density estimates were not made for birds on

the Netarts Bay Spit, but because of its
importance as an integral part of the bay, a

description of the vegetation is included that

will be referred to below.

At least five different vegetational types

occur on the Netarts Bay Spit, including: high
marsh, along the bay side of the spit; European

beach-grass (Ammophila arenaria) predominant on

the foredunes and the north end of the spit;
coastal brush communities along the lee side of the

foredune at the middle third of the spit; Sitka

spruce forest (Picea sitchensis) also along the 	 •

middle third of the sTar5i-i6Overstory of part
of the coastal brush community; and Lodgepole pine

(Pinus contorta) in two disjunct communities, at

the south end of the spit, and also forming the

north end of the spruce forest area. Photographs

in the Tillamook County Museum, and the University
of Oregon Museum of Natural History, and written
descriptions (Shelton, 1914a, 1914b) indicate

that the forested areas have appeared sometime
after about 1920. The Spruce average 8 to 10 m

high forming an effective wind break for the spit

and part of the bay.

Residential 

The residential area in the town of Netarts

consists of permanent, and vacation, dwellings on

scattered lots screened from each other by native

vegetation which is still dominant throughout the

area. The coastal brush communities are the most
common form of vegetation, but lodgepole pine
stands are also a major component of the residen-

tial area. Many of the permanently occupied
dwellings are landscaped with flowering herbs and

shrubs, that influenced the density and distribu-
tion of some of the birds, such as Rufous humming-

birds (Selasphorus rufus) that were present for at
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least three weeks longer in the Netarts residen-

tial area than in any of the other areas.

Clearcut 

The coastal brush communities are the dominant
vegetation in the clearcut area, but several

species of forest trees are also present; i.e.
Sitka spruce (Picea sitchensis), Western hemlock

(Tsuga heterooF7ii), Douglas fir (Pseudotsuga 

menziesii), Western red cedar (Thuja plicata),

and alders (Ainus spp.). The coastal brush com-
munities along the clearcut transect form dense

thickets 0.5 m to 2 m high. The forest tree

species averages 4 m high throughout the area,

sometimes forming clumps dense enough to limit
visibility. Frequent openings, probably caused

by herbicide applications to control brush, pro-

vide places where annual and perennial plants

produced seeds that attracted several species of

birds.

Disturbed Mature Forest 

The disturbed mature forest area consists of
old-growth Sitka spruce and Western hemlock up to

400 years old. Toppling of old spruce and hem-

lock trees by storms have made openings in the

canopy encouraging growth of underbrush. These
natural openings have been augmented by removal

of windthrown trees by Crown-Zellerbach. Skidding

out salvaged logs with crawler tractors have pro-
vided soil mixing and openings where increased

light penetration favors the growth of	 slightly

modified coastal brush communities. The brush

increased under those conditions, but never be-

coming as dense as on the sunnier clearcut areas.

The overstory height is 65 to 70 m, extending

down to approximately 45 m, and is 75 to 80%

closed. A second canopy of younger hemlock trees

covers about 30% of the area below the oldorowth
canopy and extends from about 30 m to about 5 m

above ground. A third level of vegetation is
composed of seedling hemlock, and coastal brush
communities growing to 3 m high.

Mature Forest 

The mature forest area, located in Cape Lookout

State Park, differs from the disturbed mature
forest in several ways. The canopy of the mature

forest is closed resulting in an open ground

layer. The dominant understory vegetation con-

sists of scattered shrubs up to 4 m high, and
ferns less than 1 m high. The lack of several

vertical stratifications that were present in the
disturbed mature area is an important factor in-

fluencing the densities of birds. However, other

factors probably play an important role also.

RESULTS

Area Descriptions 

The Bay 

During the summer of 1975, 41 species of birds

were found on the bay in the course of censuses

with 17 species found on most counts; only 10

species were found on all 17 censuses. Gulls

were the dominant group and included: Western

(Larus occidentalis), Glaucous-winged (L.

glaucescens), Ring-billed (L. delawarensis), and

California (L. californicusT gulls. Shelton

(1914a, 1914w), and Jewett (1914) reported Western
and Glaucous-winged gulls to be the most common
gulls on Netarts Bay with California and Ring-

billed gulls increasing in numbers as the summer
progressed. No change in relative abundance of

these gulls was observed in 1975.

The number of gulls present on the bay did not

fluctuate to any great extent, but did show a

steady increase throughout the summer with young

birds becoming more common as the summer pro-
gressed. By the second week in August most gulls

in the bay were first year birds. Apparently
most adult gulls were foraging outside the bay.

Large groups of gulls used five loafing areas

inside the bay and two more loafing areas were

located on the ocean side of the spit. After

the second week in August almost all gulls using
the loafing areas on the ocean side of the spit

were adult birds; first year birds predominated

on loafing areas within the bay. Densities for

gulls as ,a group varied from 80.3 to 245.29

gulls/km2 . A comparison of mean densities per
tide stage (Table 45) indicated that tide stage

had no effect on density for gulls in the bay.

A few species found in the bay are listed in

Table 45 and their mean densities compared with

tide stage. Most differences appeared to be the
result of feeding characteristics of the species.

Double-crested cormorants (Phala-crocorax 

auritus) preferred to feed during low, or high

iTaT—and rested during changing tides apparently
to avoid swift currents prevalent within the bay

during changing tides. Cormorants were also

more visible while resting on sand bars and logs,

during changing tides which may account for the

higher densities recorded at those times.

Great blue herons (Ardea herodias), small

shorebirds, and Common crows (Corvus brachyrhyn-

chos), usually moved to resting areas outside the

bay during high tides when the tidelands were
underwater. Densities of Common crows, and small
shorebirds were directly related to the amount of
foraging area, represented by exposed tidelands

available during low and changing tides. Mallards

(Anas platyrhynchos) usually remained on the bay

during high tides, but were difficult to observe
because they frequented tide channels in marshes,

and small coves on the east side of the bay.

Densities of humans and Harbor seals (Phoca

vitulina) were inversely related (Table 461-,-ind

were observed leaving the bay at minus low tides.
An inverse relationship between birds and humans
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was expected, but did not happen with the den-
sities experienced on the bay. Although the den-

sities of birds were not affected by human

activity, their distribution was definitely

affected. Normally most birds were observed
north of Whiskey Creek which included about 75%
of the bay area. The mean percent of the total

number of birds censused on the bay north of
Whiskey Creek was 88%. Nearly all fishing,

crabbing, and clamming was done in the northern

half of the bay (north of station number 113),

and people were seldom found in the southern half

of the bay. The density of people on the bay

usually effected only gulls which were attracted
by crabbing and clamming activities, that ex-

posed food for them. However, on 8 and 9 August,
a Friday and Saturday, when excellent minus

tides and sunny weather resulted in the density
of humans of more than 60 individuals/km 2 , even

the gulls deserted the northern section of the

bay. Only 57% of the birds observed on 8 and 9

August were north of Whiskey Creek. The effect
was a 31% drop from the normal population density

of birds north of Whiskey Creek. The change from

88% to 57% seems to indicate a threshold effect

for density of people on the distribution patterns

of birds on Netarts Bay. The data collected

shows the actual threshold to fall between 29

and 39 people/km2 , but none of the censuses were

taken when density for people was between 29 and
39/km2.

Density of birds on Netarts Bay were at their
lowest point at the end of June when field work

was begun, but gradually increased through the

rest of the summer. Early migrants and post

breeding wanderers, caused an early peak in den-

sity starting on 10 July and ending about 1
August (see Figure 45). The peak was caused,

almost entirely, by shorebirds. Densities in-
creased again as Brown pelicans (Pelecanus occi-
dentalis), shorebirds, and waterfowl arrive in

mid-August. The mean density of birds on the

bay from 22 June, through 31 August 1975, was
439.98 birds/km'. Mean standing crop biomass was

2.045 kg/ha.

Residential 

Densities for all watershed transects are com-

pared in Table 46.

The residential transect yeilded the highest

density estimates of the watershed transects with

2,883 individuals per km2 , representing 34 species.

Standing crop biomass equalled 2.470 kg/ha. The

geographic location of the residential area, in

relation to the bay and bordering watershed
forests, along with the habitat diversity created
by man in any residential area served to create

an extemely rich area.

Disturbed Mature Forest 

One of the important discoveries made in the

course of the Netarts Bay project was the dis-
covery of a Great blue heron rookery in the dis-

turbed mature forest by Christine Kornet, the

project mammalogist, on 1 July 1975. The rookery
consisted of approximately 50 nests, but the

number of active nests could not be determined

because some young birds had probably already

left the nest (McMahon et al., n.d.). An esti-

mated 40 to 50 young herons were present at the

time the rookery was discovered. Young herons at
the rookery steadily declined until 22 August

1975 when the rookery was deserted. The amount

of debris under some of the nest trees suggest a

long period of use (Bent, 1926) by the herons.

Densities for the disturb0 mature forest

totaled 1,733 individuals/km', but since density

estimates could not be made for some species
because of insufficient data, this number is an

underestimate. Weins (Smith, 1975) stated that

densities for breeding birds in forested areas

varied from lep than 200 to more than 250

individuals/km, and that average densities were

high in Northwest Coastal forests. The censuses

at Netarts were made during the post breeding

period and were probably maximum estimates of den-

sity because of the presence of large numbers of
young birds. Standing crop biomass for the area

was 0.692 kg/ha.

Mature Forest 

The most important difference between the
disturbed mature forest and the mature forest

transect habitats was the lack of several vertical

stratifications in the mature forest. The lack
of these vertical stratifications was undoubtably
the most important reason for the extreme differ-

ences in density of individual bird species,

however, other factors probably played a role in
reducing density and standing crop biomass in the

mature forest. The mature forest transect was

never more than 400 m from the ocean and was more
exposed to coastal weather than the disturbed

mature area that was almost 2 km inland.

The mature forest was about half as densely
populated as the disturbed mature forest, but

standing crop biomass was 80% less than the

biomass of the disturbed mature forest. The

difference in biomass was caused by the absence

of some large species and lower densities of most

other species. Standing crop biomass was
0.135 kg/ha, compared to 0.729 and 0.692 kg/ha

for the clearcut and disturbed mature areas,

respectively.

DISCUSSION

Clearcut 

Density estimates for the clearcut area totaled

1,921 individuals/km2 with a standing crop biomass

of 0.729 kg/ha.

The most prominent feature of Netarts Bay is
the long sand spit running the entire length of
the bay. The position of the spit with Cape Mears

on the north and Cape Lookout on the south make it

an important stopping place for migrating birds.

The variety of habitats increase the attractive-
ness of its location, which is responsible for the
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occurrence of four species of birds on the spit
that occurred nowhere else in the area including:

the Snowy plover (Charadrius alexandrinus), Long-

billed marsh wren (Telmatodytes palustris),

Western meadowlark (Sternella neglecta), and the
Savannah sparrow (Passerculus sandwichensis).

Savannah sparrows did fly across the channel at

the north end of the bay, but always returned

to the spit when approached. A group of Purple

martins (Progne subis) were observed several
times on the north end of the spit and one indivi-

dual was found once across the channel at the
boat basin.

Several species of birds appeared on the spit

before appearing anywhere else in the Netarts

area. Red crossbills (Loxia curvirostra) were

numerous in the Spruce forest on the spit for

two weeks before they were found on the mainland.

Pectoral (Erolia melanotos) and Baird's (E.

bairdii) sandpipers, Black-bellied plovers

(S9uatarola squatarola), and Marbled godwits
(Limosa fedoa) appeared on the beaches of the

spit a few days before moving into other parts
of the bay.

The vegetational types on the spit were

important to many species of birds. Great blue

herons used the Spruce forest as roosting areas

at night and at high tides when as many as 40

herons could be observed perched in the tops of
the larger trees. The coastal brush communities

were nesting habitat for Rufous hummingbirds,

Swainson's thrushes, and a nest of a Marsh hawk

(Circus cyaneus) discovered there in May con-

tained five eggs. Snowy plovers have nested on

the spit in the past, but there was evidence of
only two individuals and more than one at a

time was never observed.

Great blue herons are one of the most obvious

species on the bay, though not the most numerous.

Often more than 150 herons were observed on the

bay, and on one census 246 herons were counted;
171 of them were observed from station 134,

located at the mouth of Whiskey Creek. Herons

sometimes formed large feeding flocks of 80 or
more birds. Scott (1973) and Christman (1957)

reported that several species of birds would con-
gregate, and a ppeared to cooperate in capturing
prey. Similar cooperation seemed to occur at

Netarts Bay when gulls, cormorants, and Mallards
would join the large groups of herons to feed on
a variety of fish and invertebrates. The re-

sulting large aggregations were indicative of
several resources occurring together that were

attractive to birds. The characteristics of
the bay that attracted large numbers of birds

were an abundance of food, the shallowness of the

bay facilitating prey capture, the sheltering

effect of the spit, and low human disturbance.

The long, narrow shape of the bay has been an

important source of isolation necessary for some
species of birds, such as waterfowl, and Great

blue herons, who are less tolerant of human
presence than other birds. Most human activity

has been restricted to the northern half of the

bay by soft mudflats and lack of facilities at

the south end; small secluded coves and large
eelgrass beds in the southern end of the bay have

received little human encroachment. The narrow

south end contains extensive eelgrass beds that

attract large numbers of Black brant (Branta 

bernicla), and other waterfowl, to Netarts Bay.

Since most species of waterfowl will not tolerate

people nearby, efforts to leave screening vegeta-

tion between new development projects and the bay

will be important in maintaining the present level

of use by waterfowl.

Eelgrass beds are another valuable resource of

the bay that provides food for waterfowl (Bent,

1923, [1925], 1962; Kortright, 1967, and Martin,

Zim, and Nelson [1951], 1961), food and breeding
areas for marine invertebrates, and as cover,

breeding, and nursery grounds for fish. Eelgrass

is also an important source of physical alteration

of the bay. Freshwater streams carrying silt out

of the watershed into the south end of the bay,

moves through tide channels where eelgrass slows

the current along the edges catching and retain-

ing some of the silt. Natural levees have been

formed by this process, impounding water at low
tide and creating shallow lakes that never com-

pletely drain. These "Zostera lakes' produce

favorable conditions for invertebrates and fish,

thus making these areas preferred feeding

grounds for cormorants, gulls, herons, egrets,

mergansers, mallards and several other species of

waterfowl.

The transects censused in the watershed show

many of the effects of man on species, and
community density. The clearcut area had the

highest density, and greatest number of species
of the three forest types studied. The basic

resources of food, cover, and water were abundant

in the clearcut area so density and biomass were
high. A comparison between the clearcut and dis-

turbed mature forest areas revealed that, although

the two areas were very different habitats, the

density estimates in the clearcut were only 10%

greater than in the disturbed mature forest, while

standing crop biomass was less than 6% higher than

in the disturbed mature forest. Forest manage-

ment techniques caused a greater than expected

similarity between the two areas. The selective
removal of trees in the disturbed mature forest

created openings, increased light penetration,
and stimulated the growth of understory plants.

The value of additional understory layers was

illustrated by comparing results obtained in the

mature forest, on Cape Lookout, where an under-

story was almost nonexistant by comparison.

Density of birds in the mature forest was 60%

less than the density in the clearcut area and

standing crop biomass was only about 18% of the
biomass in the clearcut.

Additional benefits may be possible to birds

and other wildlife in the disturbed mature forest

area. Soil was not as extensively exposed to
washing as in the clearcut area because of the
protective vegetation growing above it, conse-

quently very little soil will end up in the bay
from the disturbed mature forest. Fog supplies

a considerable amount of moisture to the forested

areas by condensing on the crown foliage and

dripping to the forest floor; thus clearcut areas

were much drier than any of the forested areas.

Another problem in clearcut areas is coastal

brush communities competition with conifer seed-
lings. Brush competition in the disturbed mature
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forest was far less than in clearcut areas because

light levels were too low to produce very dense

stands of brush, yet light was still sufficient

for the growth of spruce and hemlock seedlings
and saplings. Because of these advantages serious

thought should be given to using selective logging

as tool for improving forest yields, as well as,

wildlife habitats. Indeed alternate sections of
forest lands could be selectively logged and
clearcut to provide a variety of habitats that

would increase forest and wildlife yields.

The residential study area was similar to

situations described by Welty (1962) where the

extreme richness of city parks, caused the variety

of vegetation, mixing of open and shrubby areas,
and man made structures, have increased the den-

sity of breeding birds. The residential area in

the town of Netarts was much more densely popu-
lated by birds than any of the other areas. The
town had a 67% higher density of birds, and three

times the standing crop biomass of the clearcut

area. Similar effects of habitat richness devel-

oped from different land usages were found by
Dambach and Good (1940) when measuring the

effects of land use on birds, by Warbach (1958)

on a study of changes over a period of years, in

farm land-use, and by Hooper and others (1975) in
their study of birds in a new suburban residential

area.

Human activity and land usage were the per-

vading factors influencing bird populations

throughout the Netarts Bay area. The manipulation

of watershed forest cover has been the most im-

portant factor acting on other biological re-

sources, in both watershed and bay, up to the
present time, but forest management practices are

becoming less important. Pressures of growing
human populations, and accompanying land develop-

ment, are replacing forest management as the dom-

inant force affecting avian community structure

and distribution, although forest management has
not lessened in intensity or in extent of area

effected. Terrestrial bird communities will be

affected to some extent by future expansion of

land development for dwellings, businesses, and
recreation, but aquatic bird communities will also

be affected by increasing human populations.

Intrusion of man into secluded areas is an
important factor affecting birds. The first

specimen of a Spotted owl (Strix occidentalis)
recorded in Oregon was takeTirrthe Netarts area

in 1914 (Gabrielson and Jewett [1940] 1970), and

although suitable habitat has drastically de-
creased since 1914, human intrusion has contri-

buted to the probable demise of the Spotted owl.

Several attempts were made to locate Spotted owls

in the Netarts area, but without success. Log-
ging operations require roads for the removal of

logs, but roads also allow man to enter what were
once remote and secure areas for many kinds of

wildlife. Only the mature forest where man
seldom ventures is acceptable nesting habitat for
the Spotted owl, and Great blue heron. Nesting
heron will not accept the presence of man around

the rookery, and require the protection of remote-
ness, screening from noise and wind, and protec-

tion from ground predators (including man) that
is provided by mature forests (McMahon and others,

n.d.). The policy of Crown-Zellerbach Company of

restricting public access on their forest lands
in the Netarts area will probably do as much to

protect the Great blue heron rookery, located on

their land, as their cooperation in setting, and

observing, buffer zones around it.

Information about densities of birds around
Netarts Bay, Oregon from past studies would have

been very useful in assessing changes that may

have taken place in the past. However, what
happens to Netarts Bay in the future depends on

how its natural and human resources are managed

now. Hopefully the information presented here

about birds, and other resources studied by
members of the project, will provide some addi-

tional knowledge needed to make equitable deci-

sions concerning the future of Netarts Bay,

Oregon.
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TABLE 45.	 Continued - Low Tide

SPECIES
3

July (2)

10
July

8
August

9
August Average

Common Loon .10 .10

Brown Pelican .84 2.43 1.63

Double-Crested Cormorant 3.27 7.51 9.20 2.32 5.75

Great Blue Heron 8.88 19.88 23.16 17.13 17.26

Mallard 8.60 8.35 41.56 57.43 28.98

Pintail .10 .10

Marsh Hawk .10 .10

Killdeer .31 .31

Whimbrel .21 .52 .36

Dunlin .74 .74

Small Shorebirds

Gulls 96.99 120.37 197.37 171.99 146.68

Pigeon Guillemot .63 .52 .57

Belted Kingfisher .32 .32 .10 .42 .29

Barn Swallow 1.26 5.81 12.16 13.43 8.16

Common Crow 8.03 8.88 10.26 9.41 9.14

Starling .95 .95

Total 128.09 252.80 327.37 401.52 277.44

People 4.75 23.05 44.42 61.98 33.55

Dogs .10 .31 1.90 2.22 1.13

Harbor Seal .84 2.11 .63 2.22 1.45

Raccoon .10 .10
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TABLE 45.	 Continued - Changing Tides

SPECIES
4

July
5

July
12

July
20

July
29

July
17

August Average

Brown Pelican 1.48 1.48

Double-Crested Cormorant 11.00 7.72 8.25 8.99 9.73 8.25 8.99

Great Blue Heron 6.87 19.35 26.02 19.25 18.61 12.79 17.14

Black Brant .21 .21

Mallard 6.98 6.24 6.55 21.26 21.89 54.79 19.54

Pintail .10 .10

Semipalmated Plover .10 .10 .10

Killdeer .31 .10 .20

Spotted Sandpiper .10 .10

Greater Yellowlegs .10 .10

Whimbrel .42 2.64 .74 1.26

Small Shorebirds 6.34 10.57 148.08 235.87 562.72 177.06 190.10

Marbled Godwit .10 .10

Gulls 93.71 110.95 90.01 118.25 137.82 245.29 132.67

Heermann's Gull .10 .10

Caspian Tern .31 .10

Common Murre .10 .10

Pigeon Guillemot .52 .31 .21 .10 .21 .27

Belted Kingfisher .42 .63 .52 .31 .84 .63 .55

Barn Swallow 3.70 3.38 9.62 2.64 8.35 18.82 7.75

Common Crow 6.45 6.34 6.34 8.88 4.12 7.08 6.55

Starling .74 1.58 1.16

American Goldfinch .63 .63

Song Sparrow .10 .10

Total 136.55 166.38 296.38 420.45 764.43 538.60 387.13

People 28.98 4.54 2.11 7.40 .52 5.18 8.12

Dogs .74 .31 .31 .52 .10 .39

Harbor Seal .84 2.00 3.50 3.17 4.01 .63 2.37

Raccoon .42 .42
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TABLE 46. Species Occurrence According to Habitat.

