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Abstract approved

An investigation of the fishes of the Willamette River and three of its
larger tributaries was made during July, August, September, and November of

1951, to ascertain the possibility of using them as bio-indices of pollu-

tion. Thirteen stations were established on the Willamette River and tri-

butaries. These stations were selected in respect to the major tributaries,

cities, and sources of pollution. Two stations were located on the Mc-
Kenzie river; two on the North Fork of the Santiam.River; eight on the

main stem of the Willamette River from above Eugene to Oregon City; and

one on the Clackamas River. Fishes were collected at each station by

means of a seine. The fishes were preserved in a 10 percent formalin solu-

tion and returned to Corvallis where they were classified as to species
and the numbers of each recorded. Stomach analysis were performed on a

portion of the fishes collected from each of the stations.

In an attempt to determine the affect of pollution on the fishes of
an area, the samples from a clean-water station were compared with those

taken from a polluted station. From this survey a tentative list of

fishes which were sensitive, intermediate and tolerant to pollution was

formed. In general, the trout, salmon, whitefishes and sculpins were
found to be sensitive; falcate dace, white crappie, smallmouth black
bass, mountain suckers, and longnosed dace were intermediate; and red-

sided shiner, blacksided dace, coarse-scaled sucker, three-spined

stickle back, squawfish, bullhead catfish, chiselmouth, largemouth
black bass, Columbia River chub, and larvae of the Pacific lamprey were

tolerant. It was found that even the most tolerant fishes disappeared
when pollution was excessive.

In addition to the biological data collected at each station, certain

chemical and physical tests were also determined. Air and water tempera-

tures were taken, along with hydrogen-ion concentration (pH), and dis-

solved oxygen content of the water. Bio-chemical oxygen demand (B.O.D.)

readings were taken at some of the stations by the Oregon State Sanitary

Authority. River flow measurements were obtained from U.S.G.S. records

for the gage at Salem, Oregon. The physical and chemical tests were used
in conjunction with the biological findings to determine the condition of

each station. Water flow data was used to determine low water periods.

Chemical, physical and water flow data are shown in table form as well
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as graphically. The numbers of each species of fish and the food organisms
found by stomach analysis are listed for each monthly sample and these data
are also shown in table form.

According to observations from this survey there was a definite in-

dication that pollution can be detected by using the species, numbers and
stomach contents of fishes from a waterway.
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THE WILLAMETTE RIVER FISHES
AS BIOLOGICAL INDICATORS OF POLLUTION

INTRODUCTION

An investigation of the fishes of the Willamette River and three

of its larger tributaries was made during the months of July, August,

September, and November of 1961, to ascertain the possibility of

their use as biological indicators of pollution. In addition to

this, some of the existing physical and chemical conditions were

obtained so they could be compared with the biological data. The

information obtained will be used in the future for measuring bio-

logically the recovery of the Willamette River System as pollution

abatement work progresses.

This study was made in conjunction with Gene Deschamps, a

fellow graduate student, who made a survey of the bottom fauna of

the Willamette River system in relationship with polluted and un-

polluted conditions.

According to the Federal Security Agency (11), "the major

pollution of the Willamette and its tributaries is caused by the

discharge of raw sewage from 473,650 people, treated sewage from

45,500, wastes from 6 pulp mills and a variety of other industrial

plants. The total organic wastes discharged from all municipal

sources of pollution has a total population of 953,800. Fifty-

six industries are known to be discharging organic wastes directly

to the water courses with a population equivalent of 2,963,750."

Pollution in the Willamette River System has interferred with

development of the available fishery, commercial as well as
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recreational, by its detrimental affects of suitable fish habitat,