SPECIES Occurrence Residential

Forest Type

Clearcut Disturbed

Mature

Mature

Red-tailed Hawk

Mountain Quail

1/7
1/6
1/7

Band-tailed Pigeon 2/3 50

4/7 30

2/6 49

Mourning Dove 1/3
Great Horned Owl 2/6
Common Nighthawk 1/8

2/6 1
Vaux's Swift 2/6 6

Rufous Hummingbird* 2/3 40
5/7 61

3/6 38

Belted Kingfisher 1/7
Common Flicker 3/3 31

5/7 48

6/6
Pileated Woodpecker 1/7 +(1)

1/6 I-(1)
+(2)

Hairy Woodpecker 2/3 35
1/7 22

4/6 72
Downy Woodpecker 2/3 17
Western Flycatcher 1/3

1/7
5/6 40

42

Olive-sided Flycatcher 2/3
5/7 38

4/6 35

10
Violet-green Swallow 1/3

1/7
Tree Swallow 1/3
Barn Swallow 3/3 159

2/7 39
Purple Martin 1/3
Gray Jay 2/6 4
Steller's Jay 2/3 36

7/7 27
6/6 83

32
Common Raven 2/7

Common Crow 3/3 321
2/7 6
1/6

Black-capped Chickadee 2/3 142
Chestnut-backed Chickadee 3/3 188

4/7 99
6/6 193

169
Common Bushtit 3/6 81

1/6
Red-breasted Nuthatch 3/6 24
Brown Creeper 2/7

3/6 145

Wrentit 3/3 95

7/7 162

3/6 19
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TABLE 46. Continued

SPECIES Occurrence Residential

Forest Type

Clearcut Disturbed
Mature

Mature

House Wren 3/3 42

4/7 9

4/6 31
25

Winter Wren 2/3 32

1/7 72

6/6 92
60

Bewick's Wren 1/1

3/7

American Robin 3/3 161

7/7 195

6/6 154
46

Varied Thrush 1/7
4/6 41

Swainson's Thrush 3/3 86

7/7 56

6/6 70
35

Golden-crowned Kinglet 3/3 260

1/7
6/6 208 298

Cedar Waxwing 3/3 41

7/7 133

Starling 3/3 324

Orange-Crowned Warbler 2/3 89

7/7 72

3/6
39

Wilson's Warbler 3/3 61

7/7 178

6/6 156
39

Western Tanager 3/7 6

1/6

Black-headed Grosbeak 4/7 5

1/6

Purple	 Finch 1/3 51

4/7 128

2/6

Pine Siskin 3/3 49

4/7 35

3/6 15

American Goldfinch 3/3 123

6/6 172

Lesser Goldfinch
Red Crossbill 2/3 59

1/7
2/6 86

Rufous-sided Towhee 1/3 14

7/7 30

Savannah Sparrow 1/3

Dark-eyed Junco 5/7 147

White-crowned Sparrow 3/3 89

6/6 20

Fox Sparrow 1/7

Song Sparrow 3/3
7/7 200

TOTAL SPECIES 54
Per Transect 34 39 32 17
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TABLE 46. Continued

SPECIES Occurrence	 Residential

Forest Type

Clearcut Disturbed	 Mature
Mature

Townsend's Chipmunk 3/3	 88
7/7 181
5/6 99

Douglas Squirrel 2/7
5/6 56

Brush Rabbit 6/7 107
Bobcat 1/7
Black Bear 1/6
Black-tailed Deer 2/6

People
Dogs

1979
250

Occurrence: 4/7 = species recorded 4 times out of total times the transect was walked (7).

+ = Species recorded, but too few individuals were found to estimate density.

(2) = actual number of individuals recorded.
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DISCUSSION OF STATISTICAL ANALYSIS

INTRODUCTION

The purpose of this section is to give an over-

view of all statistical techniques used in this

study, with mention of some of the problems en-

countered in analysis and interpretation. In some
cases, possible solutions to these problems are
suggested.

Included in this section is a list of all the

analyses carried out in each study area, together
with a discussion of the sampling schemes used in

five of the studies. A detailed description of

a technique is given only if it is not discussed
in readily available statistical literature.

Otherwise, the reader is referred to a source
given in the bibliography.

In most cases, the reasons for using a given

technique are discussed. Any assumptions which

must be met in order for a technique to be used

are also given. If any assumptions seemed to be

violated, the implications of this are assessed.

However, for the results of the analyses, the

reader should refer elsewhere in this report to

the section dealing specifically with the topic
of interest.

The last part of this section deals with the

problems encountered in attempting to use some of

the statistical procedures to answer certain

questions. Many of these problems appeared in the
area in which the most complete statistical
analysis was performed -- the benthic inverte-
brate section.

DESCRIPTION AND DISCUSSION
OF STATISTICAL TECHNIQUES

All of the analyses were carried out on one of

the two computers at Oregon State University:

the CDC 3300 under the 0S3 operating system or

the CDC Cyber under the Kronos operating system.
A number of statistical packages and programs

were used. On the CDC 3300, the Statistical

Interactive Programing System (SIPS) was used

for tasks such as regression analysis, analysis

of variance, principal component analysis, and

histograms. In addition, the UCLA Biomedical
Computer Program, BMDO7M, was used on the 3300

for the canonical discriminant analysis of the

benthic communities.

The larger part of the analysis was made on

the CDC Cyber computer using the Statistical
Package for the Social Sciences (SPSS). Analyses

carried out on SPSS included calculation of
descriptive statistics, frequency distributions,

histograms, scattergrams, correlations, t-tests,
analyses of variance, cross tabulations, and
principal components.

Statistical analyses were made of the results
from five study areas. However, before discuss-

ing these analyses, it is important to cover the
sampling schemes used.

Sampling Schemes 

In all of the five areas for which statistical

analyses were planned and carried out, sampling

sites were located along transects. One set was
located inland in areas representative of distinct

habitat types, and was employed in the surveys of

land wildfowl and wildlife. Traps for small
mammals were set at representative points along
the wildlife transects, while other transects

served as paths for walking censuses of the

wildfowl.

A second set of transects covered the bay it-

self. Running in exact east-west lines and

located every 2000 feet, as one moved from north

to south, these transects covered the entire bay

from head to mouth. Samples of benthic inverte-

brates and sediments were taken concurrently at

sites along each of these transects. No attempt

was made to randomize the location of these

sites; it was desired only that they be represent-
ative of the bay. Accordingly, sites were usually

400 ft. apart. However, if the habitat was

changing more rapidly than average, sites were but

200 ft. apart, while if changing less rapidly,
800 ft. apart. Once one of these intervals had

been measured, the exact quadrat chosen for
sampling was chosen directly, without randomiza-

tion.

Sampling sites for the botany study, which in-

volved estimation of the total standing stock of
eelgrass in the bay, were also located along'
these transects. However, additional sites were
positioned along transects located halfway between
these 2000 ft. transects. By means of these extra

transects and regular spacing of sites along them,

an essentially systematic sampling grid was laid

over one of the two beds surveyed. By assuming

that this systematic grid was equivalent to a
simple random sample, it was possible to assess

the precision of the estimates. Unfortunately,
substrate too soft to walk on prevented a similar

grid being established on the second bed. The

exact location of the sampling quadrat within a
10 ft. radius was determined with the use of

random numbers. This final randomization step

ensured that the exact area was not influenced

by personal bias.

Analytical Procedures 

The five areas for which statistical analyses

were made are: 1) botany, 2) small mammals,
3) wildfowl, 4) sediments, and 5) benthic inverte-

brates. The first to be discussed will be botany.

In accordance with the scheme described in the
previous paragraph, botany samples were taken from
two eelgrass beds. Sample size was set in order
to achieve the desired coefficient of variation
when calculations were based on variances reported

in a previous study on eelgrass beds. The total

standing stock of eelgrass in the bay was esti-
mated assuming a stratified random sample had been

taken. (See Cochran, 1963 for further informa-

tion on formulas.)
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In the second area, small mammals, counts from

trapping along seven transects were analyzed.
Although nine species were caught, all but two
were found at only a few of the transects. As a

result the variances for these species varied

greatly from transect to transect, being zero for

the transects with all zero counts. This heter-
ogeneity of variances between transects was of

course accompanied by a lack of normality due to

the preponderance of zero counts. Since these

two conditions meant that the significance

levels for t-tests and analyses of variance
(ANOVA) were not valid, these procedures were

not used for these seven species. (See Snedecor

and Cochran, 1967 for a discussion on the assump-

tions underlying analysis of variance.)

Prior to analysis, the remaining two species

and a new variable, equal to the total caught,

regardless of species, were transformed by

adding one to each count and then taking the

square root of the resulting sum (y = x + 1).

This transformation was chosen since animal counts

tend to follow a poisson distribution, which

examination of the histograms seemed to support.

This step served to normalize the data and re-

moved the tendency of transect variances to de-

pend on transect means.

Next, a two-way analysis of variance (ANOVA)
for each of these two species and the total was

made, using transects and sampling periods as
factors. The transect by period interaction

was assumed negligible and its mean square used

to estimate mean square for error.

In the two cases in which the transect factor

was significant, the least significant difference

(LSD) which was required before two transect

means would be declared statistically significant

was calculated using the tables of the Studentized

Range (see Snedecor and Cochran, 1967). The use

of this particular LSD ensures that, in comparing
a group of means simultaneously in all possible

combinations, that the probability of one out of
all the differences being declared significant,

soley by chance, is controlled at the desired
significance level.

The wildfowl study represented a third area

requiring statistical analysis.	 This study was

divided into two parts -- an inland, transect

survey and a bay census. Each required an

entirely different analysis. In the inland

survey, the investigator verbally recorded the

species and distance of each bird sighted as he
walked along one of the transects. The main

problem in the analysis of this data was to sort

these counts by species and then calculate
statistics of interest for each individual species.
Accomplishing this goal required extensive
modification of an existing program 519 lines

long, with seven subroutines, whose purpose only
moderately resembled that just stated. However,
after one-third of this program had been eli-

minated and 50% of the remainder rewritten, it

successfully calculated for each species a mean,

minimum, and maximum detection distance, along

with the number of individuals observed. Using
the mean detection distance to calculate the area

effectively surveyed, it made an estimate of the
mean density. However, due to the sampling

technique, no estimates for the precision of this

density could be figured. (See Emlen (1971) for a

discussion of the problems in sampling bird

populations.)

The second part of the wildfowl study was a

complete census of the bay, counting every bird

on the bay at the time. Summary statistics for
each species were calculated. Since the censuses

were grouped according to tide, t-tests for each
species were made to compare tide means. However,

since the sample sizes were less than six in each
group and the data contained many zero counts,

the significance levels for these tests were dis-

regarded.

The fourth area was that of the sediment study.

Sediment cores taken at each of the benthic in-

vertebrate sampling sites were subjected to a grain
size and organic carbon analysis. The grain size

analysis required conversion of settling times to

grain size percentiles and calculations of esti-
mated moments of the grain size distribution from

these percentiles. Two existing programs were

modified from an interactive to batch mode to

carry out these tasks. In this way, more than one

observation could be analyzed in a single run.

Once the size percentiles were calculated,

their histograms, normalplots, and summary
statistics were obtained. In addition, the per-

centiles were subjected to a principal components
analysis. However, the results of this analysis

were not included in the report due to the diffi-
culty in interpreting the results. Inspection

of the percentiles did not readily indicate how

the sediment was made up in terms of the amount

of coarse vs. fine material. As a result, there

seemed no way to attach meaning to the components

on the basis of their factor loadings. In addi-

tion, the fact that percentiles are inherently

correlated made it questionable how much meaning

should be attached to the high % of variance which

was explained by the first component.

The last area, and that most extensively

analyzed statistically, was that of benthic inver-

tebrates. A wide range of analyses was carried

out in an attempt to accomplish four objectives:

1) to determine dispersal patterns of individual

species, 2) to investigate species inter-relation-

ships, 3) to identify biological communities and

investigate some of their properties, and 4) to

assess the influence of environmental factors on

the abundance patterns of the species.

The first objective was to determine species

dispersal patterns, i.e. were the individuals of
a species dispersed in a random, regular, or

clumped manner. Determination was based primarily

on comparison of the sample means (Z) and the

sample xariance (s 2 ).	 In particular, a statistic
for a ;(	 (chi-square) mean to variance ratio test

was calculated. A resulting statistic too small
indicated a regular dispersal pattern, while one

too large, a clumped pattern. A statistic neither
too large nor too small suggested a random mosaic.

Since results of the mean to variance ratio
indicated clumped dispersal, all species counts

were transformed by adding one to each count and
then taking the natural logarithm of the result.
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This transformation had the effect of tending to
make the species counts follow more closely the
normal distribution, rather than the negative

binomial distribution observed in the untrans-
formed counts. As a result, conclusions which

were derived 'rom statistical tests based on
assumptions of normality became more valid. An

additional advantage was that interspecies corre-
lations increased, which added to the value of

other techniques used, in particular that of
principal component analysis. Incidentally, all
the analyses which are subsequently described

were carried out on these transformed counts,
unless indicated otherwise.

In the first step of investigating species

inter relationships - the second objective - all

species were correlated with one another. Signi-

ficance levels were calculated for each correla-
tion. However, these levels are probably in-

correct to some degree since they depend on

normality. And the abundance of zero counts,
which were observed in many species, resulted in

deviations from normality, even after the log
transformation.

The second step was to perform a principal

component analysis on the standardized species

counts. If the first few components had explained

much of the total species variability, the factor

loadings could have been examined to determine

which species tended to co-occur. For example, if
a group pf species all had high positive loadings,

that would have been an indication that the

species tended to be found in similar locations in
the bay. However, even after the 20 rarest

species were excluded from the analysis, the first

few components failed to explain a significant
portion of the variability (only 60% in the first
five components). As a result, this interpreta-
tion of the loadings was not carried out.

With regard to the third objective, identifi-
cation and investigation of the benthic inverte-

brate communities in the bay, four statistical

procedures were employed. The first of these has
already been mentioned--principal component

analysis. However, rather than examining each

species' factor loadings, scores on the first two

principal components were computed for each

sample. These scores were then scattered, with
one axis representing a sample's score on the

first component, the second axis its score on the
second component. If no distinct communities

existed in the bay, the scattered points would

tend to form one large cluster. However, a number

of clusters, each made up of points representing

sample sites found in the same area of the bay,

would indicate the existence of such communities.
Although no such clusters were found, this lack
seemed clearly due to the failure of the first

two principal components to explain much of the
total species variability.

The second, and fortunately more fruitful, pro-

cedure used in identification of benthic communi-
ties, was a clustering algorithm which used
species counts to define dimensions in euclidean
space. In essence, the algorithm used the counts

of 19 species to cluster sampling sites into a
number of groups. Each group of sites was then
interpreted as representing a biological

community.

In particular, the counts of 19 species were

used to determine each sampling site's position in

19 dimensional space. These counts, already log

transformed, were further transformed by dividing
each count by the square root of its species

standard deviation (standard deviation of log

counts). (See "problem" part of this report for

discussion of why this transformation was used.)
These positions were then plotted, so to speak,

in 19 dimensional space and the center of the

resulting cluster of points was calculated.

Next, the algorithm determined the point
furthest from the center of this first cluster

and assigned it to a second cluster. All other
points were then assigned either to the first

cluster, if they were closest to its center, or
to the new cluster, if they were closest to the

point chosen initially. Following this assign-

ment, the centers of the two new clusters was

then calculated. The point farthest from either

center was then used to initialize the third

cluster. All points were next assigned to one of

these clusters on the basis of which center they

were closest to. This procedure was followed until

ten clusters were formed. Thus, in the end, each

sampling site had been assigned to one of ten

clusters.

However, since the program printed the site

assignments after each new cluster was formed,

the results could be inspected to determine the
number of clusters which seemed to best reflect
the number of communities indicated by field

observation. Further, since sites which were

grouped together when few clusters had been
formed, tended to remain together, some sites
were reassigned to different clusters on the basis

of biological intuition and knowledge.

Once these sites had been clustered into com-
munities on the basis of this algorithm, a third

procedure was used to determine which communities

tended to be most similar. In particular, this
procedure, canonical discriminant analysis, was

used to determine which of the clusters were close

together as indicated by the species counts.

Basically, after each site had been assigned to

one of the clusters, a discriminant analysis,
using 19 species counts as variables, was then
performed between the clusters. The scores on

the first two discriminant functions were then

plotted -- one point for each sampling site. By

means of labels on each point, which indicated to

which cluster it belonged, it was possible to
determine the relative position of the clusters.

Since the clusters represented communities, these
positions revealed which communities were most

similar.

The last procedure used in the community

analysis was to calculate a number of diversity

indices. Since they are described in the benthic
invertebrate section, no further mention of them

will be made here.

In attempting to achieve the last objective of

the benthic invertebrate analysis--to assess the
influence of environmental factors on the abundance

patterns of the species--the first procedure used
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was multiple regression. Each species was re-
gressed on the sediment percentiles and the %

organic carbon. (The carbon %'s were transformed
by taking square roots, rather than by arcsins,

since all the %'s were near zero.) The resulting
R4 values were then used as indicators of how
well the sediment properties explained species
variability.

Originally, it had been planned to perform
also a canonical correlation between all the

species and all the sediment variables. Correla-

tion of the first few canonical variables, with

the original species and sediment variables,

might have been used to determine which environ-

mental factors seemed to be responsible for any

of the species groupings observed. However, the
average of R4 's obtained in a	 group of multiple
correlations (one for each species) indicates

how large a canonical correlation will be obtain-

ed. Since this average was quite small, it was

clear that the canonical correlations would be
so small that no meaningful interpretation, of the

type just described, could be made. Thus, this
procedure was not carried out.

DISCUSSION OF SOME PROBLEMS ENCOUNTERED

Two types of problems were encountered in
carrying out the statistical analyses which have

been described. The first type was the simple

failure of certain techniques to provide the type

of information that had been hoped for. The

second type was more complex, consisting of some

theoretical problems which arose in application

of some of the techniques to the data obtained.

Two main examples of the first type of pro-

blem were seen. First of all, principal component
analysis failed to give any insights into species

inter relationships or community structure.

Secondly, the multiple correlations, which re-

sulted from the regression of each benthic
species' counts on the sediment variables, were

too small to permit any assessment of how such
variables affected the species.

Both of these problems arose from the same

source--virtually every species was absent from a

majority of the sampling sites. In other words,

there were too many zero counts. This abundance
of zero counts remained even after transformation.

Most importantly, these zero counts were largely

responsible for the low correlations seen between
species counts.

The effect of these low correlations on the

principal component analysis can be easily ex-
plained since this technique depends on the
variables under consideration being fairly highly

correlated. If all the variables were completely

uncorrelated, the analysis would not simplify the

data at all. Hence, the failure of this technique
due to the presence of the zero counts.

Further, in the same manner that these zero

counts lowered interspecies correlations, they

reduced the likelihood that species would

correlate with any other variables. Hence, the
low R2 seen in the multiple regression.

The large number of zero counts observed also

raised some theoretical questions. Were these

counts the result of a species being dispersed

according to a pattern, say clumped, in which one

would expect many samples to contain no indivi-

duals from the species, or were they due to the
species being present in one part of the bay but

absent in another. If the first case were correct,

the fitting of a negative binomial distribution to

the counts was proper. However, in the second

case, the observed distribution was truly a com-
pound or mixed distribution. Properly, a distri-

bution should have been fit to only samples taken

from that part of the bay where the species lived.

From the data obtained it was impossible to tell

which of the two possibilities was correct. How-

ever, a sampling scheme using quadrats of two

sizes might help resolve such a problem in future

studies.

In this scheme, a small number of large quad-
rats would be taken from each ecologically dis-

tinct region of the bay. Since the probability

of detecting a species increases with quadrats
size, these large quadrats would be good indica-

tors of whether or not a species were found in an

area. In addition, a large number of smaller

quadrats would be taken. This phase of the

sampling would give enough observations to permit

the fitting of a statistical distribution to the

species counts.

An added advantage of this two-phase sampling

scheme would be that with greater information on

where each species were found, species distribu-

tion maps would acquire added validity.

A second theoretical problem concerned how to

best scale the species counts for use in the

clustering algorithm. Since distance between

sites is used as the criterion for clustering,

the more abundant species tend to exert much more

influence than the rarer species on cluster
determination. To adjust for these differences

between species in the ranges of the counts,
counts for a species are usually divided by their

species' standard deviation. However, a problem

arose because the counts had already been log

transformed.

In particular, on one hand, if the species had

been standardized prior to the log transformation,

the ranges would have been unaffected. This re-
sult would have occurred because log x/c=logx-

logc, i.e. only a shift of location would have

taken place. On the other hand, standardizing the
counts after log transformation would have made

the ranges of the transformed counts roughly the

same. However, if the antilogs of these stan-
dardized counts were examined, one would find that

a species, whose range was five times that of a
second species prior to any transformation, would

now have, after taking anti-logs, a range one-

fifth that of the second.

This problem can be and was solved by dividing

each count by the square root of its species'
standard deviation (as calculated following the

log transformation). If antilogs are then taken
of the counts, all species will exhibit similar
ranges. For this reason, this transformation
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seems optimal when using the algorithm on species
counts which have been log transformed.
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HUMAN UTILIZATION OF RESOURCES IN NETARTS BAY, OREGON

INTRODUCTION

A primary concern to resource managers within
coastal areas is to make rational decisions on

resource use that will enhance and not degrade the

over-all quality of that resource base. This is

particularly true in regard to the resources and

the associated systems of Netarts Bay. These
critical areas have played a significant role in

offering a diverse resource base for human habita-

tion and have generated impacts on the resources
and the system as a whole by this human usage

pattern. The scope of this segment of the Netarts
study, human utilization, is in many regards, a

case study of the relationship of man to his

estuarine environment. The Netarts area measures

up well for this type of examination. It has been

historically and still is a multi-purpose area
serving many biological and social functions. The

intent of this part of the inter-disciplinary

study is to do an in-depth analysis of the major

types of land and resource uses that have histori-
cally and currently shaped this human/resource

interface. The study process consists of achieve-
ment of three major objectives: Inventory of

existing historical and current resource and land

use data; identification of major types of resource

use activities that have or are changing the

resource base; and discussion of the physical pro-
cesses and probable causal factors that produce
changes in resource conditions in the Netarts
study area.

MATERIAL AND METHODS

Historic and current human use data were cate-
gorized into four types:

Residential Land Use Patterns 

Data collected during the inventory process was

quantified, when possible. In some cases, especi-

ally in regard to historical data, the data could
not be quantified for analysis, but inferences

were made on types and location of resources
utilized. Early maps from the Bureau of Land

Management Office in Portland, Oregon and deed

research at the Pioneer National Title and Trust

Company in Tillamook, Oregon provided data for

plotting land use settlement patterns for the pre-

1900 era. Subdivision plat maps, building permit
records, field survey, and aerial photos were
utilized for mapping residential development for
three time periods: 1900-1942, 1943-1955, and

1956-1975 to graphically show how the residential

pattern has expanded in the study area. The sub-
division plat sheets and residential areas on the

aerial photographs were measured with a compensa-
ting polar planimeter, along with stereoscopic

analysis of the aerial photographs to calculate

estimates of total acreages in residential land
use for each time period.