spawning grounds and fish food. Pollution may affect the fishes

either by actual toxic action or by the cumulative effects of dis-

charged wastes. In order to ascertain the effects of abatement

measures employed, adequate means of measuring pollution in the

river system should be available. The usual procedure of deter-

mining the extent of pollution in a stream is by chemical and

physical tests. Testing for amounts of dissolved oxygen, (D.O.),

hydrogen-ion concentration, (pH), biochemical oxygen demand, (B.O.D.),

acidity, alkalinity, chlorides, solids and bacterial counts are the

most common in use at present. These have the advantage of being

applicable to all bodies of water, relatively easy to determine,

and give quite accurate results as to the condition of the water

at the particular time of testing. There is no practical means,

however, of testing for all possible types of pollution that may

be present in a stream. Usually it is not one factor that acts

as the limiting element in a given environment, but a combination

of many factors. One should be careful in stating that pollution

is the cause of a decrease in fish life, for it may be only one

of the many causes. The entry of pollutants into a river sets off

a series of chemical, physical, and biological events as the

water flows downstream. The nature of the polluting substance

is governed by the type and quantity of substances released into

the river, and the amount and chemical and physical type of water

into which it is discharged. Aquatic life may be affected directly

by the toxic action of the pollutant or indirectly through changes
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in the water or bottom conditions. If changing conditions are un-

favorable, organisms must resist these changes, migrate or be de-

stroyed. Pollutants may so change the habitat of a river that an

entirely new biological relationship will replace the one that

existed before the pollutant was allowed to enter the river. It is

because the chemical methods of evaluating a stream can sometimes

be very misleading, in that they measure only the conditions of the

stream at the time the tests are taken that there is a need for

biological methods. If a chemical or physical test is not taken

at the actual time the pollutant is in the river, it may show the

river to be in satisfactory condition. Actually fish and aquatic

life may have been killed or forced to move out, fish food eliminated,

and the balance of aquatic life upset. It is because many inter-

actions resulting from stream pollution are largely biological that

it is reasonable to assume that these biological interactions can be

used as indicators of pollution.

There have been various studies made on biological indices;

aquatic insects, (2-5-6), algaes, (4), bacteria and others having

been used. Little has been done with the fishes, however, and since

pollution is known to have its ultimate affect on the fishes of a

waterway, it was the purpose of this study to determine the possi-

bility of using them as biological indicators of pollution. By

using the numbers of fish, the species present and the food organ-

isms utilized by them this will be attempted to show how pollution

changes the normal habitat of the river.
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Biological measurement of pollution used by itself would not be

a satisfactory method of determining the extent of pollution. One

index could not be used for every waterway, for each has its own

environmental conditions, which are changing daily. Fishes are

quite difficult to use as indicators of pollution because of their

migratory habits, varying sensitivity among different species of

fish as well as within the same species. Some are sensitive to one

type of pollution and not to another, while others are facultative,

living in either clean or polluted waters. See Table 9 for the

lists of fishes which appeared to be sensitive, intermediate, and

tolerant to pollution during the survey, 1951. It is believed, how-

ever, that a more complete picture would be presented if biological

indicators were used in conjunction with the chemical and physical

tests, each method supplementing the other.
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TABLE 9
A LIST OF A PORTION OF THE FISHES OF THE 1ILLAIVMETTE RIVER

SYSTEM AND THEIR APPARENT SENSITIVITY TO POLLUTED CONDITIONS AS
INDICATED BY THE SURVEY OF JULY,AUGUST,SEPTEMBER, AND NOV MBER, 1951

Clean Water

Sensitive

Rainbow trout

Cutthroat trout

King salmon

Silver salmon

Whitefishes

Sculpins

* Subject to revision

Facultative

Intermediate Tolerant**

Longnosed dace Largemouth black bass

Mountain sucker Carp

Smallmouth black bass Catfish

Crappies Squawfish

Falcate dace Chiselmouth

Redsided shiner

Blacksided dace

Coarse-scaled sucker

Three-spined stickle-
back

Columbia River chub

Lamprey larvae

** There are various degrees of tolerance shown by these fishes

and even the most tolerant forms succumb to extremely high pollu-
tion.
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HISTORICAL DATA