Tideland Use 

Commercial oystering had been, up to 30 years

ago, an important economic commodity for the

Netarts area. It did and may in the future, re-
present an important impact on tideland areas.

Early manuscripts in the Oregon Historical Society
Archives and a publication by the Tillamook

Pioneer Association in 1973 provided information

on early oystering activities on Netarts Bay.

This information was supplemented by an early

oyster plat map from the Oregon Division of State

Lands showing location and ownerships of early

oyster plats.

Watershed Use 

Another major data category concerned utiliza-
tion of the watershed area; logging. Personal

interviews with residents of the area, early

manuscripts, and consultation with the Crown
Zellerbach Netarts Office provided soil and

vegetation maps of the watershed. Areas of the

watershed were planimetered to determine total

acreage logged. Vegetation maps also provided

information on the age of the tree stands and
predominant species. Total acreages logged and

predominant species were categorized for six time
periods; pre-1930, 1930-1950, 1951-1960, 1961-
1965, 1966-1971, and 1972-1975. A map was drafted

showing watershed areas logged during specific

time periods.

Recreational Use 

Recreational data consisted of use of the

planimeter in recording total land area devoted

to parks and access points along the shoreline.

All data categories were mapped.

During the inventory process, it was deemed
useful to record, when discernible, changes in the

wetland areas. Total acreages and areas were

recorded as fills, basins, jetties, and areas

cleared for development. Also, historic data on
early lumber mill location, diked and grazing

areas, and early recreational camps depicted

other types of impacts along the shoreline. Areas

were measured and recorded when deemed plausible.

DESCRIPTION OF THE STUDY AREA

For the purpose of this discussion, the study

area is divided into three main physical units

based on geologic characteristics of the shore-
line, elevation, and principal vegetation types.

Although these divisions are somewhat arbitrary,
it will provide a basis for analysis of human

use and activities (see Fig_ 16). These are:

Shoreline and tidal flat areas, including the

sandspit and dune system demarcated at the highest
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elevation by the mean high tide line and including
aquatic p lant communities and the marsh areas;

Upland areas, the zone between mean high tide and

rising 80-100 feet in elevation, including the
area of marine terrace along the east shore; and the

Watershed area, the zone above 100 feet to the

crest of the watershed, i.e. the source of the 12
creeks which flow west into Netarts Bay. The area

is old landslide topography including the basalt

headland, Cape Lookout.

Historical Geology 

The land itself is a resource. Historically

and currently the geology has shaped the study

area into its present form. Approximately 25

million years ago, during the Miocene Epoch, a

small synclinal valley was formed in the Netarts

area, with subsequent erosion and deposition of

the upland. Cooper (1958) and Mangum (1967)
describes the formation of sedimentary structure
(Astoria Formation) and its location under the

entire watershed (see Fig. 2). Cape Lookout was

formed from basalt extruded from localized vul-

canism in the area. About one million years ago

to recent times (Pleistocene and Recent Epochs)
fluctuation i n sea level occurred and created the

extensive marine terrace and dune system in the

study area. Cooper (1958) describes major changes
in dune morphology in the Netarts area; the

Netarts spot being the eroded remnant of two
elongate dunes that trended northeasterly. Newman

(1959) during archeological work on the Netarts

spit discovered human habitation on sterile sand.
He noted the area is currently a marsh and tidal

flat environment, indication of a rising sea level.
The present study area is still changing. The

physical process of change are both natural and

man-caused. The integrity of the biological and

social functions of the Netarts system are depen-
dent on these changes. It is necessary to identify

the types of man-caused changes that constitute
a significant departure from the natural changes

of the system. This is not easy. It has been

noted, though, by Bella et al. (1971), that in
general, natural change is relatively slow and
man-caused changes are relatively sudden and
irreversible. One can note evidence of recent

changes in the configuration of the bay and its
associated lands. As the report develops, areas

of change will be noted and descriptions of how

the system is altered will be given when possible.

The following is a description of the identi-

fied physical units of the study area and some

processes that exhibit importance to the system.

The Shoreline and Tidal Flat Area 

This area exhibits many biological and social

functions that affect the total system. The bio-
logical and physical processes are complex and

constituted the main area of focus for the bio-

logical team during their summer of observation

and sampling. They are also the areas most affect-
ed by human activities and resource use in other

areas of the system. Dominating processes such as
tidal action, salinity levels, sedimentation rates,
water temperature changes, and associated chemical

and biological changes in water quality and ben-

thic habitat have a relationship to human activi-

ties that take place in any part of the estuarine
area. The area includes 153 acres of tidelands.

the bay channels and meanders, the sandspit ex-
tending 5.5 miles northward, 100 acres of mature

marsh along the southeast corner of the spit and

the southern part of the bay, large eelgrass beds

in the bay proper, and 64 acres of immature marsh

along the eastern edge of the sandspit and
eastern bayshore area (see Fig. 46). In addition

to the high scenic value of the sandspit, it also

exhibits unique features of dune structure and

ecology and the presence of pre-European dwelling

sites - in the central and northern sections.

Vegetation zones were observed by east-west and

lateral transects across the dune system on the

spit. There is a prominent (nearly unbroken)

fore-dune paralleling the ocean shore. Dune

troughs are interspersed on the leeward side of
the fore-dune and secondary dunes. The southern

one-third of the spit consists primarily of
Ammophila arenaria (European beach grass) and

Cystisus s'E&TIFilIT (Scotch broom) grading into
dense stands of Pinus contorta (beach pine), 8-10

feet tall. The inter-dune areas exhibited lush,
herbaceous cover, primarily Fragaria chiloensis 

(beach strawberry), Lupinus littoralis (seashore

lupine), and Castilleja littoralis (Pacific paint-

brush). There are two areas located approximately

in the middle of the spit of 	 stunted

5itka spruce forest. According to the historical

record, the forest stands became established

around 1914. Soils of shoreline and tidal-flat
area are typical of tidal flats and spit condi-

tions. Glanzman et al. (1971) and Schlicker

(1972) describe deposits as sands in old and
recent dune areas and soft, clayey silt with
abundant organic matter in tidal and marsh areas.
Settling tends to be highly differential and, in

general, the area is unsuitable for development

due to this instability.

It is interesting to note a major freshwater

aquifer exists within the substrata of the north-

ern one-half of the sandspit. This water source
was utilized during historical occupation of the

spit.

The shoreline and tidal flat area is most
susceptible to tidal action within the bay. Two

characteristics of tidal action have been des-

cribed by Burt and McAlister (1959), that pertains
to the bay; the flow ratio (ratio of freshwater
discharge to the tidal prism during a tidal

cycle) and the tidal range (height of tides from
mean lower low water to mean higher high water).

In general, the higher the volume of freshwater
into the bay, the sharper (more pronounced) the

vertical salinity gradients. The tidal ranges

provides energy to mix the salt and freshwater.

According to Burt and McAlister, due to the rela-

tive small volume of freshwater flowing into
Netarts Bay, the bay is considered well-mixed

all year round with virtually no salinity gradients.
Glanzman et al. (1971) found variation in tidal

currents in Netarts Bay: a 25% slower current

occurring near the bottom than near the water
surface. Strong horizontal velocity gradients
were also observed transporting the major portion
of the water in the deeper channels. As to be
expected, salinity measurements have a definite
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Figure 46. Physical sub-units of the Netarts study area.
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HISTORICAL AND CURRENT RESIDENTIAL

LAND USE PATTERNS

Early Settlement and Resource Utilization 

Newman (1959), during his archeological work on

the Netarts sandspit established Indian occupation

as early as 1400 AD. Even the name "Netarts" has

an Indian origin "Ne to at" meaning "near the

water." As late as the 19th Century, a pioneer of

the Tillamook area, Warren Vaughn recorded in his

journal ". . .Indians busily picking and cleaning

young shags l	. . ." The Indians' dependence on

the abundant resources of the bay area is exempli-

fied by the notations made of floral and faunal

remains identified during the investigations on

the spit. Plant and animal species presumably
utilized by the Indians are listed in the

following tables to show the variety of resources.

TABLE 47. Floral Species Identified as Food
Sources for the Indian on the Netarts

Sandspit.

Area of Spit and Species Name
	

Part Utilized

A. Tide Flats

Agrostus alba

(bent grass)

Bromus
----(Erome grass)

Carex obnupta 

---TSedge)
Potentilla anserina

(silverweec

Scirpus americanus 

(bulrush)

Triglochin maritima 

(arrowgrass)
Trisetum canescens 

(oatgrass)

B. Dunes

Abronia latifolia 
sand verbena)

Angelica hendersonii 

(angelica)
Arctostaphylos ura-ursi

(kinnikinnick)

Festuca rubra 

----Tred fescue)
Fragaria chiloensis 

(dune strawberry)

Lonicera involucrata 
(twinberry)

Lupinus littoralis 
(dune lupine)

Poa confinis 

(dune blue grass)

Solidaqo spathulata 

(goldenrod)

1
Sea cormorants

seeds

seeds

stems

roots

rootstocks

seeds

seeds

roots

roots/

young shoots

fruits

seeds

fruits

fruits

roots

seeds

seeds

relationship with the inflow of freshwater vol-
umes. In early fall, highest values were record-

ed, in early spring, the lowest values emerged.

A temperature profile of the water in Netarts

would show lowest temperatures occurring in late
winter and highest in late summer. Diurnal vari-

ation is influenced more by tidal cycles, rather

than air temperatures (Glanzman et al., 1971).

Although sedimentation data on the bay is scarce,

Glanzman's work gives some description of the

process. The sediment source areas are the

watershed, sandspit, and the ocean. Glanzman

found basaltic sands, clays, and silts originat-
ing from the watershed. Silica sands originate

from offshore processes and erosion by wind and

tide of the sandspit. Due to the general rise is

sea level, and more importantly, the level of
human activity in the upland and watershed area,

the rate of sedimentation has increased in

Netarts Bay (see also Sediments section).

The Upland Area 

This area essentially conforms to the marine

terrace that extends along the east shore of

Netarts Bay. Most areas are unstable, especially
near the ocean-facing scarp, an attractive area

for beach houses. Soils consist of poorly-

bedded sand and silt and an occasional lense of
gravel.	 In the Netarts upland area, soil slump

and instability can be observed all along the

country road that runs along the bay; especially

near the boat basin and along the Wilson Beach

subdivision. This is the major area of residen-
tial development in the study area for two basic

reasons; it contains the largest amount of

essentially flat land and is accessible to the

bay itself. It is this area that will probably

experience the most development in the years to
come (see Fig. 46).

Watershed Area 

This unit can be characterized by a somewhat
different underlying geology and a different use

Pattern from the other areas. It includes the,
twelve small creeks that drain into Netarts and

their associated drainage basins. Slopes are
excessively steep and have been virtually com-

pletely logged, except for a small area for

selectively-logged old growth timber located in

the central part of the watershed. Geology con-

sists of sedimentary deposits termed the Astoria

Formation, highly unstable and susceptible to

landsliding, as noted by the hummocky appearance

of the topography east of Cape Lookout. Dominant
vegetation types consist of Picea sitchensis 

(Sitka s p ruce), Tsuga heterophylla (Western

Hemlock), and Pseudotsuga menziesii (Douglas fir).

Alnus rubra (red alder) and dense brush com-

munities of salmonberry (Rubus spectabilis) and

thimbleberry 'Rubus parviflorous) occur on

recently-disturbed sites, the former on riparian

sites and the latter generally throughout the

entire watershea area. Logging operations have

been occurring nere since the turn of the century.

:tilization of the timber resources is currently
creating a majo r 4 moact on the Netarts system
(see r ig. 46!.
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Figure 47. An early Bureau of Land Management map depicting an
early survey and trail - 1859. (Used by permission
of the Oregon Historical Society.)
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Amelanchier florida	 fruits/
(service berryberries

Arctostaphylos columbiana	 fruits
(manzanita)

Gaultheria shallon 
(salal)

Pinus contorta 

— beach pine)
Pteridium aouilinium 

(bracken fern)
Pyrus diversifolia 

(crab-apple)

Ribes 52.
7--Igooseberry)
Rubus parviflorus 

---- (thimble berry)

Vaccinium ovatum 

(evergreen huckleberry)

fruits

cambium

rootstocks

fruit

fruits

fruits

fruits

TABLE 47. Continued.

Area of Spit and Species Name
	

Part Utilized

C. Forest (on old dunes)

from: Newman (1959)

TABLE 48. Identification of Faunal Remains from

Excavations on the Netarts Spit

Scientific Name
	

Common Name

Eumetopias	 Steller sea lion
Zalophus	 California sea lion

Enhydra	 Sea otter

Lutra	 Land otter
Phoca	 Seal
Delphinid	 Porpoise
Castor canidensis	 Beaver
Cervis	 Elk
Odocoileus	 Deer

(bird and fish bone not specifically
identified)

from: Newman (1959)

Both sources, the settler Vaughn's journal and the

Indian middens on the spit attest to the large

number of native oysters and shell fish also
eaten by the natives. The Indians occupied two

main areas of shoreline; the area now called

Wilson Beach and a village along the trough of a
dune within the spruce forest on the sandspit.

European settlement came later in the 1860's.
Just prior to this, government surveyors explored
and surveyed the Netarts area. Warren Vaughn

(1905) records that a Mr. Snowden, surveyor,
parceled the land in 1856. The Homestead Act of
1862, along with the primary resources of the

Netarts area provided incentives for settlement.

The settlers utilized Indian guides and crude
trails from Tillamook to traverse the mountainous
area. A copy of an original Bureau of Land

Management survey sheet shows the location of the

primary trails and wagon roads used by settlers

coming west from Tillamook (see Fig. 47). A ferry

service was provided by Indians and later white

settlers for traversing the mouth of Netarts Bay

and connecting with a trail that went south along
the ocean and over Cape Lookout (see Fig. 48).

Vaughn records in his journal:

". . .The first settlement at Netarts

Bay was made this fall (1863). There were

three-four claims taken up there and one

family and two or three bachelors lived

on them. Tim Goodale took the place owned

by Mr. Desmond and built the first house

(1867-8). . ."	 (Vaughn, Book III).

All areas bordering on the tideland were claimed

first; the abundance of native oysters, chum
salmon, and grazing (marsh hay) being attractive

to the settlers. It is also of interest to note

that the sandspit was settled at a very early
date (prior to 1880). There were five claims

recorded on this seemingly inhospitable area.

Table 49 lists original settlers and total

acreages of land claims. Virtually all of the

shoreline was occupied by 1903, showing dependence

on tide land resources (see also Fig. 48).

TABLE 49. Names of Early Settlers and Acreages

of Original Land Claims Along Shoreline

Name Section No. Acreage
Date Claim

Filed

Wiley 18@19(on spit) 69 1890

Grimes 18(on spit) unknown 1890

Hardman 17(on spit) 157 1891

Frier 19(spit)1 28 1862

Page 17(on spit) 163
2

1891

Hardman 8(mainland) 104 1906

McKormach 8(mainland) 137 1875

Thompson 17(tidelands) 37 1883

Leland 17(tidelands) 37 1869

Austin 20@21 158 1903

Morgan 20 150 1898

West 19 138 1903

Palmer 30 152 1897

Jackson 30(spit@mainland)

1
possibly a grazing claim

2 includes tidelands

Current Settlement Patterns 

The major time period of residential growth in

the study area was from 1956-75, which represents
47% of the total acreage in residential use (see

Table 50). The county boat facility, the opening
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TABLE 50. Residential Growth, 1900-1975

Time Period
	

Total Acreage	 % of Total

1900-1942 81.82 40

1943-1955 25.49 13

1956-1975 94.01 47

201.32

of Cape Lookout State Park, and construction of

the county road occurred just prior to this time

period and stimulated residential development

and property speculation. For example, more than

one-half of all building permits issued since

1965 were issued from 1970-75. Subdivisions were

well-established before this period and the great-

est percentage of growth during 1956 and 1975
occurred on small lots scattered throughout the

northeast part of the marine terrace and upland
area. Figure 49 shows residential growth after

1900. Although the amount of land available for

construction is not plentiful, this area is not

saturated by residential development. The area
adjacent to the eastern shore is zoned low density

residential with a minimum lot size of 20,000

square feet. The watershed area, privately-owned

by Crown Zellerbach is in a forest zone; forty

acre minimum lot size. There is the possibility

that this area could be developed into recrea-

tional property in the future, especially if the
county zoning code is changed to allow smaller

lot sizes.

Impacts of Residential Growth on the 

Resource Base

In terms of land use, residential development

in the terrace and upland area denotes impact or

potential impact in the following manner:

1) complete or partial removal of vegetation which

serves as faunal habitat and controls erosion;

2) introduction of nutrients (lawn fertilizers)

to ground and surface waters; 3) introduction of

pollutants to the estuarine system (oils, etc.);
and 4) establishment of exotic plant species

which may disrupt the natural cycle of plant

succession. As noted earlier, this upland unit

is unstable and very susceptible to landslides

and soil slumpage. Increased runoff has acceler-

ated these physical processes. Although increas-

ing the freshwater flow from this area is not a

problem because of the high saline character of
the bay water, this same water does carry sewage
effluent from spetic tank drainfields which could

pollute the bay. The Oregon Department of
Environmental Quality presently recognizes the

sewage effluent problem that now exists at

Netarts. The Environmental Protection Agency, in

conjunction with the DEQ and the Netarts Bay

Sanitary District developed alternative plans for
providing waste water treatment for the Netarts

area. After much deliberation, the EPA denied

the original alternative for locating the sewage
treatment facility on Netarts Bay with a bay

outfall and approved the alternative with the
plant located in Oceanside with an ocean outfall.

Sewage trunk lines would be extended to the town

of Netarts and the Wilson Beach area with associ-

ated pumping stations (EPA, Environmental Impact

Statement, 1974). This should alleviate much of

the current raw sewage problem since the area

serviced contains the main area of population

growth.

A very important element in considering
development of the Netarts area is the need for

local planning policy to take into consideration

preservation of the diversity of this portion of

the shoreline. For example, a large subdivision

established in the early 1960's altered Yeager

Creek and construction occurred on the hills sur-
rounding a large expanse of productive marsh

(i.e. the mouth of Yeager Creek). The area was

diked and a lake formed destroying the marsh and

removing the functions of this portion of the

shoreline. It now only serves the residents with

a lake view in the winter and a dry swamp in the
summer (see Fig. 50). Restrictions need to be

placed on development near these inlet areas and

on areas of known slope instability.

Another impact that affects the total recrea-

tional potential of Netarts is the acceleration

of change of the natural landscape by obliteration

of scenic views and the increase in mechanical

sounds which impair solitude and the feeling of

rural character. This affects not only wildlife,

but also the economic vitality of Netarts, which
is heavily dependent on different types of recre-

ation, Since speculation and development of
property is dependent on the assessed value of

the land (usually based in part on its potential

for optimum development), perhaps the value could

be based on the importance of the land and its

role,	 natural characteristics in preserving

the system and the zoning code could protect its

value by establishing standards that recognizes

its value to the total system. Piece-meal
development will not preserve the character and

thus, the value of land in the Netarts area.

The problems of erosion, sedimentation, pollu-
tion, and good design standards cannot be over-

come by haphazard development. Also, the cost

of providing utilities is much greater. Main-
tenance and preservation of natural systems are

enhanced by delimiting areas where development

problems do not exist, or are minimal and by
clustering residential and other recreational

development where the impact can be controlled.

HUMAN UTILIZATION OF THE SHORELINE

AND TIDAL FLAT AREAS

Historic Marsh and Tideland Use 

One of the incentives for early settlement

along the bayshore was the abundance of native

oysters and heavy runs of chum salmon during the
mid-19th century. In fact, two main activities;

oyster harvesting and recreation (crabbing and

clamming) have played an important role in

alteration of the area. As mentioned earlier,
homesteaders acquired land claims along the bay;

many filed for claims on the tidelands also. In

1868, Clause Christiansen harvested native
oysters from Netarts. When the weather permitted,
sloops would enter the bay to be loaded with
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oysters by the Indians for shipment to San
Francisco. Alternate shipping was by thirty mule

pack trains over the mountains. Native oysters

were so plentiful, a small shanty town sprung up

near the head of the bay (south of Whiskey Creek).

It was called Oysterville; also, an early name

for Netarts Bay was "Oyster Bay." Another pio-
neer family named Austin took up claims, culti-

vated, harvested, and marketed the oysters in the
Tillamook area.	 In the late 1800's, a cold winter

encrusted the oysters at low tide and the ebb

tide carried them out to sea. The government
restocked the area and set a limit of two acres

per person for commercial purposes (Tillamook
Memories, 1972). An extensive oyster cultivating

industry was established in the bay between 1930

and 1957, the date of the last commercial harvest

(see Figs. 51 and 52). Squire (1972) indicates

that in 1957, the Japanese Oyster drill (Ocenebra 
japonica) was accidentally introduced in the bay.

This carnivorous gastropod preys chiefly on bi-
valve mollusks. The oyster industry ceased after

1957. Tideland areas were utilized for other

purposes by the early settlers. A local canning

industry was operated by the Jackson family
around 1900, to sell to the local market. They

processed razor clams at the mouth of Jackson

Creek on the ocean beach at the foot of Cape
Lookout (Tillamook Memories, 1972). The mouths

of small creeks were productive for harvesting

salmon, before 1900, but afterward, runs were

diminished due to logging debris in Whiskey Creek

and other small streams. The marshes were

heavily utilized for grazing and for marsh hay.

Dikes were built and water gates constructed to

divert water flows so cattle could graze various

portions of the marsh (Lauren McKinley, private
interview held on March 1, 1973). Remnants of the

water gates and faint traces of dikes and fence

lines can still be observed on the mature marsh

area at the head of the bay (see Fig. 53).
Recreation was also a primary activity from 1900

on up to the present day. The settlers on the

spit had campgrounds. One of the earliest re-

creational area was Happy Camp, located just north
of the town of Netarts.

Current Recreational Use Levels 

Important events which have created the present
level of human activity along the shoreline and

tideland area was the establishment of Cape
Lookout State Park, the construction of the county
boat basin and parking area, and the construction

of the county road along the east shore of the

bay. The park was deeded to the state in 1953

from the Hill Foundation. It provides access
to the sandspit and an overnight camping spot for

those who want to clam or go crabbing. The county

boat basin and facilities located near the mouth

of the bay has provided access for fishermen,
crabbers, and clam diggers into areas previously

inaccessible. The county road was built in the

mid-fifties on a fill and parallels the east shore
of the bay. Table 51 lists the names of primary

recreational facilities and their size in acres.
Table 52 lists various types of shoreline altera-

tion and the amount of land involved in acres.
Figures 54 and 55 show the location of these
activities.

TABLE 51.	 Netarts Bay Recreational	 Facilities.

Facility Total Acreage

County Boat Facility 9.75

Cape Lookout State Park 232.00

Bayshore Park 4.92

Netarts Bay Park 7.14

Happy Camp 5.75

Public Access Areas 3.09

Observation Points 0.95

Total 263.60

TABLE 52.	 Amount of Shoreline Modified by Human

Activity,	 1950-1975.

Type of Alteration Total Area in

Acres

Fills 30.22

Basins 6.67

Jetties 2.91

Clearing for Development 26.68

Changes in Shoreline and 
Tidal Flat Conditions 

As noted earlier in the report, this sub-area

is most susceptible to tidal action within the
bay. Notable changes to this area include erosion

of the sandspit due to changes in water circula-

tion within the bay, a decrease in total bay area

and high water volume, restriction of flushing

action in marsh inlet areas, a decrease in total
tidal flat area and changes in the extent of

marsh areas along the bay.

During a study of the hydrology and flushing

characteristics of Netarts Bay, Glanzman et al.
(1971) found that between 1957 and 1969, there

was a 10% decrease in total bay area (water

holding capacity) at mean high water volume. This

fact correlates with comparisons of 1939 and

1962 aerial photos showing differences in bay
configuration. Changes in total area of mature

marsh were also observed. Planimetric measure-

ments were made of the marsh areas at the head
of the bay and along the shoreline for both time

periods. It was found that the marsh has been

prograding, or advancing over the twenty-three
year period. The decrease in water volume,
coupled with discovery of progradation of marsh

may be explained by the sequence of logging
practices and other activities that has acceler-

ated the rate of sedimentation from the upland
and watershed area. Other areas of immature marsh

were measured and compared. One area, just south
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of Whiskey Creek, showed an approximate increase

of 30% in total marsh area over the twenty-three

year time span. Other areas show little change.

Changes in the morphology of the spit head was

also noted. It was found that there was a 9%

decrease in the total area of the spit head from

1939-1962. The OSU study by Glanzman et al.(1971),

also recognizes this accelerated erosional pro-
cess. This seems to indicate that the construc-

tion of the county boat facility with associated

placement of two small jetties have caused a

re-alignment of this portion of the channel near
the east side of the spit head causing erosion.

It must be noted that the spit was breached in

the 1940's due to erosion by wind and storm.
Further, the primary and secondary dune system

has been stabilized by plantings of beach pine

and beach grass in the early 1950's. The
aerial comparisons showing the decrease in total

area probably occurred before 1950. Table 53
shows the aerial comparisons for the marsh and

spit areas.

TABLE 53. Comparison of Marsh and

1939 and 1962

Percent

Decrease or

Increase

1) Mature Marsh	 73.8A	 164 A	 +90.6 acres;

at Head of Bay	 +55%

In the meantime, planning policy should recog-

nize the diverse, complex, and highly coupled

nature of the marsh system. Planners need to

maintain these diverse marsh systems, even though

there are "unknowns" inherent in the system.

Habitat preservation is one way of protecting the

integrity of the resource base.

Impacts of the Tidal Flat Areas 

By far, the most important recreational acti-

vity on Netarts Bay is clam digging. There is a
wide variety of clam species. Two tide flat areas

receive the most impact from clam diggers; the

Happy Camp area, just north of Netarts and the

tidal flat area approximately one mile south of

the county boat facility. A detailed survey was

conducted as part of this study and the results

are contained in the questionnaire section of
this report. This mail-out survey was supple-

mented by a week of actual survey on the tide

flats (August 5-9, 1975). The results of the

field survey are noted in Table 54.

TABLE 54. Netarts Bay Tidal Flat Survey;

8/5/75 - 8/9/75

Types of

Tidal Area
	

# People	 Place of	 Clams

Utilized
	

Interviewed	 Residence	 Harvested

Year

Area
	

1939	 1962

2) Head of Spit	 224.7A	 209.7A	 -15 acres;
-9%

3) Other Marsh

Areas1 

T-1	 64

7-2	 19

T-3	 28

1-4	 4

B-1

Portland

Portland

Gapers

Gapers &

Quahogs

Cockrels

Gapers

1
areas were prograding or essentially stable   

The county road and associated fill has had a

varied effect on the shoreline and, especially
the tidal marshes. It is apparent that the

flushing action of the tides has been restricted

and the plant communities will change to more
terrestrial types due to accelerated sedimenta-

tion. Erosion along the bayshore has been an on

going process in the past. The road rip-rap

seems to have stabilized some of the terrace

face. The fill seems to have caused retreat of

some poorly established marshes or stabilized
their areal growth as evidenced by the aerial

photo comparisons noted in the above Table 53.
The progradation of the mature marsh at the

head of the bay could be due to its action as a

sediment trap; i.e. circulation being restricted
in the head of the bay. Sediments from the

watershed are washed into this constricted area;
the rate of removal being slower than the rate of
deposition. The over-all value of the marsh

areas to the Netarts system is unknown at this

time. Their value to the total system in terms
of habitat types and production of food and

shelter should be determined.

The biological impacts on the benthic inverte-
brates of Netarts is not known at this time.

Disturbance of the tidal-mud strata does destroy

habitat and could have deleterious effects on

fauna. Managers of the local recreational camps

have voiced concern towards the numbers of baby

clams dug up during the digging process. Al-

though the small clams are supposed to be part of

the bag limit, enforcement is very difficult. It

was observed that many people had more than their
legal limit of clams. Many recreation camp

owners seemed willing to close the bay to clam-

ming, especially during seasons of high levels of

clam reproduction so the clam beds can be re-
established without disturbance. Perhaps the

Fish Commission should determine when the beds

need to be rejuvenated and restrict these areas

from harvest. Closer enforcement of limits is

also necessary.

Future Use of the Netarts Tidal 

Flat Areas 

Potential development of tidelands for shellfish
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and fin fish production is a real posibility.

Eradication of the Japanese oyster drill and
establishment of Chum Salmon runs could offer
economic opportunities to the area. The Netarts

Bay Oyster Company was formed in 1971 and leases

forty-three acres of tidelands from the State of

Oregon. Ownership and tideland acreages are
shown in Table 55.

TABLE 55. Tideland Ownership, Netarts Bay

Ownership Area in Acres

1.	 State 1427

2.	 Private 84

3.	 County 2

Total 1513

from: Tidelands of Netarts 1142, 1971.

According to the Division of State Lands, Oregon
State University owns forty-one acres of tide-

land. These lands are utilized for shellfish
research purposes.

Since the state is the primary owner of the

tidelands, it will probably experience a great

amount of pressure concerning requests for tide-

land leases. At present, the state does not have

adequate guidelines for development in tidal flat
areas. Principles of tidal flat ecology must be

made sufficiently clear so any local agency can

make a decision on commercial shellfish and fin

fish enterprises. Netarts Bay is aptly suited
for tidal flat ecological research.

HUMAN USE LEVELS IN THE

WATERSHED AREA

Early Lumbering in the Netarts Watershed 

Logging of the Netarts watershed area has
occurred since the turn of the 20th century. The

predominant vegetation was Picea sitchensis 

(Sitka spruce) although alteration of the plant

communities has undoubtedly taken place even

before the advent of white settlement. Accord-
ing to historical accounts, the Nehalem Indians
burned the forest areas to drive game animals

and generate browse. Dicken (1961) mentions
that a great fire occurred which burned from
Tillamook Bay to Coos Bay, bringing death to

game animals and Indians. Between 1845 and
1902, much of the coast from the Nehalem River

to the Rogue River was burned. This account was
confirmed by the U. S. Forest Service in 1936

when forest areas were mapped and the age of

trees determined. The effect of these fires was
that erosional processes were accelerated and

the original Sitka sprcue forest was replaced
by Pseudotsuga menziesii (Douglas Fir) because

of its ability to grow rapidly in cleared areas.

Early saw mills were located along the bay; the

first located just north of Whiskey Creek. Trees

were yarded out by oxen to where they were floated

in Whiskey Creek and rafted down to the mill. The

mill owned a schooner, The FreeTrade which was

loaded with lumber and shipped out (Tillamook
Memories, 1972). Other early mills included a

water-powered mill on Whiskey Creek, which sawed

lumber for redi-cut houses or cottages for

tourist camps and later, an electric-powered mill

located where the Schooner restaurant is located.

Logs were salvaged from the sea and boxes were

built (see Fig. 51).

Impacts Related to Current Logging Practices 

The present watershed holdings were purchased
from Crown-Willamette Lumber Company in 1923 by

the Crown Zellerbach Corporation. Up to 1947,

selective logging was done, but extensive road

construction was undertaken in 1942. After

1947, clearcutting was utilized as the means of
tree-falling (interview held with Crown Zeller-

bach personnel, August 1975). The Crown Zeller-
bach field office south of Tillamook maintains an

updated map showing areas logged, the age of the
tree stands of all the coniferous and alder

stands in the watershed, and the predominant

species type. Planimetric measurements of areas

clearcut were recorded in terms of total acreas,

along with a time sequence breakdown of when the

clearcutting occurred. Table 56 shows this data.

The areas logged in the watershed were mapped

and correlated with the time periods cut (see

Fig. 55). There are essentially no "pure

stands" of old growth timber left in the water-

shed; even the old growth has been selectively

cut. Although the clearcut areas have been re-
planted, usually with Douglas Fir, the trees are

of small size and many sites have been naturally

revegetated with Tsuga heterophylla (western

hemlock). There are extensive brush fields in
cut-over areas of Gaultheria shallon (salal),

Rubus parviflorous (thimblebeT-777ind Rubus

spectabilis (Salmonberry), which are the more

common species. Visual observation shows slopes

in excess of 50% completely denuded of all vege-

tation, except for the brush communities and

some struggling conifers. In observing the pre-

vious table, one can see when the major portion

of logging occurred in the watershed area.
Approximately 25% of the watershed was cut over

between 1961 and 1965, predominantly along the

southeast part of the bay. Approximately 20%

was cut from 1966 to 1971 in the same general
area, so between 1961 and 1971, a period of ten

years, 43% of the total watershed was cut over;

the majority along the southeast part of the

bay.

Impacts Related to Logging in the 
Watershed Area 

The effects of over-logging and road construc-

tion in the watershed area are as follows:

increased silting of streams and accelerated
processes of sedimentation in the bay, obstruc-
tion of anadromous fish runs in Whiskey Creek
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TABLE 56.	 Chronology of Logging in Netarts Watershed, Total Area Logged and Current Dominant
Vegetation Type.

Time Period Dominant Vegetation Total Acreage % of Total Watershed

1)	 Pre-1930 Sitka Spruce 1864.8 17

2)	 1930-1950 Western Hemlock 1556.9 14

3)	 1951-1960 Western Hemlock 1090.5 10

4)	 1961-1965 Douglas Fir 2641.3 24

5)	 1966-1971 Douglas Fir 2146.4 19

6)	 1972-1975 Sitka Spruce 272.6 2

Unforested Uplands 1533.2 14

TOTAL	 11,106 acres
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and other tributary streams, potential of ele-
vating of water temperature due to removal of
vegetation, and destruction and/or alteration of
bird and other wildlife habitat.

Bay Sedimentation 

All parts of the Netarts estuarine system are
connected by time and space. For example, human
activities occurring in the watershed may have a
direct, or indirect effect on the biota in other
parts of the study area. Accelerated erosion in
the watershed areas have caused a corresponding
increase in sediment deposit at the mouths of
the streams and in the bay itself. It can be
arranged that it is a naturally-occurring process
in coastal areas and that the system has adapted
to this fact; and eventually, all estuarine areas
will be filled. This is probably true, especially
in the study area where soft, sedimentary strata
underlie the soil and soil slumpage and mass
movement is prevalent. A prime consideration in
this matter is the part land and resource
activity plays in erosion and subsequent bay
sedimentation. Although sediment occurs naturally,
it is a much slower process than when man's im-
pact is felt. This acceleration of natural pro-
cesses does not allow enough time for the biotic
communities to adapt to their changed environ-
ment. Unfortunately, not enough research has been
done to adequately predict what changes can be
expected by acceleration of the sedimentation
process.

Nevertheless, Netarts Bay and environs has
historically and is currently been filled with
sediment. Changes in anadromous fish habitat,
principally Chum Salmon can be directly attri-
buted to the choking of streams by logging debris
from 1920 on. In fact, the current research
effort by Oregon State University at the Whiskey
Creek Experimental Station is a response to the
demise of this once profitable resource. An
indication of a high sedimentation rate in
Netarts Bay is the constantly changing tidal
flats and meandering characteristics of the
channels. Another is the previously described
progradation of mature marsh along the bay.
Jefferson (1972) describes the tidal marsh areas
as having as its most important biological chara-
cteristic the function as a transition zone
between different habitats. It has also been
noted that intensive siltation of marshes can
prevent photosynthesis from occurring in marsh
plants and can reduce the total amount of food
energy available to the marine environment. It
also accelerates the process of estuarine plant
succession. Jefferson indicates that these
successional zones have specific tolerances for
environmental factors such as tidal scour,
salinity levels, inundation or drainage,
nutrients, and biological activities (see sedi-
mentological section).

Destruction and Alteration of Faunal Habitat 

Physical alteration of vegetative cover and
subsequent establishment of successional plant
communities in the watershed area has altered
the bird and mammal habitat. A large heron

rookery was discovered by study team members in
the watershed (see bird section). This area
should be protected and preserved if possible
(see also mammal section).

Future Use of the Watershed Area

In conversations with the Crown Zellerbach
managers, it was stated that the area would be
utilized for timber as long as it was economically
feasible to do so. If this is the case, it is
hoped that timber harvesting techniques will be
utilized to reduce the extent of soil erosion and
subsequent degradation of water quality in the
Netarts watershed. It seems, in observing the
extent of road construction in the watershed, that
the logging road layout has been quite random and
logging roads have been built over natural drain-
age channels. The latter point is evidenced by
the numerous areas where fill has been placed
because of erosion. It must be pointed out that
in the authors' opinion, many portions of the
study area should never have been logged because
of the steepness of slope and the obvious economic
cost associated with road maintenance at lower
elevations and the ecological damage to the
streams.

Pollution from logging slash can have dele-
terious effect on water quality. The EPA (1970)
indicates that complex tannin and humic-acid
solutes leached from logging slash are a preva-
lent source of chemical pollution. Also, coarse
logging slash can accelerate erosion and deposi-
tion in streams and fine organic material can
cause dissolved oxygen deficiencies. Observed
sediments on the Netarts tidal flats show a large
percentage of bark chips and other slash debris,
indicating that logging and yarding has occurred
close to watershed streams.

Probably a greater threat to the watershed and
the Netarts area is the possibility that the area
would be developed into recreational homes. With
the location of sewage trunk lines within the
Netarts-Oceanside Sanitary District, including
the town of Netarts and the Wilson Beach area, it
is conceivable that adjacent areas will experience
pressure for higher density zoning to allow
smaller lot sizes and greater parcelization of
underdeveloped upland areas. If this area or any
other area is developed for recreation, it is
hoped that sound ecological planning which
emphasizes preservation of future options for the
Netarts system will be utilized in any final
decision on how the area will develop if develop-
ment is necessary. It is highly probable that
many areas should be left undeveloped to preserve
the physical and biological resource base from
being degraded to a level in which rejuvenation
is impossible.

SUMMARY

Human utilization occurring within the Netarts
study area is, at present, not creating a condi-
tion of resource degradation that is seriously
threatening the total Netarts system. Possibly
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logging in the watershed area is the most serious

human activity on the biota of the system. What
is noteworthy is the fact that changes in shore-

line configuration, extent of tidal marsh, and

channel characteristics can be attributed to

small-scale activities associated with recrea-

tional use. The history of man's activities

within the study area show a progression of

change in the level of human activity in the

study area. This description is only partially
accomplished because of the lack of historical

maps on shoreline configuration and other physical

elements of the system. Nevertheless, as an

inventory project, one can find value in making

inferences on the level of human impact.. One

of the prime needs in estuarine research today is

the ability to predict the consequences of
various levels of activity on estuarine systems

and Netarts Bay lends itself well to this because

of the relative pristine character of the shore-
line. It is hoped that future planning decisions

made on the study area will reinforce the impli-

cit and explicit values inherent in the system by

allowing the natural estuarine processes to con-
tinue to function and preserve the diverse

character of this unique and beautiful area.
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SURVEY OF RECREATIONAL USE AND ATTITUDES TOWARD DEVELOPMENT
OF AN OREGON ESTUARY--NETARTS BAY

INTRODUCTION

Very few states have so far taken any steps

toward organizing and controlling their own

growth. Oregon is one which has, and one area
within the state which has received much atten-

tion over the planning of growth is the coastal
region. As a result of the actions of the Oregon

Coast Conservation and Development Commission

(OCC&DC), the topic of state and local planning

of growth has become a matter of both interest

and concern to many residents of this area. As

part of this coastal planning, many public

meetings have been held to elicit citizen view-

points. However, such meetings tend to attract

those who hold the strongest opinions. One of

the best ways to obtain the more complete infor-

mation which is needed to accurately assess

public opinion is to conduct a representative

sampling of citizen attitudes. It was with this

goal in mind that a questionnaire was written

and mailed to nearly one thousand households.

Unfortunately, unless the purpose and per-

spective of a set of questions is quite well

defined, the answers will have little meaning

or usefulness. As a result, this particular

questionnaire was not designed to elicit
responses to broad, general questions such as:

"Would you favor or oppose more economic
development on the coast?" Although it did ask

a few such questions concerning the Tillamook
County area, it focused mainly on one parti-

cular estuary, Netarts Bay. In particular, only

two types of questions were asked about the Bay.

The first type dealt with the recreational use

of the Bay: how often did the respondent visit

it and what recreational activities were pursued

there. The second, and more significant, set of

questions was aimed at determining attitudes

toward specific proposed changes in Netarts Bay

which would increase tourism there. For

example, did one favor or oppose expansion of a

state park or construction of a condominium. To

evaluate attitudes toward the present state of

the bay, four other questions were posed to try

to determine if respondants felt the bay was
currently over or under developed. Thus, by
providing clear, specific questions pertaining

to proposed changes in Netarts Bay, it was hoped

that the first goal of the survey could be

achieved: to gain insights into local citizen

feelings toward development in their area.

One particularly pertinent question about this
topic is whether or not local coastal residents

differ from inland Oregon residents in their
attitudes toward economic development on the
coast. It has been suggested that coast resi-
dents' primary interest lies in further economic

growth, whereas inland residents' primary con-

cern rests with preservation of the coastal
environment. But does such a difference of opin-

ion exist? The second goal of this survey was to

attempt to answer this question by sampling the
views of inland residents and comparing them

with those of Tillamook County residents.

A serious attempt was made to summarize, inter-

pret, and discuss the responses to the questions.

But because of the mass of data collected and

because an individual's own point-of-view will
lead him to his own particular conclusions, it is

hoped that the reader will find the time to read
the questions and inspect the results himself.

In this way the questionnaire will be of the

greatest value.

MATERIALS AND METHODS

The questionnaire was carried out in six
stages: 1) writing, 2) pre-testings, 3) first

mailing, 4) second mailing, 5) coding and key-

punching, and 6) analysis.

Writing 

The questionnaire was revised over ten times

following the original draft. With the help of

Robert Mason and Charles Cowan of the Survey

Research Center at Oregon State, the objectives
of the questionnaire were defined more clearly and

the length greatly reduced. The final version

was only one-half the length of the earlier
versions and but one-third that of the first

draft.

The main change accompanying this reduction in

length was a sharpening of the focus of the
questionnaire by reducing the number of topics

covered. The original version contained detailed

questions on economic conditions and resource

management policies. They were eliminated to-
gether with questions which required specific

knowledge about the Netarts area, such as those

on logging and a sewage treatment plant. With

three exceptions (#3-5) only questions dealing

with tourism and related problems, recreational

usage of Netarts or the background of the

respondent were included. As a result of this
reduction, the questionnaire fit easily onto
three pages, leaving a full fourth page for

comments.

Other suggested changes which were incorporated

included the elimination of the "Don't Know"

category from the list of possible responses in

order to encourage more thoughtful replies. The

usage section was streamlined so that those
having not visited the area could skip the de-

tailed questions about usage. And a easily
answered opening question was included.

A note should be made concerning the wording

of the marine sanctuary question (#7). Since
the way in which a marine sanctuary is described

would clearly influence one's opinion of it,

careful research was made into what such a concept

meant. No descriptions of sanctuaries were
available since none were in existence at the time
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the questionnaire was written. However, the
National Oceanic end Atmospheric Administration
of the Department of Commerce established guide-

lines concerning the concept of a marine sanctuary
in 1974 (Federal Register, 1974). The wording in

the sanctuary question was based on these guide-
lines.

The writing and revision began about July 1,
1975 and lasted until August 25, 1975.

Pre-testinq 

A grant from the Oregon State University

Sea Grant Program about August 15, 1975 made it

possible to proceed with the survey. On August

27 to August 28, the semi-final draft of the

questionnaire was pre-tested in the city of

Tillamook and the immediate area.

Using a list of addresses obtained from the

Tillamook County PUD, twenty residences were

selected for in-person distribution of the
questionnaire on August 27. However, due to

difficulty in catching people at home and due to

unfamilarity with the street lay-out of the
town, blocks were chosen at random and four to

five questionnaires were left at houses where

someone was home. A total of twenty xeroxed

copies were left on August 27. Of these, seven-
teen were completed and were picked up in-person

the next day. At the time of pick-up, each
respondent was asked if he or she had any

questions, particularly if any part was unclear.
All answered that they had had no problems.