The use of the biological life of a river to determine the ex-

tent of pollutional effects of a waterway is a relatively new method,

as compared with the chemical and physical tests. This is probably

because the chemical and physical tests are relatively easy to deter-

mine and give quite accurate results at the time the tests are

taken. As a rule, however, they do not take into account previous

pollutional affects or if the stream will be fit for fish life in

the near future. Most of the biological work has been done on the

lower forms of aquatic life, found in a river, because they have

less tendency to migrate and thus have a better chance of indicat-

ing true water conditions. Brinkley, (4), used plankton algae as

indicators of sanitary conditions of a river. He found that the

plankton population gave a better picture of past history, of a

certain volume of water, than it did of the sanitary condition of

the stream at any definite location. Ruth Patrick, (16), in her

article of "A Proposed Biological measure of Stream Conditions",

states that in general the effect of pollution seems to be a reduc-

tion in species number with the most tolerant forms surviving. The

author describes organisms living in healthy, semi-healthy, polluted,

and very polluted waters. Bartsch, (2), in his article on "Biologic-

al Aspects of Stream Pollution" gives the names of organisms common-

ly found in clean water, and those found in polluted water in its

various stages. Fishes were used to some extent by Suter, R., and

Moore, (18), and Van Horn, (20). Biological work on the Willamette
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River system has been quite limited. Since 1929, eight river sur-

veys of the pollution of various reaches of the Willamette River

have been made. Most of these studies have been conducted by the

use of chemical and physical tests. Some biological work was done

on the Willamette River and tributaries during August and September

of 1944, by R. E. Dimick, (9). In this survey field studies were

made of the fishes of the Willamette River system and their relation-

ship with polluted conditions were noted. C. J. Velz, (21), in his

report on natural purification capacities Willamette River, summar-

izes each of the eight studies mentioned. Also included in that re-

port were the drought flows, Willamette River, U.S.G.S. gage at

Salem, Oregon for the summer-fall period, May through October,

Table one presents this data.
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TABLE 1
DROUGHT FLOWS, WILLAMETTE RIVER
U.S.G.S. GAGE AT SALEM, OREGON

SURER-FALL PERIOD, MAY THROUGH OCTOBER

Year
Minimum

Monthly Average
Minimum

Weekly Average
Minimum

Daily Average

1928 3,590 September 3,390 September 3,200 September

1929 3,290 October 3,200 September 3,200 September

1930 3,030 September 2,860 August 2,860 August

1931 2,680 September 2,520 September 2,500 September

1932 3,330 September 3,170 September 3,170 September

1933 5,100 August 3,750 October 3,700 October

1934 2,947 September 2,730 September 2,760 September

1935 3,397 September 3,130 September 3,080 September

1936 3,214 October 3,140 October 3,110 October

1937 4,133 September 3,790 September 3,680 September

1938 3,461 September 3,250 September 3,240 September

1939 3,300 September 2,950 September 2,890 September

1940 2,653 August 2,520 August 2,480 August

1941 3,445 August 3,140 August 3,100 August

1942 3,365 October 2,980 October 2,930 October

1943 4,585 September 4,210 October 4,150 October

1944 3,194 August 2,750 September 2,730 September

1945 3,466 August 3,170 August 3,090 August

1946 4,159 August 3,650 September 3,460 September

1947 4,328* September 3,800* September 3,730* September

1948 5,271* August 4,400* September 4,280* September

1949 4,298* August 3,670* September 3,590* September

* Provisional, subject to revision
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METHODS

A panel truck was used for transportation and moving the collec-

ting gear and chemical kit from station to station. At each sampling

station the following data were obtained and recorded on mimeographed

forms:

Temperatures:

Air and water temperatures were taken with a Fahrenheit Taylor

water thermometer. The air temperatures were taken away from shore

with the thermometer held in the shade. After taking the air tem-

perature, the water temperatures were recorded by immersing the

thermometer just below the surface. The readings were taken with-

out removing the thermometer from the water. Table two presents

the air and water temperatures obtained at each of the stations

during July, August, September and November, 1951.

Hydrogen-ion concentration (pH):

The hydrogen-ion concentration (pH) was taken at each station

with a LaMotte Block Comparator. This apparatus gave pH reading

between 3.0 and 10.5, with graduations of 0.5. Accuracy was about

a plus and minus 0.2. In various kinds of natural, unmodified

water, hydrogen-ion concentration differs from at least pH 3.2 to

10.5 inclusive, (24). The expectation in most ordinary streams is

a range of about pH 6.0 to 8.0, (14). A pH of 7.0 is neutral, values

between 0 and 7 represent acid reactions and between 7 and 14 the

reactions are alkaline. Ellis, (10), has stated concerning pollution
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studies "it has been found advisable to view with suspicion any

stream water having a hydrogen-ion concentration outside the limits

of pH 6.7 to pH 8.6, until it could definitely be shown that such

extra limital pH values were due to natural causes rather than to

human agencies, as even badly polluted streams were usually within

these limits." The pH readings may be important aids in pollution

studies since excess variations in hydrogen-ion concentration may

indicate harmful changes occuring in the water. (See Table 2 for

pH reading of each of the stations for the 1951 survey).