Concurrently with this door-to-door pre-test,
copies of the questionnaire were distributed to

a number of the Tillamook County Commissioners

and other local officials. Comments about the
questionnaire were made both in person and on
copies returned by mail later.

Largely as a result of these comments, a

number of changes were made in the final version.

A "No Change" option was added to three questions

(#3-5). The question concerning occupation was
changed from a list of possibilities to a simple

fill-in-the-blank and boxes to indicate retired

or unemployed status were added. A number of

questions were clarified in some way. For
example, in question #4, explicit reference to

state government was substituted for government
in general and in #6, "additional parks" became

"Cape Lookout State Park." The introduction to
the marine sanctuary question was revised from

"It has been suggested that..." to "How would
you feel about..." in order to make the tone
more neutral. In addition, further changes in

lay-out and order were made in the final version

and two more alternative proposals added to

question #6.

First Mailing 

Following revision of the questionnaire after

the pre-test, a sample of people to receive the
survey was selected, mailing and ID labels gen-

erated, and the questionnaire envelopes and

cover-letter printed. Last of all, the letters

were machine stuffed, stamped and mailed.

The first step was to select the sample of

people who were to receive the questionnaire. A
computer printout from Spring, 1975 of the billing

addresses used by the Tillamook County People's

Utility District (PUD) was obtained. Everyone
who paid electric bills in Tillamook County was
included, which should have included virtually

everyone living in an improved dwelling. The

sample was divided into three sub-samples repre-

senting the three groups of interest: 1) Netarts-
Oceanside, 2) the remainder of Tillamook County,

and 3) outside Tillamook County. The outside

Tillamook County group consisted of all those on •
the PUD listing whose address was outside Tilla-

mook County but elsewhere in Oregon, exlcuding

other areas of the coast. These people, thus,

either owned or rented a second residence within

the county but lived elsewhere most of the year.

Different techniques were used to select those

who would receive questionnaires in each of the

groups.

First of all, everyone in the Netarts-Oceanside
group received a questionnaire. By including all

155 households in the mailing, it was hoped that

the sub sample consisting of returns from this

group would be large enough for comparison with

the other subsamples. All 303 households in the

outside group also received surveys. In con-
trast to these two complete mailings, only every

one in eleven of the remainder of Tillamook

County group (referred to hereafter as simply the

Tillamook County group) was chosen. This partial

selection resulted in a mailing of 503, which

gave a total sample size of 963.

Although the Tillamook County sampling would be
described as systematic sampling, there was no

reason to believe any pattern existed in the order

of the addresses, which were grouped by ZIP code.
Therefore, the one-in-eleven sample can rea-

sonably be considered as a simple random sample.

Using the PUD listing with the selected sample

addresses, cards were punched with one label per

card. Next, with the help of Charles Cowan, a

program was written which would cause the computer
to print chesire (ungummed) labels, each with an

identifying number. A second program printed a
series of chesire labels which contained only the

ID number.

While the labels were being created, the

questionnaire itself was printed using the photo-
copy method onto a single sheet, measuring 11" x

17". Once folded, this sheet contained four
pages, all 11" x 81/2" on which the questionnaire
appeared. (see Appendix B, for a reproduction

of the questionnaire.) In addition, a single-
page cover-letter describing the objectives and

origin of the questionnaire was printed.

To accompany these, two sets of envelopes were

printed. A larger envelope was printed with only

a return address, while the smaller one, to be
used for returning the questionnaire, had a first-

class permit stamped on it plus the mailing

address at OSU.
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The last phase was the mailing itself, which

was carried out by the Oregon State mailing

service. The address labels, sorted by ZIP code,
were affixed by machine to the larger envelope,

while simultaneously a numbered ID lable without
address was affixed to the fourth page of the

questionnaire. The cover-letter, stamped return

envelope, and questionnaire were then inserted
into the envelope whose address label matched

the questionnaire's ID. The envelope was then

stamped first class by meter. Every twentieth

or so envelope was briefly opened and then re-

sealed to make sure the ID number on the

questionnaire and address label were the same.

Since both sets of labels were numbered con-

secutively, this periodic check was sufficient
to ensure all were correct.

The reason that it was critical that the
questionnaire with a given ID number be enclosed

in the envelope whose address contained the

matching ID number related to the second mailing.

As questionnaires were returned, the ID numbers

were read from the back page of the questionnaire

and fed into the computer. In this way, a
person's name was not on the questionnaire, but

it was possible to tell who had returned the
survey. As a result, only those who had not

responded would receive a second copy of the

questionnaire during the second mailing.

The first mailing took place on September 30,

1975.

Second Mailing 

After about three weeks, the number of

questionnaires being returned had fallen off con-

siderably. To encourage people to respond, a

second copy of the questionnaire was mailed to

all those who had failed to return the first copy

by October 20. This mailing took place on
October 24.

As described in the previous section, the ID
numbers on the returned questionnaires made it

possible to mail second copies to only those who
had failed to return the first. By means of a

computer program, the list of returned ID

numbers was used to print labels only for the
non-respondents.

Inspection of the returned questionnaires from

the first mailing revealed that a mistake had

been made in the wording of question #6. The

instructions stated that a "1" should be circled
if someone strongly favored a project whereas

the captions over the possible responses indi-
cated a "1" stood for strongly oppose. In

changing the wording in the introduction from
that given in the pre-test version a contradiction
had been introduced.

To correct this problem, two steps were taken.

First, all 310 questionnaires returned on the

first mailing were examined to see if the

respondent had noted the error and had clearly

indicated the meaning of his or her response.
An acceptable clarification meant either that the

printed headings were crossed out and "favor'

written in place of "oppose" or in the instruc-

tions a similar substitution had been made. All

such questionnaires were recoded when necessary
so that a "1" stood for "oppose" on each one.

In the second step, a list of all returned

surveys which lacked such a clarification was

made. A postcard, 4" x 5 3/4", was printed with

a corrected version of question #6, together with
a cover-letter explaining the situation. The

personally signed cover-letter and the hand-

stamped return postcard were then mailed to the

240 people on the list. As the postcards re-

turned, they were stapled onto the appropriate

questionnaire, providing a complete set of

responses.

Coding and Keypunching 

For the most part, the coding of answers was

quite straight-forward - no alterations from the

responses given were necessary. A number of

changes were made before analysis. However, since
all these were anticipated during planning, the

coding was not complicated by any unforeseen pro-

blems caused by uninterpretable responses.

First of all, to encourage more valuable

answers, "Don't Know" and "No Opinion" were not

listed as possible responses, although questions
three through five did contain a "No Change"

option. In the place of these two possible

responses, record was made of whenever a question

was not answered at all. All such responses were
tabulated as a separate "No Answer" category in

the analysis and were punched as "0" (zero) on

the data cards.

Another coding common to all questions was that

for multiple or otherwise uninterpretable responses.

All such responses were marked "8," and were

excluded from the analysis. In tables, they were

counted in the number of missing observations

given.

Some coding was specific for individual

questions.	 In place of the fill-in-the-blank

responses for questions one and two, five new

categories giving ranges of years were created

(this was done by the computer). All answers to

question #6 whose meaning was unclear, because

of the contradiction in the wording in the version

first mailed, were coded "9," considered as
missing, and excluded from the analysis. They

were included in the missing observation total

given. On question #8, some failed to mark
whether or not they lived in the Netarts-Oceanside

area. An examination of the responses to question

#12, on which residence was given, was used to
fill in the correct response. Similarly, question

#8a, which asked whether or not one had visited
Netarts Bay in the past 12 months, was sometimes

unanswered. If "8b," asking how many visits had

been made to the bay, was non-zero, "8a" was
filled in as "Yes." Otherwise, it was answered

"No."

On question #12, the six responses were grouped
into three groups: 1) Netarts-Oceanside,

2) Tillamook County, and 3) outside Tillamook
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County (done by computer). The fill-in-the-
blank responses for question #13 on occupation
were read and coded into one of nine categories.
The coding procedure which was followed placed

all government workers, lawyers, doctors, etc.

into the "Professional" category; mechanics,
carpenters, mill workers, and general construction

workers into the "Craftsman" category; loggers

into the "Operator" category; housewives into the

"Other Laborer" category; and all self-employed
persons into the "Manager" category.

Although questions #9 through #11 were to be

answered only if one replied positively to
either question #8, asking if one lived in the

Netarts-Oceanside area. or to question #8a, ask-
ing if one had visited Netarts Bay in the past

12 months, some answered them nevertheless.

However, no recoding of these responses was

necessary. The computer was simply instructed

to ignore them in all calculations.

Some of these codings were marked on the

questionnaires. Others were made at the time

the responses were copied onto standard IBM
computer coding sheets. This transferral to

coding sheets was done by the keypuncher, who

then punched the responses onto IBM cards.

These cards were then fed into the computer for

analysis.

Analysis 

Responses to all questions were tabulated with

separate calculations made for each of the three

subsamples: 1) Netarts-Oceanside, 2) remainder

of Tillamook County, 3) outside of Tillamook
County. One table for each question was made to
summarize these calculations.

For each question, a chi-square (x 2 ) statistic
was calculated to determine if the responses

seemed to be independent of residence, i.e.,

were the the %'s statistically different from
locality to locality.	 In particular, a signifi-

cance level for a x2 statistic below 0.05 meant

differences existed between the subsamples.
Although an x 2 statistic indicates whether or not

the responses to a given question seem to depend
on area of residence, it gives no indication of

the strength of the dependence.

However, a contingency coefficient (Cramer's

V) does exactly this. The more the %'s differ

between subsamples, the stronger the dependence

on locality and the larger the Cramer's V, which

ranges from 0 to 1. By comparing the value of

Cramer's V on a number of questions, it is

possible to determine on which questions opinions
depended most on place of residence.

If there were only two possible responses to a

question and only two residences were being com-

pared, a phi statistic, which has similar pro-

perties to the Cramer's V, was calculated. A
continuity correction was also made to the x2
statistic. For further details see for example
Snedor and Cochran (1967) or Nie et al. (1975).

In calculation of both the x 2 and Cramer's V

the "No Answer" category was excluded. If the %'s

in the "No Answer" category were to deviate
greatly between residences, the x 2 statistic

would indicate a statistically significant differ-

ence on the question when in actuality no differ-

ence existed between the %'s expressing each

opinion. Elimination of the "No Answer" category

precluded this possibility.	 In calculation of

these statistics, all %'s were recalculated,

based on sample totals which excluded all "No

Answer" responses.

In order to carry out the second main goal of
the survey, namely to compare the responses of

Tillamook County residents to those of residents

from outside the county, a weighted sample re-

presentative of all Tillamook County was calcul-

ated. This representative sample was obtained by
combining the Netarts-Oceanside and remainder of

Tillamook County samples in such a way as to

reflect the fact that for every household in
Netarts-Oceanside, there were exactly 40.0 house-

holds in the remainder of the county (according

to the PUD listing). The weights used to form

this overall sample were chosen so this sample

consisted of 392 respondents. This sample size

was equal to the number of respondents from
Netarts-Oceanside (88) plus the number of

respondents from the remainder of Tillamook

County (304).

Two-way tables with responses for this repre-

sentative "overall" Tillamook County sample and

for the outside sample were prepared. However,
they were not included in the report. Due to the

40 to 1 weighting, inclusion of the Netarts-
Oceanside sample caused the remainder of Tillamook

County %'s to change only slightly when the re-

presentative sample was formed. For example, if

the N-0 %	 and remainder %	 differed by 10%,

the representative % would differ from that given
in the tables under "Tillamook County" by only

0.25%. Since the maximum difference between the
N-0% and remainder of Tillamook County % was 20%,

the maximum difference between the table % and the

"overall" % was only 0.5%.

For this reason, it was considered unnecessary

to present separate tables to compare the "over-

all" Tillamook County responses to those from the

outside group. The reader should simply inter-
pret the "Tillamook County" line as giving the

"overall" Tillamook County %'s. In this way, two
comparisons of interest can be made from one
table: 1) Netarts-Oceanside vs. remainder of
Tillamook County, and 2) all of Tillamook County

vs. outside the county.

However, x 2 and Cramer's V statistics from

these excluded tables are presented below the

appropriate 3-way table to compare the "overall"

Tillamook County sample to the outside sample.

As before, the "No Answer" category was ex-

cluded in their calculation.

To aid in interpretation, the responses to

questions #6 and #7 were condensed into "oppose,"
"neutral," and "favor" categories, with new x2
and Cramer's V statistics calculated to accompany

these tables. To determine if one's opinion
toward the marine sanctuary idea affected one's
attitude toward the five development projects,
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tables were made erich broke down project re-

sponses on the basis of whether or not one favor-

ed or opposed the sanctuary. These tables were
made using an aggregated sample of the weighted

Tillamook County responses plus the outside

responses. x' and Cramer's V statistics were
calculated for each of these tables.

All of these analyses were carried out using

a set of statistical programs called the

Statistical Package for the Social Sciences
(SPSS), using Oregon State University's CDC

Cyber 73 computer.

RESULTS AND DISCUSSION

Overview 

Tillamook County to outside the county.

Under each table in Appendix B, 	 the first

set of statistics are given on the line

labeled "For NO-Till-Outside Table," the
second set on the line labeled "For Till-

Outside Table."
However, %'s for the weighted sample are

not included in additional tables because
the inclusion of Netarts-Oceanside changes

the %'s by at most 0.5% and typically by

only 0.2%. Thus, for purposes of com-

paring "overall" Tillamook County to out-
side, the "other" Tillamook County %'s can

be used (as presented in the tables).

(Please refer to the analysis portion of
"Materials and Methods" for further

details.)

Response Rate 

The results appear in two distinct parts of

this report. First, tables appear throughout

this discussion section, which summarize both

the responses on nearly all the questions and

the results of the analysis (Tables 57 to 63).

Second, Appendix A contains detailed response

tables for all the questions (Tables 64 to 84).

Appendix B contains a copy of the questionnaire,
the cover letters for the first and second

mailing, plus a copy of the postcard and its
cover letter.

The discussion itself is divided into four

sections: 1) res ponse rate, 2) description of

Netarts-Oceanside and Tillamook County (remainder

of) responses, 3) comparison of Tillamook

County (weighted) to outside the county responses,

and 4) correlation between sanctuary and develop-
ment project questions.

Special Notes 

The analysis and tabulation procedures which

were used are described in detail in the analysis

part of the "Materials and Methods" section.

However, the following points should be empha-

sized:

1. In calculation of the x 2 and Cramer's V

statistics, the "No Answer" and "Invalid

Response" categories were excluded.

2. The missing observation total includes
only invalid responses and, in the case of

question .6, all unusable responses from

the first mailing.

3. The Tillamook County group in the tables

represents a sample of people in the

county excluding Netarts-Oceanside.

4. An "overall" Tillamook County sample was

composed by weighting the Netarts-Ocean-
side and "other" Tillamook County re-

sponses.	 and Cramer's V statistics
were calculated twice; once to compare

simultaneously Netarts-Oceanside, "other"

Tillamook County and outside the county,

and once to compare weighted or "overall"

Of the 963 households receiving a question-

naire, 553 usable returns were obtained (see

Table 85). When adjustment was made for the 22

questionnaires returned to sender, the result was

a response rate of over 58%. The rates from the

three subsamples were all similar, with outside

the county lowest at 53%, Tillamook County ex-

clusive of Netarts-Oceanside highest at 60%.

These high %'s help ensure a high reliability

for the results and mean they should be repre-

sentative of the views of the groups sampled.

However, before generalizing to other areas of

the coast, attention should be paid to the demo-
graphic features which characterize Tillamook

County.

Description of Netarts-Oceanside and 

Tillamook County Responses 

In sampling people from the Netarts-Oceanside
area and from the remainder of Tillamook County,

it was hoped that information could be obtained

on two topics: 1) the types and levels of recrea-
tional usage of Netarts Bay, and 2) the feelings

of local citizens toward development in the area,

as reflected primarily by responses to specific

questions about Netarts Bay. Accordingly, the

responses for these two groups are discussed in

three sections: 1) recreational usage, 2) atti-

tudes toward development, and 3) demographic

characteristics.

Rather than repeatedly refer in this section

to "Tillamook County exclusive of Netarts-
Oceanside," reference will be made simply to
"Tillamook County." Note, however, that Netarts-

Oceanside residents are excluded from this group.

(But, of course, their responses are discussed

concurrently.)

Recreational Usage 

To estimate recreational usage of Netarts Bay,

a number of questions were asked: 1) Had Netarts

Bay been visited in the past 12 months (#8a),
2) If yes, how many times (#8b), 3) Which, if any,
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of the six listed activities had been pursued

during these visits (#9), and 4) Which of these
activities had been engaged in most frequently
(#10)? Because Netarts-Oceanside residents live

so close to the bay, they were instructed to

skip the two visitation questions.

A high % of Tillamook County respondents in-
dicated they had visited the bay--67% (see Table

57). Since people who had visited the bay were

probably more likely to return the questionnaire,

the true % was probably less. However, only 219

of the 505 households in the Tillamook County

sample failed to return questionnaires. Assuming

that 80% of this group failed to visit the bay
(compared to only 27% among returnees), the

estimated visitation % would still be over 48%.

Thus, Netarts Bay seems to be a popular recrea-

tional area among Tillamook County residents.

Tillamook County respondents showed a wide

range in the frequency with which they visited

Netarts Bay (see Table 76). However, the pre-
dominant group were those who had visited it

three to five times during the previous 12

months.

In both groups, no one recreational activity

seemed to be most popular (see Table 57). In
terms of both the % indicating participation in

an activity and the % indicating an activity as

having been most frequently pursued (the "main"

activity), picnicking, crabbing, clamming, and

the "other activity" categories ranked about the

same. Among Netarts-Oceanside residents parti-

cipation levels were 50-60%, among Tillamook

County residents 25%.

The high ranking of the "other category,"

comprised of such pursuits as sight-seeing,
hiking, and bird-watching, shows the importance

of "passive" recreational activities as opposed
to the more "active" pursuits such as fishing,
clamming, etc. The low % of Tillamook County

residents having fished at Netarts (only 13.5%)
may be due to the nearby abundant fishing waters

of Tillamook Bay and its tributaries (Wilson,

Maimi, Kilchis Rivers).

Attitudes Toward Development 

The main body of questions were asked in an

attempt to assess the attitudes of local citizens

toward development in their area. One group of
questions concerned specific projects or pro-

posals for Netarts Bay (#6 and #7). Each proposal

shared the common trait that it would affect the
level of tourism and resource use at Netarts Bay.
A second set of questions was posed to gauge

whether citizens felt the bay was currently over

or under developed and used (#11). 	 In addition,

this second set was asked with the purpose of

obtaining information on resident attitudes toward

resource use and problems associated with resource
degradation, which would be important considera-

tions for any resource planning in the Netarts

Bay area. Last of all, a third set of more

general questions addressed the topics of land-

use planning, government control of development,
and resource use in Tillamook County (#3, # 4, #5).

Projects

Table 58 summarizes the responses to questions

#6 and #7 on the proposed projects for Netarts

Bay, including that of making it a marine sanc-

tuary.

Netarts-Oceanside residents opposed all five of
the projects proposed in #6, but the most opposi-
tion was voiced toward the idea of a condominium,

with 84% in opposition and but 11% in favor.

With the exception of the park proposal, all %'s
in opposition were statistically significantly

greater than the %'s in favor. On expansion of
Cape Lookout State Park, Netarts-Oceanside resi-

dents seemed to be split, with 35% in strong

opposition and 26% in strong support (see Table

70).

Tillamook County residents also voiced strong

opposition to the condominium proposal, with but

16% in favor to 71% in opposition. However,

opinion seemed much more divided toward the other
four projects. On two of them, more people were

in favor than in opposition, while on the other

two, more were opposed. On none of the four did

either opinion receive a clear majority. The

expansion of Cape Lookout State Park was most
popular with 49% in support, but the least

popular project, that of new motels and
restaurants, still received the support of 35%.

The difference between the % in favor and the %

in opposition was significant on these two pro-

jects, but not on the other two.

However, opinion in both groups clearly favored
the idea that Netarts Bay be made a marine sanc-

tuary. In Netarts-Oceanside the %'s were 54 to
34 in support, in Tillamook County 57 to 40.

However, as a later section of this discussion

will point out, many in favor of making the bay
a sanctuary, also favored one of the five develop-

ment projects.

Current Problems

Table 59 summarizes attitudes toward the cur-
rent level of development and resource use at

Netarts Bay. Among Tillamook County residents,
only the views of those who had visited the bay in

the past 12 months were considered. Of course,

all Netarts-Oceanside responses were included.

Among Netarts-Oceanside residents, depletion

of crabs and clams by users was clearly their

primary concern. 69% felt that this was a pro-

blem. This concern was also voiced during on-
site interviewing at the bay during the summer

of '75. 46% also felt that there were too many

tourists.

In contrast, Tillamook County residents were

more divided in their responses. More respondents

(49%) did consider depletion of crabs and clams

a problem than any of the other three suggestions.
However, among these three, the % of respondents

who considered lack of access points and lack of
parking to be problems was about the same as the

% who felt that too many tourists was a problem
(about 35%). Thus, although residents seemed
concerned about depletion, a significant number
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TABLE 57. Summery of Netarts Bay Usage Levels.

Recreational

Activity Netarts-Oceanside

% Having Taken Part During Previous Year

Tillamook County	 Outside County

Picnicking 61.4 29.3 29.2

Fishing 50.0 13.5 19.3

Crabbing 59.1 23.0 31.1

Clamming 60.2 26.0 27.3

Hunting 9.1 3.6 2.5

Other 36.4 24.0 19.9

%'s Visiting Bay in Past 12 Months:	 Tillamook - 67.0% ; Outside - 67.1%.

Note: Above %'s calculated using all 553 returns.

TABLE 58. Condensed Responses for Proposed Projects and Sanctuary for Netarts Bay (Questions #6
and #7).

Proposal

Netarts-Oceanside

Opp	 Neutral	 Fav

Tillamook County

Opp	 Neutral	 Fav

Outside County

Opp	 Neutral	 Fav

Statistics:	 Tillamook

vs. Outside

x 2	Cramer's	 Rank

V	 of V

Docks and
Marinas 63 7 27 42 20 35 39 22 31 .7 .04 4

Expansion

of Park 43 15 39 33 15 49 25 26 44 8.3* .14 1

Boat Ramps 51 21 27 37 18 42 31 18 45 1.1 .05 3

Motels-

Restaurants 55 10 33 47 15 35 54 16 24 4.8 .10 2

Condominium 84 6 11 71 10 16 71 9 14 .5 .03 5

Sanctuary 34 0 54 40 3 57 35 8 57 .3 .03 6

Opp = Oppose ; Fav = Favor

Note: 1) For Docks to Condominium, responses "1," "2," "3" make up oppose category, "4" neutral,
and "5," "6," "7" favor.

For Sanctuary, "1," "2" make up oppose, "3," "4" favor. The neutral category equals all
who did not answer.

2) DF for x 2 : Docks to Condominium - 2 Df

Sanctuary - 1 DF

3) Percentages may not equal 100 due to exclusion of "no answer" category.

4) See Tables 13 to 17 for further details.

Significance: ** = .01
* = .05
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voiced a desire for developments (e.g. access

points, parking lots) which would put increased

pressure on the bay's resources.

General Topics 

When asked directly about their opinions on
development and resource use, local citizens

tended to respond in fairly clear-cut patterns

(see Table 60). Although a majority of both
groups felt no change was needed in the bag

limits for crabs and clams in Tillamook County,

virtually no one favored an increase, while 43%

of Netarts-Oceanside and 28% of Tillamook County
wanted a decrease.

Opinion toward state government control of

economic development in the county was sur-
prisingly divided in both groups. Most numerous

were those desiring a decrease (39 and 44%), but
a significant number expressed satisfaction with

the current level of control (30 and 33%).

However, opinion on the next question was clear:

overwhelming majorities (both over 70%) favored

an increase in the amount of local participation
in land-use planning.

Demographic Characteristics 

In order to place the results into perspective,

a number of demographic questions were asked of

each respondent. Among these were questions about
age, sex, occupation and whether or not the

respondent was either retired or unemployed. In

addition, two questions inquired as to the number
of years lived in Oregon and as to how long a
residence had been owned or rented in Tillamook

County. Table 61 contains a summary of the pre-

dominant demographic characteristics of the

respondents. Only the most frequent responses
are included. For complete results regarding

these questions, see Tables 64, 65, 81, 82, 83
and 84 in Appendix A.

First of all, note the predominance of older

people in both the Netarts-Oceanside and Tilla-
mook samples. As Table 61 indicates, the pre-

dominant category was that made up of those over

65 years of age and referral to Table 84 indi-
cates that over one-half of the respondents in

both groups were over 55 years old. They were

also predominantly male. The most frequent

single occupation category was current or past

employment in the professional field, which in-

cluded teachers, doctors, lawyers, government

workers, etc.

Both groups showed very high %'s of retired

people. Approximately 40% of the Netarts-Ocean-

side respondents and 35% of Tillamook County were
retired. Unemployment rates were higher than for

the rest of the state, but probably typical of
coastal areas (15.1% for Netarts-Oceanside and

10.0% for Tillamook County).

Regarding the length of residence questions,

the majority of the respondents from both groups
had lived in Oregon over twenty years (see Tables
61, 64, and 65). A majority of both groups were

clustered in the 3-10 year category for length of

residence in Tillamook County. The primary

difference observed between the groups was that

Netarts-Oceanside had a slightly higher % of new-

comers (0-2 years in the county).

Thus, the typical respondent from either of

these groups would be an older male, possibly
retired who had lived in Tillamook County from

three to ten years. He would be employed in a

profession (or would have been at the time of

retirement). If from Netarts-Oceanside, he proba-

bly has not lived there as long as someone from

elsewhere in the county and has a greater likeli-

hood of being retired.

Comparison of Tillamook County to

outside the County Responses 

The second goal of the survey was to find out
whether or not inland Oregon residents differed

from local coastal residents in their attitudes

toward economic development on the coast. Com-

parison of the "overall" Tillamook sample to the

outside sample revealed a remarkable similarity

in views. As the x 2 statistics in Table 62 re-

veal, on only two of the thirteen opinion type

questions were there significant differences. On

most the similarities in %'s were striking.

The responses are compared in the same order

as they were described in the preceding section:

1) recreational usage, 2) attitudes toward develop-
ment, and 3) demographic characteristics. How-

ever, in contrast to the preceding section,
emphasis is placed on comparison rather than on
description.

Throughout this section, the "overall" or

weighted Tillamook County group will be referred

to as simply the Tillamook County group. How-

ever, in contrast to the previous section, this
group includes the views of Netarts-Oceanside

residents.

Recreational Usage 

The levels and types of usage were very
similar between the two groups. In each, 67% had

visited the bay in the preceding 12 months, al-

though outside residents were more likely to have
visited it only 1-2 times (see Tables 59, 75, 76).
Among the I's which had taken part in each of the

six activities, no statistically significant

differences were found. However, the results do

suggest that more outside residents had crabbed
and fished, while Tillamook residents were a little

more likely to have taken part in activities in
the "other" category, such as sightseeing, or not

to have participated in any activities. In con-
trast to Tillamook County residents, who failed to
favor one activity as their "main" one, outside

residents clearly favored crabbing (see Table 78).

Of course, because of the way it was selected,
the outside sample in no way reflects the usage

of Netarts Bay by all inland Oregon residents.
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TABLE 59. Percentages Indicating Problem Currently Exists at Netarts Bay.

% Indicating Problem Exists
Suggested Problem	

Netarts-Oceanside 	 Tillamook County	 Outside County

Depletion of Crabs & Clams
	

68.7
	

48.1
	

53.6

Not Enough Parking
	

32.5
	

33.3
	

22.5

Too Many Tourists
	

45.8
	

36.3
	

42.0

Not Enough Access Points
	

36.1
	

38.9
	

34.8

Sample Sizes: NO = 83 ; Tillamook = 213 ; Outside = 112

Note: These %'s are based on above sample sizes, which exclude those who chose not to answer the

question or who were instructed to skip it because they had not visited Netarts Bay during
the previous 12 months.

TABLE 60. Summary of Changes Favored on Topics Presented in Questions #3 - #5.

% Decrease
	

% Increase	 % No Change

=3: Bag Limits for Crabs and Clams

Netarts-Oceanside	 43	 0	 52

Tillamook County	 28	 3	 65

Outside County	 29	 1	 67

= 2.34

=4: Amount of State Government Control
of Development

Netarts-Oceanside	 39	 27	 30

Tillamook County	 44	 16	 33

Outside County	 32	 22	 36

= 7.23*

=E.: Amount of Local Participation in
Planning

Netarts-Oceanside	 9	 74	 11

Tillamook County	 7	 70	 18

Outside County	 8	 70	 16

- = .27

Note: 1) x 2 statistics to compare Tillamook County to Outside County (DF = 2).

2) % do not total to 100 because "no answer" category not included.

3) See Tables 10 to 12 for complete results.

Significance: ** = .01
*	 .05
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TABLE 61.	 Summary of Predominant Demographic Characteristics of Respondents.

Category and Its % of Total

Characteristic	 Netarts-Oceanside	 Tillamook County Outside County

Cramer's

V Rank

0 Years in Oregon	 Over 20	 70	 Over 20	 81 Over 20 82 .181 3

# Years in Tillamook 	 3-10	 33	 3-10	 38 3-10 57 .196 2

Occupation	 Profes-	 Profes-

sional	 38	 sional	 24

Profes-

sional 28 .105 4

Sex	 Male	 72	 Male	 85 Male 81 .051 5

Age	 Over 65	 35	 Over 65	 30 45-54 40 .275 1

Notes:	 1)	 Cramer's V calculated for Tillamook County vs. Outside.

2)	 See Tables 8, 9, 25,	 26,	 and 28 for complete results.
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Attitudes Toward Development 

Among the 13 questions concerning this topic,

significant differences in opinion between the

groups were found on only two: the one on state
control of economic development and the one on
whether not enough parking was a problem at

Netarts Bay.

As Table 58 shows, there was virtual agreement

on all the projects presented in question #6.

When the responses were condensed, as in this

table, there appeared to be a significant differ-

ence regarding the expansion of Cape Lookout State
Park. However, this significance was caused

largely by more outside residents being neutral.
Although not statistically significant, it did

seem that Tillamook County residents were more in

favor of new motels and restaurants (35% in favor
to 24%). Otherwise, the %'s in favor differed

between the two groups on the other four projects
by at most 5%.

On question #11 dealing with possible current

problems at Netarts Bay, the only significant

difference was that more Tillamook County resi-

dents felt more parking was needed. In both

groups, the highest % rated the depletion of crabs

and clams a problem. However, on the whole, out-

side residents seemed more concerned about over-

development and over-use since the problem they

cited second most frequently was that of too many

tourists. In contrast, Tillamook residents were

equally concerned with the lack of parking and
access points, the correction of which would lead

to greater use of the bay.

On the general questions (#3, #4, #5), one
clear difference emerged: Tillamook County and

outside residents disagreed on the amount of con-

trol the state government should exert over
commercial development in Tillamook County (see

Table 57). Both groups showed similar and
significant levels of satisfaction with the pre-

sent level of control: 33% in Tillamook County
favoring no change, 36% from outside the county.

However, outside residents were fairly divided

concerning an increase or decrease, while, in

contrast, over twice as many county residents

favored a decrease as an increase.

In attitudes toward changes in bag limits and

the amount of local participation in land-use

planning, the two groups appear to have been

stamped from the same mold. The maximum differ-
ence was 2%.

Demographic Characteristics 

In terms of occupation, sex, and % unemploy-
ment, the two groups showed no differences (see
Tables 81, 82, 83). Significant differences did

exist on the length of residence questions (#1
and .4 2), with fewer outside residents having

lived in Oregon less than 10 years and more
Tillamook residents having lived in the county

more than 20 years (see Tables 64 and 65).

The most important differences between the two
groups were on the %'s retired and, in particular,

the %'s in each age category. Both contained

high %'s of retired people. But whereas the out-

side group's was 21%, Tillamook County's was nearly

35% (see Table 82). Tillamook County, although

containing a preponderance of people over 55,

also had over 15% in the under 35 category. In

contrast, the dominant category in the outside
group was that of the 45-54 year olds, which made

up nearly 40% of the total, while only 5% were

under 35.

These two differences reflect the fact that in

order to be part of the outside sample, one pro-
bably needed to own or rent a second residence in

Tillamook County. This requirement meant that

this group most likely contained a large % of

people whose incomes were larger than average.

Such income levels are characteristic of people
at the peak of their careers, which tends to

occur between the ages of 45 and 55. Hence, it is

not surprising that the greatest number of people
in the outside group were in the 45-54 year old

category.

In summary, particular attention should be paid

to the unique demographic characteristics of the

outside group. The selection procedure and the

age and occupation traits suggest that this group
consisted of people older, wealthier, and proba-

bly more educated than the typical resident of

inland Oregon.

Correlation Between Sanctuary and 

Project Questions 

A clear majority, 57%, of both Tillamook

County and outside the county respondents favored

the idea of designating Netarts Bay a marine

sanctuary. Although a detailed description of a

marine sanctuary was given in the introduction to
question #7, there was question as to whether or

not respondents would clearly understand the idea.

To try to confirm or deny this suspicion, an
aggregated sample of the weighted Tillamook and

outside groups was formed. Respondents were
divided into two groups--those favoring the

sanctuary and those opposing it. Then, for each

of the five development projects proposed in
question #6, the %'s opposed, neutral, and in
favor of each was calculated separately for each

sanctuary group. A x 2 statistic was then cal-
culated to determine if there existed a rela-

tionship between the respondent's attitude toward

the sanctuary and his attitude toward the five

development projects (see Table 63).

There was only one significant difference
between the sanctuary groups. More in the anti-

sanctuary group favored new motels and restaurants
than in the pro-sanctuary group. However, this
was the one proposal which would affect resource

use of the bay the least.

With regard to more docks and marinas and more

boat ramps, %'s in favor were only slightly lower

among those favoring the sanctuary than among
those opposing it. In fact, more among those in

the pro-sanctuary group backed the expansion of
the state park than did in the anti-sanctuary

group.
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TABLE 62. x 2 (Chi Square) Statistics to Compare Responses by Residence for All Questions.

Question

Title X
2

Netarts-Oceanside vs.

Tillamook County vs.

Outside County

Degrees
of

Freedom Significance X
2

Tillamook County vs.

Outside County

Degrees

of
Freedom	 Significance

1 Years in Oregon 26.5 10 ** 18.1 5 * *

2 Years in Tillamook County 26.3 10 * * 21.3 5 * *

3 Bag Limits 11.8 4 2.3 2

4 Control of Development 9.9 4 7.2 2 *

5 Participation in Planning 2.2 4 .3 2

6a Docks and Marinas 21.3 12 * 5.6 6

6b Expansion of Park 19.8 12 11.8 6

6c Boat Ramps 24.8 12 * 9.0 6

6d Motels & Restaurants '	 24.8 12 * 11.7 6

6e Condominium 8.9 12 5.2 6

7 Sanctuary 4.4 6 1.6 3

8a If Visited Bay -1 .01 1

8b Number of Visits _1 15.4 4 *A-

9-1 Picnicking 33.8 2 * * .001 1

9-2 Fishing 55.3 2 * * 2.24 1

9-3 Crabbing 41.4 2 * * 3.21 1

9-4 Clamming 39.0 2 * * .02 1

9-5 Hunting 6.72 2 * .19 1

9-6 Other 8.50 2 * .93 1

9-7 No Activity 5.67 2 1.09 1

10 Main Activity 24.3 12 * 4.30 6

11-1 Depletion of Crabs & Clams 5.7 2 .3 1

11-2 Not Enough Parking 4.6 2 4.3 1 *

11-3 Too Many Tourists 2.6 2 .3 1

11-4 Not Enough Access Points .8 2 .1 1

13a Unemployment 4.5 2 2.1 1

13b Retired 12.1 2 * * 9.1 1 * *

13 Occupation 12.6 16 5.7 8

14 Sex 8.1 2 * * 1.1 1

15 Age 54.7 10 * * 41.6 5 * *

Significance: ** = .01 ; * = .05 ; - = Not significant

1 Netarts-Oceanside residents were not asked these questions.

205



TABLE 63. Comparison of Attitudes Toward Development Projects (in #6) By Attitude Toward

Sanctuary.

Attitude Toward
	

Attitude Toward Project

Sanctuary	
% Oppose	 % Neutral	 % Favor
	 Project

Oppose

Favor

X2 = 6.7*

46

43

15

25

39

32

Docks

Cramer's V =	 .124

Oppose 37 16 46
Expansion of State Park

Favor

x 2 = 3.6

29 21 50

Cramer's V =	 .091

Oppose 39 15 46

Boat Ramps
Favor

x 2 	2.6

37 21 42

Cramer's V = .078

Oppose 46 12 42
Motels and Restaurants

Favor 55 18 27

X2 = 11.5**

Cramer's V =	 .162

Oppose 68 12 20
Condominium

Favor 78 9 13

x 2 = 5.8

Cramer's V = .115

Notes: 1) %'s based on combination of Outside sample and weight of Tillamook County sample.

2) Weighting gave total sample sizes of 433 to 438.

3) All those not responding to either question excluded from %'s.

Significance: ** = .01	 DF for x 2 's = 2
* = .05
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Thus, there seemed to be little correlation
between how people felt about the projects and
how they felt about the sanctuary idea. Since

each of the projects would increase use of the
bay, while designation as a marine sanctuary

would tend to lend to its preservation in its

natural state, a contradiction seems to exist.
One of two explanations is possible: either

people failed to realize that such a contradic-

tion existed, or they failed to appreciate the

extent to which designation as marine sanctuary
would limit use of the bay.

CONCLUSIONS

Netarts Bay is a Popular Recreational 

Area with Tillamook County Residents, 
But No One Activity 

is Favored There 

Excluding Netarts-Oceanside, 67% of Tillamook

County respondants replied that they had visited

Netarts Bay in the past 12 months. Even after

correcting for the fact that those who visited

would have been more likely to have returned the
questionnaire, the visitation rate still remained

at about 50%.

Crabbing, clamming, picnicking, and activities
such as sight-seeing and hiking were equally

popular.

Tillamook County Residents are Concerned 

with the Conservation of Natural 
Resources and are Ambivalent in 
Their Attitudes Toward Further 

Tourism-Related Developments 

On the one hand, Tillamook County residents

were divided in their attitudes toward five

development projects suggested for Netarts Bay,

with only one exception. Further, as many

residents rated lack of parking and access points
as problems at Netarts Bay, as did indicate that
too many tourists was a problem there.

However, on the other hand, they rated the de-

pletion of crabs and clams at Netarts Bay as its

primary problem. Whereas 20% favored a
decrease in the bag limits for crabs and clams

in Tillamook County, only 3% favored an increase.
In contrast to their ambivalence on the other

four development projects, an overwhelming

majority (71%) opposed a condominium at Netarts

Bay. Further, more county residents supported

the idea of a marine sanctuary at Netarts Bay

than favored any of the five development projects.

As commented on several questionnaires,

Tillamook County residents do not want another

"Lincoln City" or "Seaside" level of development.

Rather, as the high %'s of favorable responses
on the park expansion and marine sanctuary con-

cepts indicate, they seem inclined toward low

intensity tourist-related developments.

Tillamook County Residents and Those From 

Areas in Oregon Outside the County 
are Remarkably Similar in Their 

Concern for Conservation of Natural 

Resources and in Their Divided 

Opinion Toward Further Development 

Of the 13 attitude questions, all relating to
tourism-related development or resource use, on

only two did the two groups significantly dis-

agree. One such disagreement was as to whether
or not there was a need for additional parking at

Netarts Bay. The second, and more important

difference observed, was that Tillamook County
residents felt more strongly that state control

of local economic development should be reduced.

Otherwise, nearly complete agreement was seen.
Both ranked the depletion of crabs and clams at

Netarts Bay the primary problem there. They were

also in agreement regarding two of the other three
problems mentioned as possibly existing at the

Bay. Similarly, nearly identical attitudes were

expressed toward the five development projects

suggested for the Bay. For example, 71% of both

groups opposed the idea of a condominium.

Typifying the similarity of the two group's

views and their mutual concern for the conserva-

tion of natural resources was the fact that

exactly 57% in each group favored the idea of

making Netarts Bay a marine sanctuary.

Both Tillamook County and the Group Sampled 

From Outside the County Have Distinct 

Demographic Characteristics Which 

Should be Considered in Any 
Generalization of the

Survey Results 

Tillamook County contains a high % of people

both over 55 years of age and retired. The

sample representing citizens from areas of Oregon.

outside the coast was chosen in a manner such

that a higher than expected % of later middle age,

upper income people was included.
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APPENDIX A

Responses to All Questions

Sample Sizes and Return Rates
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TABLE 64. Number of Years Lived in Oregon (Question #1).

Residence

Under	 1 to 2	 3 to 10	 11 to 20	 21 to 50	 Over 50	 Row

1 Year	 Years	 Years	 Years	 Years	 Years	 Total

Netarts-Oceanside	 1	 3	 13	 9	 35	 27	 88

Row %	 1.1	 3.4	 14.8	 10.2	 39.8	 20.7	 100.0

Tillamook County	 4	 7	 27	 19	 131	 116	 304

Row %	 1.3	 2.3	 8.9	 6.3	 43.1	 38.2	 100.0

Outside Till	 County	 2	 0	 3	 12	 92	 52	 161

Row %	 1.2	 0	 1.9	 7.5	 57.1	 32.3	 100.0

Column	 7	 10	 43	 40	 258	 195	 553

Total	 1.3	 1.8	 7.8	 7.2	 46.7	 35.3	 100.0

For No-Till-Outside Table:	 x 2 = 26.51	 DF =	 10	 S =	 .003**	 Cramer's V =	 .154

For Till-Outside Table: x 2	18.09	 DF = 5	 S = .003**	 Cramer's V = .181

Note on Reading Tables: The top number in each pair represents the number of people in the category

listed at the top of the column. The lower number is the percentage of all those in the given

area of residence who were in this category. Thus, the	 1 seen in the upper left hand

'1.1'
corner of this table means that 1 person from Netarts-Oceanside was in the "under 1 year"

category and that this 1 person made up 1.1% of the total of 88 people from Netarts-Oceanside.

Similarly, the ( 4 1 directly below it, means 4 people from Tillamook County were in this

'1.3'

category and they represented 1.3% of the total of 304 in Tillamook County.

For an explanation of the meaning of x 2 and Cramer's V statistics, see the entry entitled

"Special Note" in the Discussion section and the analysis parts of the Materials and Methods

section.

Residence

Under	 1 to 2	 3 to 10	 11 to 20	 21 to 50	 Over 50	 Row

1 Year	 Years	 Years	 Years	 Years	 Years	 Total

Netarts-Oceanside	 0	 11	 29	 22	 24	 2	 88

Row %	 0	 12.5	 33.0	 25.0	 27.3	 2.3	 100.0

Tillamook County	 2	 24	 114	 70	 83	 11	 304

Row %	 .7	 7.9	 37.5	 23.0	 27.3	 3.6	 100.0

Outside Till	 County	 2	 10	 91	 33	 23	 2	 161

Row %	 1.2	 6.2	 56.5	 20.5	 14.3	 1.2	 100.0

Column	 4	 45	 234	 125	 130	 15	 553

Total	 .7	 8.1	 42.3	 22.6	 23.5	 2.7	 100.0

For No-Till-Outside Table:	 x 2	26.28	 OF =	 10	 S =	 .003**	 Cramer's V =	 .154

For Till-Outside Table:	 x2	 21.30	 DF =	 5	 S =	 .001**	 Cramer's	 V =	 .196
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TABLE 66. Change favored in Bag Limits for Crabs and Clams in Tillamook County (Question #3).

Residence Decrease Increase No Change No Answer Row Total

Netarts-Oceanside 38 0 46 4 88

Row % 43.2 0 52.3 4.5 100.0

Tillamook County 84 8 196 16 304

Row % 27.6 2.6 64.5 5.3 100.0

Outside Till	 County 47 1 107 5 160

Row % 29.4 .6 66.9 3.1 100.0

Column 169 9 349 25 552

Total 30.6 1.6 63.2 4.5 100.0

For No-Till-Outside Table: x2 = 11.83	 DF = 4	 S = .019*	 Cramer's V = .105

For Till-Outside Table: x2 = 2.34	 DF = 2	 S = .310	 Cramer's V = .066

Number of Missing Observations = 1

Tillamook County	 (Question #4).