Dissolved Oxygen (D.0.):

The unmodified Winkler method, as described in the Standard

Methods for the Examination of ' ater and Sewage, (1), was used to

determine the dissolved oxygen. :grater was collected in riffle

areas and at about mid-depth, by means of a Kemmerer sampler. The

complete test, including the titration, was done at each station

before moving to the next area. An adequate supply of dissolved

oxygen is one of the prime requisites of fishes. Species differ

in their requirements of oxygen and it has been generally known

that such fish as trout and salmon require more oxygen than do some

of the cyprinids and bullhead catfishes. It has been observed,

however, that trout and salmon may survive for brief periods of time

in water having a very low oxygen content, providing there is no

toxic material present or if temperatures are not too high. From

the work of Ellis, (10), which was based on field studies and

laboratory tests, it has been the general practice to use 5 p.p.m.



TABLE 2
PHYSICAL AND CHEMICAL DATA, VVILLJ ETTE RIVER AND TRIBUTARIES, 1951

tation
dumber

Accession
Number Date Time

Dissolved
oxygen in

.m. H

)

Air Temper-
ature in 0 F.

Water Temper-
ature in F.

Percent
of

Saturation
1 3 7-12 2:15 8,7 7.4 66.0 73,0 100.0
1 25 8-21 1:30 8.3 7.8 76.0 73.5 95,5
1 38 9-25 12:00 9.0 7.5 59.0 63.0 92,9
1 42 11-6 2:30 11.4 7.4 55.0 49.0 9910

2 4 7-12 4:10 8.3 7.1 66.0 74.5 97.5

2 26 8-21 3:00 6.7 7.5 88.0 75.0 78.8

2 39 9-25 3:15 8.0 7.4 64.0 64.0 83.4

2 43 11-6 4:30 11.2 7.5 54.0 50.0 99.0

3 1 7-12 11:15 9.6 7.1 66.0 60.0 96.0

3 23 3-21 10:30 8.1 6.9 70.0 59.0 79.5

3 29 9-14 11:00 10.3. 7.7 69.0 55.0 92.5

3 40 11-6 10:00 12.5 7.3 55.0 46.0 105,0

4 2 7-12 12:50 9.8 7.4 64.0 62.0 100.0

4 24 8-21 11:45 7.2 7.6 80.0 61.0 72.8

4 30 9-14 12:30 10.1 7.8 57.0 55.0 92.5

4 41 11-6 12:30 11.7 7.4 56.0 46.0 98.0

5 8 7-13 3:55 8.2 7.2 70.0 71.5 93.0

5 22 8-17 4:45 6.6 7.6 80.0 70.0 73.4

5 37 9-25 9:30 8.7 7.5 56.0 60.0 87.0

5 49 11-9 3:00 10.0 7.4 49.0 49.0 87.0

6 5 7-13 9:40 7.3 7.4 59.0 70.0 81.0

6 21 8-17 1:40 6.8 7.5 74.5 70.0 75.5

6 36 9-24- 2:00 9.5 7.6 63.0 63.0 98.0

6 45 11-9 8:05 10.4 7.3 47.0 50.0 92.0



TABLE 2 (continued

Station
Number

Accession
Number Date Time

Dissolved
Oxygen in

.m* ff
Air Temper-

ature in ° F.
Water Temper-

ature in 0 F.