Residence Decrease	 Increase	 No Change	 No Answer	 Row Total

Netarts-Oceanside	 34	 24	 26	 4	 88

Row %	 38.6	 27.3	 29.5	 4.5	 100.0

Tillamook County	 135	 49	 100	 20	 304

Row %	 44.4	 16.1	 32.9	 6.6	 100.0

Outside Till County	 51	 36	 58	 16	 161

Row %	 31.7	 22.4	 36.0	 9.9	 100.0

Column	 220	 109	 184	 40	 553

Total	 39.8	 19.7	 33.3	 7.2	 100.0

For No-Till-Outside Table: x 2 = 9.97	 DF = 4	 S = .041*	 Cramer's V = .099

For Till-Outside Table: x2	 7.23	 DF = 2	 S = .027*	 Cramer's V = .119

TABLE Change Favored in Amount of State Government Control of Commercial Development in67.

210



TABLE 68. Change Favored in Amount of Local Participation in Land-Use Planning for Tillamook

County (Question #5).

Residence Decrease Increase No Change No Answer Row Total

Netarts-Oceanside 8 65 10 5 88
Row % 9.1 73.9 11.4 5.7 100.0

Tillamook County 22 212 54 15 303

Row % 7.3 70.0 17.8 5.0 100.0

Outside Till	 County 12 112 25 12 161

Row % 7.5 69.6 15.5 7.5 100.0

Column 42 389 89 32 552

Total 7.6 70.5 16.1 5.8 100.0

For No-Till-Outside Table: x 2 = 2.21	 DF = 4	 S = .696	 Cramer's V = .046

For Till-Outside Table: x2	.27	 DF = 2	 S = .87	 Cramer's V = .022

Number of Missing Observations = 1
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TABLE 74.	 Attitude Toward Designating Netarts Bay a Marine Sanctuary 	 (Question #7).

Residence

Strongly
Oppose

Oppose Favor Strongly

Favor

No

Answer

Row
Total

Netarts-Oceanside 19 15 24 30 0 88

Row % 21.6 17.0 27.3 34.1 0 100.0

Tillamook County 51 69 94 79 11 304

Row % 16.8 22.7 30.9 26.0 3.6 100.0

Outside Till County 25 31 44 48 13 161

Row % 15.5 19.3 27.3 29.8 8.1 100.0

Column 95 115 162 157 24 553

Total 17.2 20.8 29.3 28.4 4.3 100.0

For No-Till-Outside Table: x 2 = 4.41	 DF = 6	 S = .62	 Cramer's V = .065

For Till-Outside Table: x 2 = 1.59	 DF = 3	 S = .66	 Cramer's V	 .055

TABLE 75.	 Whether or Not Netarts Bay Had Been Visited in the Past 12 Months 	 (Question #8a).

Residence No Answer Yes No Row Total

Tillamook County 17 203 83 303

Row % 5.6 67.0 27.4 100.0

Outside Till County 9 108 44 161

Row % 5.6 67.1 27.3 100.0

Column 26 311 127 464

Total 5.6 67.0 27.4 100.0

x 2 = .00892	 DF = 1	 S = .9248	 PHI = .00077

Number of Missing Observations = 1

TABLE 76.	 How Many Times Netarts Bay Had Been Visited in the Past 12 Months (Question #8b).

Residence Didn't Visit 1-2 3-5 6-10 More than 10 Row Total

Tillamook County 105 34 67 50 48 304

Row % 34.5 11.2 22.0 16.4 15.8 100.0

Outside Till	 County 55 39 28 23 16 161

Row % 34.2 24.2 17.4 14.3 9.9 100.0

Column 160 73 95 73 64 465

Total 34.4 15.7 20.4 15.7 13.8 100.0

x 2 = 15.44900	 DF = 4	 S = .0039**	 Cramer's V = .18227
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TABLE 77. Participation in Recreational Activities (Question #9).

Percentages Taking Part in Recreational Activities

Activity

Outside Tillamook	 x2 Statistics
Netarts-Oceanside	 Tillamook County	 County	 (significance)

Tillamook-	 No-Till-

Rank	 %	 Rank	 %	 Rank	 Outside	 Outside

Picnicking	 61.4	 1	 29.3	 1	 29.2	 2	 .001	 33.8

	

(.98)	 (.00)**

Fishing	 50.0	 4	 13.5	 6	 19.3	 5	 2.23	 55.3

	

(.13)	 (.00)**

Crabbing	 59.1	 3	 23.0	 4	 31.1	 1	 3.21	 41.4

	

(.07)	 (.00)**

Clamming	 60.2	 2	 26.0	 2	 27.3	 3	 .02	 39.0

	

(.87)	 (.00)**

Hunting	 9.1	 6	 3.6	 7	 2.5	 7	 .19	 6.72

	

(.66)	 (.03)*

Other	 36.4	 5	 24.0	 3	 19.9	 4	 .93	 8.50

	

(.33)	 (.01)**

None	 6.8	 7	 16.4	 5	 12.4	 6	 1.09	 5.67

	

(.30)	 (.06)

Notes: 1) Sample sizes: N-0 = 88, Tillamook County = 304, Outside = 161

2) DF for x 2 statistics: No-Till-Out = 2
Till-Out = 1

Significance: ** = .01
* = .05

TABLE 78. Main Recreational Activities (Question #10).

Percentages Indicating Activity as One Most FreguentlX Participated In 

Netarts-Oceanside 	 Tillamook County	 Outside Tillamook County

Activity	
Rank	 Rank	 Rank

Picnicking	 17.5	 3.5	 20.6	 1	 17.9	 3

Fishing	 13.7	 5	 3.7	 6	 2.8	 6

Crabbing	 17.5	 3.5	 19.3	 3	 28.3	 1

Clamming	 23.8	 1	 18.3	 4	 14.2	 5

Hunting	 1.2	 7	 .9	 7	 .9	 7

Other	 18.8	 2	 17.4	 5	 17.9	 3

None	 7.5	 6	 19.7	 2	 17.9	 3

x 2 Statistics to compare %'s: No vs. Till vs. Out: x 2 = 24.3	 DF = 12	 S = .02*

in 7 categories	
Till vs. Outside: x 2	4.30	 DF = 6	 S = .64

Note: Above table excludes those who did not visit Netarts Bay in past year or failed to answer the

question. Percentages were based on samples of size 80 for Netarts-Oceanside, 218 for

Tillamook County, and 106 from Outside.
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TABLE 79. Perception of Problems at Netarts Bay (Question #11).

Percentages Indicating Whether or Not Problem Exists at Netarts Bay at Present.

Netarts-Oceanside
	

Tillamook County	 Outside County

Yes	 No	 No Answer	 Yes	 No	 No Answer	 Yes	 No	 No Answer

Depletion of

Crabs & Clams

Not Enough

Parking

Too Many

Tourists

Not Enough

Access Points

	

68.7	 20.5	 10.8

	

32.5	 51.8	 15.7

	

45.8	 37.3	 16.9

	

36.1	 51.8	 12.0

	

48.1	 31.3	 20.6

	

33.3	 47.0	 19.7

	

36.3	 44.5	 19.2

	

38.9	 45.6	 15.5

	

53.6	 30.4	 16.1

	

22.5	 60.4	 17:1

	

42.0	 42.0	 16.1

	

34.8	 48.2	 17.0

Sample sizes: Netarts-Oceanside = 83, Tillamook = 213, Outside = 112

TABLE 80. x 2 Statistics to Compare Responses on Problems by Residence (Question #11).

Netarts-Oceanside vs.
	 Tillamook County

Tillamook County vs. Outside
	 VS.

Outside County

X 2	 df	 Significance	 Cramer's V
	

X 2	 df	 Significance	 Phi

Depletion of

Crabs & Clams	 5.75	 2	 .056	 .125	 .29	 1	 .589	 .036

Not Enough
Parking	 4.57	 2	 .101	 .114	 4.32	 1	 .037*	 .120

Too Many
Tourists	 2.56	 2	 .277	 .085	 .33	 1	 .565	 .038

Not Enough
Access Points	 .77	 2	 .679	 .046	 .03	 1	 .861	 .016

Note: Calculation of above statistics excludes those in "No Answer" category.
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TABLE 82. Unemployed, Retired, and Sex Status (Questions #13-1, 13-2, 14).

Sex

% Unemployed	 % Retired
	

% Male
	

% Female

Netarts-Oceanside
	

15.1
	

39.8
	

72.1
	

27.9

Tillamook County
	

10.6
	

34.5
	

85.3
	

14.7

Outside County
	

5.5
	

21.1
	

81.1
	

18.9

Sample sizes: N-0 = 88, Tillamook = 304, Outside = 161

Note: Retirees not included in calculation of unemployment rate.

TABLE 83. x 2 Statistics for Unemployed, Retired, and Sex Status.

Netarts-Oceanside vs.
	 Tillamook County vs.

Tillamook County vs. Outside
	

Outside County

x 2 	df	 Significance	 Cramer's V	 x 2	 df	 Significance	 Phi

% Unemployed	 4.53	 2	 .103	 .109	 2.10	 1	 .147	 .084	 1

% Retired	 12.14	 2	 .002**	 .148	 9.10	 1	 .003**	 .132

Sex	 8.06	 2	 .017*	 .121	 1.13	 1	 .289	 .051

TABLE 84. Age (Question #15).

18-24	 25-34	 35-44	 45-54	 55-64	 65 or over	 Row
Residence
	

Years	 Years	 Years	 Years	 Years	 Total

Netarts-Oceanside 1 17 7 14 18	 31 88

Row % 1.1 19.3 8.0 15.9 20.5	 35.2 100.0

Tillamook County 17 34 28 55 79	 89 302

Row % 5.6 11.3 9.3 18.2 26.2	 29.5 100.0

Outside Till County 2 7 24 63 33	 30 159

Row % 1.3 4.4 15.1 39.6 20.8	 18.9 100.0

Column 20 58 59 132 130	 150 549

Total 3.6 10.6 10.7 24.0 23.7	 27.3 100.0

For No-Till-Outside Table: x 2 = 54.72 DF = 10 S = .0000** Cramer's V =	 .223

For Till-Outside Table: x2 41.59 DF = 5 S = .001* Cramer's	 V =	 .275

Number of Missing Observations = 4
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TABLE 85. Samples Sizes and Return Rates.

Netarts-Oceanside Tillamook County Outside County

Total Number of Households 155 6201 305

Number Receiving Questionnaires 155 503 305

(% of Total Households) (100%) (8.1%) (100%)

Number of Usable Questionnaires 88 305 161

Returned

(% of Total	 Sent) (56.8%) (60.6%) (52.8%)

Note:	 "Tillamook County" consists of all areas in county except Netarts-Oceanside

Total Sample Size 962

Number Returned as Undeliverable -	 16

Number Potential Returns

Number & % Returned on First Mailing 310 (32.7%)

Number & % Returned on Second Mailing + 268 (28.2%)

Total Number & % Returned 37 (61.0%)

Number & % of Void or Blank Returns -	 25 (	 2.7%)

Number & % Usable Questionnaires Returned 553 (58.3%)

Total Number Postcards Mailed 240

Number & % Returned 158 (65.8%)
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APPENDIX B

Questionnaire, Postcard, and Cover Letters
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October 1, 1975

Dear Citizen:

In recent years, the topics of the growth of tourism and the regulation of
economic development have sparked much interest on the Oregon coast. How
much should tourism be encouraged by the construction of more recreational
facilities? How much should government agencies regulate commercial develop-
ment? Are controls destroying jobs? Is enough being done to preserve the
natural beauty of the coast?

These are important questions. Unfortunately, not enough is known about the
citizens' feelings toward them. That's where this questionnaire comes in. It
gives you the chance to make your feelings known on some critical issues.

What's the questionnaire all about? Briefly, a few questions have to do with
land use planning and regulation of economic development. The rest of the
questions concentrate on tourism, its development and its effects on the
coast--using Netarts Bay as the focal point. To put these answers into per-
spective, some other questions concern your usage of Netarts Bay.

This survey is part of a student project funded by the National Science Founda-
tion to investigate the biological, physical, and human aspects of Netarts Bay.
As an inventory of present human usage and public attitudes, the questionnaire
will provide vitally needed information to those who are making decisions con-
cerning Netarts' and Tillamook's future. Based out of Oregon State and Portland
State Universities, the project has no ties with any government agency and will
make no recommendations itself on planning and land use.

By the way, your responses will—be completely anonymous. Each questionnaire
contains an identification number for mailing purposes only. In this way, we
can remove your name from the mailing list once your questionnaire is returned.
The results will be published in such a way that the answers from any single
questionnaire cannot be identified.

This is a chance to make your opinions known. By taking the time to complete
this questionnaire, you can help to ensure yourself a voice in the decisions
affecting your future. A summary of the results will appear in the Headlight-
Herald.

Your cooperation in answering and returning this questionnaire will be greatly
appreciated.

Sincerely,

--)Igeed;f 7:r-Oaeed
Louis Grothaus
Survey Director
Netarts Bay Project
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22 October 1975

Dear Citizen:

You recently received a questionnaire regarding Tillamook County and
Netarts Bay. The number returned so far has been encouraging, but we have
not yet received yours. The Tillamook County Commissioners and other local
officials have expressed a strong interest in the results of the survey.
But for these results to be meaningful, they must be representative of all
the people in the area. Only if a large proportion of the people do respond
will this be true.

So, I encourage you to take a few moments to complete the questionnaire.
It represents a chance to express your views on development and tourism in
Tillamook County and especially at Netarts..

By the way, the OSU Survey Research Center is kindly helping with the
handling of the return mail. However, the survey itself is part of a student
project funded by the National Science Foundation to study the physical,
biological, and human aspects of Netarts Bay.

Please use this second copy of the questionnaire because the first
copy had possibly misleading instructions to question 6.

I hope that you will find a few moments to fill out and return the
enclosed questionnaire. Your views are important.

Your cooperation will be greatly appreciated. If you have any questions,
please feel free to call me at 503-754-3366.

Sincerely,

Louis -drothaus
Survey Director
Netarts Bay Project
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Netarts-Tillamook Survey

1. How many years have you lived in Oregon?

Years

2. How many years have you owned or rented a residence in Tillamook County?

Years

3. What change do you feel there should be in the bag limits for crabs and clams
in Tillamook County? (Please circle one)

Decrease
	

Increase	 No Change

4. What change do you feel there should be in the amount of state government
control presently exerted over commercial development in Tillamook County?
(Please circle one)

Decrease
	

Increase	 No Change

5. What change do you feel there should be in the amount of local participation
in land use planning for Tillamook County? (Please circle one)

Decrease
	

Increase	 No Change

6. Suppose the following projects were being proposed for the Netarts Bay area.
Would you favor or oppose them?

Considering each project by itself, circle a "1" if you strongly oppose
a project or a "7" if you strongly favor it - circle a number in between
if your feelings are not as strong. Please Circle one number for each line.

Strongly
oppose

Strongly
favor

New docks & marinas 1 2 3 4 5 6 7

Expansion of Cape Lookout State Park 1 2 3 4 5 6 7

More boat ramps 1 2 3 4 5 6 7

New motels & restaurants 1 2 3 4 5 6 7

Construction of a condominium 1 2 3 4 5 6 7

PLEASE TURN PAGE

224



7. How would you feel about Netarts Bay being designated a marine sanctuary?
As a marine sanctuary, the primary use of the bay would be for its long-
term preservation in its natural state for scientific and educational
uses. Low-intensity recreation, fishing, hunting, and wildlife observation
would most likely be permitted, provided they did not conflict with this
primary use.

Do you favor or oppose designating Netarts Bay a marine sanctuary? (Please
circle only one)

1. Strongly
oppose

2. Oppose	 3. Favor c,trongi
favor

The next few questions have to do with your personal use of Netarts Bay and what
you think of the Bay as a recreational area. (Please notice that if you have
not visited Netarts Bay in the past 12 months, you should answer only questions 
#8 and #8a and then skip ahead to question #12).

8. Do you live or work in the Netarts-Oceanside area? (Please circle one)

Yes	 No

Skip to question 9)	 (Go to question 8a)

8a. Have you visited Netarts Bay in the past
12 months? (Please circle one)

Yes	 No

	

(Go to Q. 8b)	 (Skip to Q. 12)
Nle

8b. How many times did you visit Netarts Bay
in the past 12 months?

Times

(Continue with question 9)

From the list below, what activities did you take part in at Netarts Bay during
the past 12 months? (Please circle the number(s) of all that apply)

4. Clamming
7 is'Anc-	 5.	 !iuntirJ1

	6. 	 -)ther _ _
7 .	 D'_c	 in -1--; r c-eariopal activities

From the list below, what one activity did you take part in most often at Netarts
Bay during the past 12 months? 	 (Please circle only one number)

1. Picnicking 4. Clamming
11. Fishing 5. hunting
3. Crabbing 6. Other

7. Did not participate in any recreational activities

PLEASE GO ON TO NEXT PAGE
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11. Considered as a recreational area, do you feel the Netarts Bay area at the
present time has any of the problems listed below.
For each one, please circle "Yes" if you feel it is a problem or "No" if
you feel it is not.

1. Depletion of crabs and clams by users Yes No

2. Not enough parking Yes No

3. Too many tourists Yes No

4. Not enough access points to shoreline Yes No

Last of all, we would like to ask you some questions about yourself.

12. In which community do you live most of the year? (Please circle only one)

1. Netarts community
2. Oceanside community
3. Tillamook
4. North Tillamook County (north of Tillamook)
5. South Tillamook County (south of Tillamook)
6. Outside of Tillamook County (Do you own or rent a second residence in

the Netarts-Oceanside area? Yes 	 No )

13. What is the main type of work you do? (Please fill in)
(If unemployed, please give your most recent work and check the following
box - (	 )
(If re ired, please give the work you did at the time you retired and check
the following box - I	 I )

14. What is your sex? (Please circi)

Male
Female

15. What is your age? (Please circle)

1. 18-24
2. :5-34

35-44
4. 45-34

E. 65 or over

"TEASE It .
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16. Please use the following space to make any comments you would like. Your
ideas would be appreciated.

THANK YOU FOR YOUR COOPERATION
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22 October 1975

Dear Citizen:

I wish to personally thank you for returning the Netarts-Tillamook
questionnaire. The rate of return so far indicates that between 40% and
50% will be sent back. Such a response helps to ensure that the results
are truly representative of people in the area and adds to the validity of
the survey.

The instructions to one question, #6, were written in a misleading
way. As a result, it is not clear whether circling a "1" or a "7" meant
strong support. To remove any chance of confusion, we have enclosed a
rewritten version of question 6 on a stamped postcard. If you would please
return the numbered card, we will be able to add the results of this impor-
tant question to the rest of your questionnaire.

By the way, the OSU Survey Research Center is kindly helping with the
return mail. The survey itself is part of a student project to study the
physical, biological, and human aspects of Netarts Bay.

Again, I sincerely thank you for your time and cooperation. If you
have any questions, please feel free to call me at 503-754-3366.

Sincerely,

Louis Gr thaus
Survey Director
Netarts Bay Project

228



6.

Suppose the following projects were being proposed for the Netarts Bay area.
Would you favor or oppose them?

Considering each project by itself, circle a "1" if you strongly oppose a
project or a "7" if you strongly favor it - circle a number in between if your
feelings are not as strong. Please circle one number for each line.

Strongly
Oppose

Strongly
Favor

New docks and marinas 1 2 3 4 5 6 7

Expansion of Cape Lookout State Park 1 2 3 4 5 6 7

More boat ramps 1 2 3 4 5 6 7

New motels and restaurants 1 2 3 4 5 6 7

Construction of a condominium 1 2 3 4 5 6 7
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SUMMARY

Netarts Bay is Oregon's fifth largest estuary,

with approximately 1500 acres of tidelands and 16

square miles of watershed. The bay is charac-
terized by extensive mudflats which grade into

sand near the estuary mouth, and by the relatively

constant high salinity throughout the bay. The

freshwater flow into the bay consists of 12 small
creeks. The sediments carried by these creeks, as

well as the marine sand input through the mouth,

account for the estuary's high sedimentation rate.

According to Glanzman, Glenne, and Burgess in a

1971 report for the Engineering Experiment Station

at Oregon State University, the bay volume for

mean high water has decreased 10% between 1957

and 1969. The erosion of disturbed lands in the

watershed is an apparent major contributor to the

sedimentation of Netarts Bay.

During the summer of 1975, fourteen Oregon

State University and Portland State University

students (graduate and undergraduate) conducted

a comprehensive inventory of the biological and
physical characteristics of Netarts Bay. The

study, which was funded as a National Science

Foundation Student Originated Study, included the
sampling and analysis of plant communities
(particularly Zostera marina L.), benthic inver-

tebrate populations, sediments, sea water
chemistry, fish, bird, and mammal populations,

and some aspects of the human uses of the bay

and surrounding watershed.

Before the bay and its watershed could be

sampled, an accurate system of east-west transect

lines needed to be established. The bay was

surveyed in order to set reference points, and

from these points pairs of painted posts were

set along the eastern shore of the sand spit.

The series of posts were set on exact east-west

lines and at 2000 foot intervals to denote the

transects. The accuracy of this estuarine

sampling grid proved to be approximately one foot

per mile. Visual alignment of the pairs of posts

then served as the means for accurate location of

specific sample stations.

To obtain representative samples of the benthic

invertebrate fauna for all regions of the bay,
replicate samples were taken at 86 stations along

the ten transects. Replicate core samples (20

cm x 20 cm, enclosing 6.28 liters) were taken at

each of the 86 stations, and the substrate was
sieved through 2 mm and 1 mm for the extraction

of infaunal organisms. In addition, sediment

samples were taken with vials at each station,
and these were used for the analysis of inverte-

brates were identified from Netarts Bay, 66

species from the core samples.

The distribution of benthic invertebrates

within Netarts Bay is clustered. The clustering

of organisms is not necessarily spatially con-

tinuous, and is dependent upon physical and

biological influences. For such an unconsolidated
substrate environment the primary physical con-

straints are the sediment grain size, the avail-

ability of organic matter, and the tidal level.
Biological interactions such as the modification

of the sediment composition by tube building

organisms or burrow forming organisms, predation,

feeding mechanisms, and the association of plants

are all factors delineating the clusters of

benthic invertebrates. Based upon algorythmic
clustering of the sample stations (using species

counts), seven community clusters have been

determined for Netarts Bay. The clusters are
correlated to the biological interactions of co-

occurring species and to the relative tidal

height, while their relationship to the surface

sediments is less clearcut. Theoretically, such

findings emphasize the influence of intra- and

inter-specific biological interactions, as well

as physical factors, in determining benthic

communities.

Plant communities are closely associated with

and even delineate some of the benthic inverte-

brate communities in the bay, in addition to
determining many of the vertebrate population

distributions in the estuary's watershed. The eel-

grass community (Zostera marina L.) covers about

55% of the NetartiFirdiTands and contains a

characteristic assemblage of benthic invertebrate

populations. The standing stock of Zostera
marina L. is high in comparison to oiTRFT.Tants,

buntTEe primary productivity is low in comparison

to other studies; 0.32% - 0.53% of the standing
stock per day. In addition, the leaves of this

angiosperm act as a trap for the suspended fine

sediments, and provide habitat for some fish,

mobile invertebrates, and epiphytic organisms.

Communities within an estuary generally reflect

the gradient of changing salinity and substrate

composition. Fish populations serve as good in-

dicators of how these two parameters integrate to

determine the communities within an estuary.
Eighteen permanent fish sampling stations were

used in Netarts Bay to reflect the differences in

the salinity, substrate type, and vegetation.

Due to the low freshwater input during the summer,

the interstation differences were correlated

solely to the vegetation and substrate type. Fish

sampling was performed both in the tributary

streams of the watershed and in the bay.

Forty-nine species of fish were collected, re-

presenting 19 families. Only 10 fish species

accounted for 90% of the total catch, and of these

10 species only 4 are resident fish. The resident

species are: the Pacific staghorn sculpin
(Leptocottus armatus), which is a benthic sandy
substract inhabitant; the bay pipefish (Synclathus 

griseolineatus), a sedentary fish in the eelgrass

leaves; the shiner perch (Cymatogaster aggregata),
a mobile fish in the eelgrass; and the saddleback

gunnel (Pholis ornata), which is benthic and pri-

marily associated with eelgrass.

Two other species of fish utilize the estuary

at some time during their life cycle, these are

the threespined stickleback (Gasterosteus aculea-
tus) and the english sole (Parophrys vetulUiT7--

The threespined stickleback is anadromous and
uses the estuary when spawning, while the english

sole inhabit the estuary for as long as their

entire first year of development. Clearly,
estuaries such as Netarts Bay are essential both
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to the resident and the migratory fish species.

Bird usage of the bay and its tidelands re-

flects the tidal periodicity and the tidal level.

A 100% increase in the densities of double-

crested cormorants, great-blue herons, mallards,

and shorebirds accompanied low and changing

tides. Human activity in the northern portion of

Netarts Bay, during low tide, began to influence

the bird distributions markedly. At a threshold

level of between 29-39 people per square kilo-
meter there was a major shift in the bird

assemblages away from the north of the bay. The
watershed, both disturbed and undisturbed,
showed bird densities 2 to 4 times that of the
bay. Areas of mature spruce forest provide nest-

ing sites for some bay species such as the great-

blue heron. A previously unknown great-blue

heron rookery, consisting of approximately 35

nests, was discovered in a disturbed mature
spruce forest of the Netarts watershed.

Terrestrial vertebrate use of the watershed

and bay was quantified by direct observation and

regular small mammal trapping. Transects esta-

blished in seven habitat types showed differences

in the relative abundance and distribution of
species according to the heterogeneity of vege-

tation and the proximity of freshwater. A total

of 34 species of mammals, reptiles, and amphi-
bians were found inhabiting the study area. The

three most widely distributed species were the
vagrant shrew (Sorex vaqrans), the black-tailed

deer (Odocoileus hemionus columbianus), and the

deer mouse (Peromyscus maniculatus). The deer
mouse comprised over 50% of the total animals

trapped, and it occurred in its greatest abun-
dance in the two forest habitat types (riparian

alder and disturbed mature spruce and hemlock).
The highest species diversity was found in the

riparian alder habitat, while the lowest occurred
in the salt marsh and agriculture habitats. The
old wooded areas of disturbed mature spruce and

hemlock habitat and sand-spit spruce habitat
produced the highest abundances in the trapping

results, 38% and 19%, respectively, of the total

mammals caught. Frequent sightings of harbor
seals and raccoons in the bay indicated moderate

use of the intertidal areas by mammals, other
than man.

Man's impact upon Netarts Bay and the capacity

of such an estuarine system to absorb human

activities without resource degradation are very

difficult to quantify. In the investigation of
the human uses of the natural resources of Netarts

Bay data was compiled concerning the geography,

land ownership, development (historical), con-

struction regulations, and logging statistics of

the bay. The objective was to quantify man's
activities within Netarts Bay, both historically

and at its present level.

A systematic public opinion questionnaire was
mailed to 963 households representing two groups:

(1) permanent residents of Tillamook County, and

(2) those owning or renting a second residence in

the county but living elsewhere most of the year.
The questionnaire was used to assess the attitudes

of these households concerning the regulation of
commercial development by government and the con-
struction of additional recreational facilities.

In general, the questionnaire results indicate a

concern for the conservation of natural resources

by both groups. On the topic of Netarts Bay as a

marine sanctuary, 57% of both groups were in
favor. The Tillamook residents favored a decrease

in state government control over local develop-

ment, while the other group disagreed with this

stance.

The greatest resource harvesting in Netarts

Bay occurs in logging and fisheries. Shell and

fin fish harvesting is regulated by state law,

yet the quantity harvested which is non-detri-

mental to the long term productivity of the bay
is as yet unknown. In logging, clearcut practices

have primarily been used in the past 50 years;

and presently 80% - 90% of the Netarts watershed
has been clearcut logged. The resulting increase
in erosion due to improper logging techniques has

created significant changes in the bay morphology.

The collection of basic physical and biological

data concerning the natural resources and estu-

arine communities of Netarts Bay, should serve as

a foundation for subsequent comparative analyses

both for temporal changes within the bay and with
other estuarine systems and of greatest importance

serve as a foundation for the planning of the

future of Netarts Bay.

The attractiveness of Netarts Bay as a recrea-

tional area and as an aesthetic resource has
resulted in substantial development and influx of

people. The unique characteristics of this bay

together with improved transportation and greater

leisure make additional growth of recreational

activities and development a certainty. A high
potential for shell fish and fin fish production

also increases the attractiveness of this area.

As has been pointed out previously, it is essen-
tial that developments and enterprise attracted

to the estuary do not destroy the very qualities

which make Netarts Bay desirable. Protection of
the bay requires a continued high degree of water
quality. This must be insured by those persons

and agencies responsible for the planning of

Netarts Bay.
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INDEX TO SPECIES NAMES

Animals 

Amphibians    

Bufo boreas 
Hyla regilla 
Rana aurora 
Rana catesbeiana 
Taricha granulosa 

Western toad
Pacific tree frog
Red-legged frog
Bullfrog
Rough-skinned newt

Benthic Invertebrates 

Hydrozoa

Cladonema californica

Nemertea

Cerebratulus californiensis

Polychaeta

Abarenicola pacifica (Arenicolidae)
Mediomastus californiensis (Capitellidae)
Capitella capitata
Glycera convoluta (Glyceridae)
Glycera tenuis 
Glycinde armigera (Goniadidae)
Lumbrineris zonata (Lumbrineridae)
Nephtys californiensis (Nephtyidae)
Nephtys caecoides 
Nephtys caeca 
Neanthes brandti (Nereidae)
Neanthes succinea 
pphelia assimilis (Opheliidae)
Euzonus mucronata 
Euzonus williamsi 
Armandis brevis 
Orbinia johnsoni (Orbiniidae)
Haploscoloplos elonqatus
Owenia collaris (Oweniidae)
Eteone californica (Phyllodocidae)
Eteone dilatae 
Halosydna brevisetosa (Polynoidae)
Lepidasthenia interrupta 
Pygospio elegans (Spionidae)
Pygospio californica 
Rhynchospio arenicola 

jelly fish

ribbon worm

lug worm
thread worm
thread worm
mud flat worm

II	 II

I.	 I.

sand worm

clam bed worm
mud flat worm

I.	 II

blood worm

mud flat worm

I.	 I.

scale worm

sandy tube worm
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sandy tube worm

parchment tube worm

Pseudopolydora paucibranchiata 
Pseudopolydora kempi 
Spio filicornis 
Spiophanes bombyx
Polydora socialis 
Eupolymnia crescentis  (Terebellidae)
Pista pacifica 

Bivalvia

Macoma balthica (Tellinidae)
Macoma inquinata 
Macoma nasuta 
Tellina bodegensis 
Cryptomya californica (Myidae)
Mya arenaria *
Protothaca staminea (Veneridae)
Protothaca tenerrima 
Tapes japonica *
Saxidomus giganteus 
Tresus capax (Mactridae)
Clinocardium nuttallii (Cardiidae)
Lucinoma annulata (Lucinidae)
Crassostrea gigas (Ostreidae)*
Zirfaea pilsbryi (Pholadidae)
Mytilus edulis (Mytilidae)

Gastropoda

Phyllaplysia taylori (Anaspidea)
Olivella biplicata (Neogastopoda)
Ceratostoma inornatum*

Phoronida

Phoronis pallida 

Crustacea

Lepas pacifica (Cirripedia)
Balanus glandula 
Leptochelia dubia (Tanaidacea)
Excirolana linguifrons (Isopoda)
Idotea resecata 
Eohaustorius sp. (Amphipoda)
Corophium brevis 
Amphithoe valida 
Paraphoxus milleri 
Paraphoxus spinosus 
Photis brevipes 
Hyale grandicornis californica 

nestling clam

bent-nosed clam
Sand flat clam
Shrimp clam
Soft-shell clam
Littleneck clam

Quahog clam
Blue clam
Cockle
Nestling clam
Japanese oyster
Boring clam
Bay mussel

Sea slug
Purple olive snail
Oyster drill snail

Sand tube worm

Goose-neck barnacle
Acorn barnacle
Sand tube crustacea
Isopod
Isopod
Amphipod
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Heptacarpus pictus (Decapoda)
Heptacarpus paludicola 
Crangon nigricauda 
Pinnixa faba 
Pinnixa littoralis 
Pinnixa sp.
Hemigrapsus oregonensis 
Rhithropanopeus harrisii*
Pugettia richii 
Pugettia producta 
Petrolisthes cinctipes 

Echinoidea

Dendraster excentricus 

Asteroidea

Pycnopodia helianthoides (Forcipulatida)
Pisaster brevispinus 

Urochordata

Botrylloides sp. (Stolidobranchia)

Hemichordata

Saccoglossus sp.

Birds 

Melospiza melodia 
Chamaea fasciata 
Caysodacus purpureus 
Hylocichia ustulata 
Turdus migratorius
Columba fasciata 
Larus ocridentalis 
Larus glaucesceno 
	  delawarensis 
Larus californicus
Larus heermanii 
Hydroprogne caspia 
Uria aalge 
Cepphus columba 

* Denotes introduced species

Eelgrass shrimp

Pea crab

Hairy shore crab
Atlantic shore crab
Decorator crab
Kelp crab
Porcelain crab

Sand dollar

Sunflower starfish
Seastar

Tunicate

Acorn worm

Song sparrow
Wrentit
Purple finch
Swainson's thrush
American robin
Band-tailed pigeons
Western gull
Glavcous-winged
Ring-billed
California gull
Heerman's gull
Caspian tern
Common murre
Pidgeon guillemot
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Phala-crocorax auritus 
Phalacorcorax pelagicus 
Ardea herodias 
Corvus brachyrhynchas 
Anas platyrhynehas 
Mergus serator 
Erolia alpina 
Anas acuta 
Gavia immer 
Buteo jamaicensis 
Oreortyx pictus 
Zenardura macroura 
Bubo virginianus 
Chodeiles minor 
Chaetura vauxi 
Selasphorus rufus 
Megaceryle alcyon 
Dryocopus pileatus 
Dendrocopos villosus 
Dendrocopos pubescens 
Empidonax difficilis 
Trachycineta thalassina 
Iridopiocne bicolor 
Hirundo rustica 
Progne subis 
Perisoreus canadensis 
Cyanocitta stelleri 
Corvus corax 
Parus atricapillus 
Parus rufescens 
Psalt riparus minimus 
Sitta canadensis 
Certhia familiaris 
Troglodytes aedon 
Troglodytes troglodytes 
Thryomanes bewickii 
Ixoreus naevius 
Regulus satrapa 
Bombyrella cedrorum 
Sturnus vulgaris 
Vermivora celata 
Piranga ludoviciana 
Pheuctrius melanocephalus 
Spinus pinus 
Spinus tristis 
Loxia curvirostra 
Pipilo erythrophthalmus 
Passerculus sandwichensis 
Zonotrichia leucophrys 
Passerella iliaca 

Double-crested cormoranto
Pelagic ormorant
Great Blue Heron
Common crows
Mallard duck
Red-breasted merganser
Dunlin
Pintail
Common Loon
Red-tailed Hawk
Mountain Quail
Mourning Dove
Great Horned Owl
Common Nighthawk
Vaux's Swift
Rufous Hummingbird
Belted Kingfisher
Pileated Woodpecker
Hairy Woodpecker
Downy Woodpecker
Western Flycatcher
Violet-green Swallow
Tree Swallow
Barn Swallow
Purple Martin
Gray Jay
Steller Jay
Common Raven
Black capped Chickadee
Chestnut-backed Chickadee
Common Bushtit
Red-breasted Nuthatch
Brown Creeper
House Wren
Winter Wren
Bewick's Wren
Varied thrush
Golden Crowned Kinglet
Cedar Waxwing
Starling
Orange-crowned Warbler
Western Tanager
Black-headed Grosbeak
Pine Siskin
American Goldfinch
Red Crossbill
Rufous-sided Towhee
Savannah sparrow
White-crowned Sparrow
Fox Sparrow
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Sternella neglecta 
Mologhrus ater 
Agelarius phoeniceus 
Melospiza melodia 
Pelicanus occidentalis 
Circus cyaneus 
Erolia melantos 
Erolia bairdii 
Actitus macularia
Squatarola squatarola 
Limosa fedoa 
Charadrius Alexandrinus 
Charadrius semipalmatus
Charadrius vociferus 
Numenius phaeopus 
Totanus melanoleucus 
Telmatodytes palustaris 
Branta Bernicla 

Western Meadowlark
Brown-headed Cowbird
Red-winged Blackbird
Song sparrow
Brown Pelicans
Marsh Hawk
Pectoral Sandpipers
Baird's Sandpipers
Spotted Sandpiper
Black-bellied Plovers
Marbled Godwits
Snowy Plover
Semi-palmated Plover
Killdeer
Whimbrel
Greater Yellowlegs
Long-billed Marsh Wren
Black Brandt

Fishes 

Allosmerus elong_atus 
Ammodytes hexapterus 
Anarrhichthys ocellatus 
Anoplarchus purpurescens 
Apodichthys flavidus 
Artedius fenestralis 
Artedius harringtoni 
Atherinops affinis 
Citharichthys sordidus
Citharichthys stigmaeus 
Clinocottus acuticeps 
Clinocottus globiceps 
Cottus aleuticus 
Cottus asper 
Cottus gulosus 
Cymatogaster aggregata 
Embiotica lateralis 
Engraulis mordax 
Enophrys bison 
Entosphenus tridentatus 
Gasterosteus aculeatus 
Hemilepidotus hemilepidotus 
Hemilepidotus spinosus 
Hexagrammos decagrammus 
Hexagrammos lagocephalus 
Hexagrammos stelleri
Hyperprosopon argenteum 

Whitebait smelt
Pacific sand lance
Wolf-eel
High Cockscomb
Pen point gunnel
Padded sculpin
Scalyhead sculpin
Top smelt
Pacific sanddab
Speckled sanddab
Sharpnose sculpin
Mosshead sculpin
Prickly sculpin
Coastrange sculpin
Riffle sculpin
Shiner perch
Striped seaperch
Northern Anchovy
Buffalo sculpin
Pacific lamprey
Three spine stickleback
Red Irish lord
Brown Irish lord
Kelp greenling
Rock greenling
White spotted greenling
Walleye surf perch
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Hypomesus pretiosus 
Lampetra richardsoni 
Leptocottus armatus
Lumpenus sagitta 
Microgadus proximus 
Oligocottus maculosus 
Oligocottus snyderi 
Onchorhynchus tshawytscha 
Ophidon elongatus 
Pallasina barbata 
Parophrys vetulus 
Phanerodon furcatus 
Pholis ornata 
Plaichthys stellatus 
Psettichthys melanostictus 
Rhacochilus vacca 
Salmo clarki 
Scorpaenichthys marmoratus 
Sebastes caurinus 
Sebastes melanops 
Stellerina xyosterna 
Syngnathus griseolineatus 

Surf smelt
Western brook lamprey
Pacific staghorn sculpin
Snake prickleback
Pacific tom cod
Tidepool sculpin
Fluffy sculpin
Chinook salmon
Ling cod
Tubenose poacher
English sole
White sea perch
Saddle back gunnel
Starry flounder
Sand sole
Pile perch
Cutthroat trout
Cabezon
Copper rockfish
Black rockfish
Pricklebreast poacher
Bay pipefish

Mammals 

Canis latrans 
Castor canadensis 
Clethrionomys occidentalis 
Eutamias townsendii 
Felis rufus 
Glaucomys sabrinus 
Mephitis mephitis 
Microtus oregoni 
Microtus townsendii 
Mustela ermina 
Mustela vison 
Myotis californicus 
Myotis lucifugus 
Myotis yumanensis 
Neotoma cinerea 
Odocoileus hemionus columbianus 
Peromyscus maniculatus 
Phoca vitulina 

Procyon lotar 
Sorex trowbridgii 
Sorex vagrans 
Sylvilagus backmani 
Tamiascivrus douglasii 
Urocyon cinereoargenteus 
Ursus americanus 
Zapus trinotatus 

Coyote
Beaver
Western red-backed vole
Townsend's chipmunk
Bobcat
Northern flying squirrel
Striped skunk
Creeping vole
Townsend's vole
Ermine
Mink
California myotis
Little brown myotis
Yuma myotis
Bushy-tailed woodrat
Black-tailed deer
Deer mouse
Harbor seal
Raccoon
Trowbridge's shrew
Vagrant shrew
Brush rabbit
Douglas' squirrel
Gray fox
Black bear
Pacific jumping mouse
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Reptiles 

Gerrhonotus coeruleus 
Thamnophis sirtalis 
Thanmophis ordirioides 

PLANTS

Algae 

Alaria marginata 
Chaetomorpha tortuosa 
Claophora gracilis 
Desmarestia herbacea 
Desmarestia munda
Enteromorpha intestinalis var. intestinalis 
Enteromorpha linza 
Fucus disticus 
Gigartina exasperrata 
Gigartina spinosa 
Laminaria saccarina 
Monostroma zostericola 
Polyneura latissima 
Polysiphonia pacifica var. gracilis 
Porphyra perforata var. perforata 
Prionitis lyallii 
Sargassum muticum 
Smithora naiadum 
Ulva expansa 
UTWa. lactuca 
Urospora wormskioldii 

Diatoms 

Achnanthes haukiana 
Achnanthes parvula 
Amphipleura rutilans 
Cocconeis placentula 
Cocconeis scutellum 
Fragilaria pinnata 
Fragilaria striatula var. californica 
Melosira moniliformis
Melosira nummuloides 
Melosira sulcata 
Navicula complanatula 
Navicula diserta 
Navicula gregaria 

Alligator lizard
Common garter snake
Northwestern garter snake
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Navicula pelliculosa 
Nitzschia closterium 
Nitzschia frustulus var. perpusilla 
Nitzschia oregana 
Synedra fasiculata 

Vascular Plants 

Abies grandis 
Abronia latifolia 
Agrostis alba 
Alnus rubra 
Amelanchier florida 
Ammophila arenaria 
Angelica hendersonii 
Arctostaphylos columbiana 
Arctostaphylos uva-ursi 
Athyrium filix-femina 
Bromus sp.
Larex obnupta 
Carex lyngbyei 
Cotula coronopifolia 
Cytisis scoparius 
Deschampsia caespitosa
Digitalis purpurea 
Distichlis spicata 
Epilobium angustifolium 
Elymus mollis 
Festuca rubra
Fragaria chiloensis 
Franseria chamissonis 
Gaultheria shallon 
Glehnia leiocarpa 
Juncus leseurii 
Lonicera involucrata 
Lupinus littoralis 
Lysichitum americanum 
Myrica californica 
Petasites palmatus 
Picea sitchensis 
Pinus contorta 
Pod confinis 
Polystichum munitum 
Potentilla answerina 
Potentilla pacifica 
Pseudotsugs menziesii 
Pteridium aquilinum 
Pyrus diversifolia

Grand fir
Yellow abronia
Creeping bentgrass
Red alder
Service berry
European beach grass
Angelica
Manzanita
Kinnikinnick
Lady fern
Brome grass
Sedge
Sedge
Brass buttons
Scotch broom
Tufted hairgrass
Foxglove
Green seashore saltgrass
Fireweed
American dune grass
Red fescue
Strawberry
Silver beach weed
Salal
Beach silver-top
Salt rush
Twinberry
Seashore lupine
Skunk cabbage
Western wax myrtle
Western Coltfoot
Sitka spruce
Shore pine
Dune bluegrass
Western bracken fern
Silverweed
Pacific silverweed
Douglas fir
Sword fern
Crab-apple
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Ribes sp.
Rubus parviflorus 
Rubus spectabilis 
Rubus ursinus 
Salix hookeriana 
Salicornia virginica 
Sambucus callicaupa 
Sambucus racemosa 
Scirpus americanus 
Scirpus validus 
Solidago spathulata 
Thuja plicata 
Trifolium wormskjoldii 
Triqlochin maritima 
Trisetum canescen 
Tsuga heterophylla 
Vaccinium parvifolium 
Zostera marina

Gooseberry
Thimbleberry
Salmonberry
Blackberry
Coast willow
Woody glasswort
Red elderberry
Elderberry
Three square
American great bulrush
Goldenrod
Western red cedar
Springbank clover
Seaside arrow-grass
Oatgrass
Western hemlock
Red huckleberry
Eelgrass
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