Percent of
Saturation

7 7 7-13 1:00 8.5 6.8 66.0 73.0 97.5
7 15 8-15 12:15 7.1 7,3 76,0 72.0 80.6
7 28 9-14 3:15 8.0 7.7 88.0 69.0 88.0
7 46 11-9 9:15 11.3 7.2 55.0 46.0 95.0

8 6 7-13 11:00 2.2 7.5 59.0 70.0 24.4

8 14 8-15 10:25 0.0 6.6 66.0 70.0 0.0

8 27 9-13 10:30 0.0 6.6 61.0 65.0 0.0

8 47 11-9 10:45 8.8 6.7 53.0 48.0 75.8

9 11 7-20 10:00 7.9 7.1 62.0 70.0 37.6

9 17 8-15 5:00 7.2 7.6 80.0 73.5 82.7

9 35 9-24 12:30 8.7 7.5 63.0 62.0 88,8

9 48 11-9 1:30 10.1 7.2 50.0 49.0 87.7

10 12 7-19 12:00 6.5 6.9 67.0 74.0 75.5

10 16 8-15 3:15 6.2 7.2 76.0 74.0 72.1

10 31 9-15 1:30 6.1 7.1 76.0 68.0 66.4

10 44 11-8 11:00 9.2 7.1 56,0 50.0 31.4

11 13 7-26 2:00 3.7 6.8 78.0 73.0 50.6

11 18 8-16 10:30 4.8 6.9 69.0 73.0 53.2

11 32 9-17 1:00 6.2 7.1 78.0 73.0 71.3

11

12 9 7-19 1:30 2.2 6.5 66.0 75.0 25.9

12 19 8-16 2:00 3.2 6.6 76.0 74,0 37.2

12 34 9-18 2:00 4.8 6.6 72.0 70,0 55.2

13 10 7-19 3:00 9.9 7.0 65.0 64.0 103.0

13 20 8-16 4:00 9.1 7.9 80.0 64.0 94.8

13 33 9-18 10:30 9.4 7.3 70.0 66.0 94.0
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of dissolved oxygen as the minimum safety level to maintain a varied

fish fauna. Temperature influences the amount of dissolved oxygen

in water, and if other things are held constant cold water will

have more dissolved oxygen than does warm water. Table 2 presents

the dissolved oxygen of water samples obtained at the various study

stations visited on the main river and tributary streams during July,

August, September and November, 1951.

Bio-chemical Oxygen Demand, (B.O.D.):

The biochemical oxygen-demand determination is a measure of the

dissolved oxygen required to oxidize the organic matter in a sample,

through the agency of microscopic organisms (bacteria). The test

consists of the determination of dissolved oxygen prior to and

following a period of incubation at 200 C. The incubation is

usually five days, (19). Facilities were not available for deter-

mining B.O.D. readings, but the Oregon State Sanitary Authority

took readings at most of the stations used for this survey, during

July, August, and September. These figures were used in conjunction

with the biological findings to indicate the amount of biological

decomposition present in the river. On the average, a B.O.D. read-

ing between 0,0 p.p.ms and 1.0 p.p.m. would be considered as low,

1.0 p.p.m. to 3.0 p.p.m. medium and greater than 3.0 p.p.m., high.

Table 3 presents the bio-chemical oxygen demand of the water as

determined by the Oregon State Sanitary Authority, for July,

August and September.
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Square-Foot Sampling:

Square-foot counts were taken at each station and used by Gene

Deschamps, graduate student, in his study of the bottom fauna of the

Willamette River system in relationship with polluted and unpolluted

conditions. Figure six presents the volume of square-foot samples

taken at each station on the Willamette River, from July to November,

1951. According to Davis, H. S., (8), the following standards are

tentatively used as a preliminary classification of streams as to

richness of food supply:

Grade 1. Rich; weight or volume greater than 2 grams or 2 c.c. per
square foot.

Grade 2. Average; weight or volume from 1 to 2 grams or 1 to 2 c.c.
per square foot.

Grade B. Poor; weight or volume less than 1 gram or 1 c.c. per square
foot.

Results should be reported as weight, volume, or number of animals

per square foot, and whenever possible the animals occuring in bottom

samples should be weighed, as numbers alone do not give a complete

picture of the food supply. Fishes, salamanders, and crayfish are

excluded from the bottom sample count. Insects or molluscs having

shells or cases are weighed after the covering has been removed.

Figure 42 presents the results of the square-foot samples conducted

at stations on the main Willamette River during July, August, Septem-

ber and November. Figure 43 gives the results of the square-foot

counts for the three tributaries for these same months.
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Fish Collection:

A seine, 50 feet long, 6 feet in depth and with 1/2 inch mesh,

was used for collecting fish specimens. The usual method was to

drag down stream several yards and then pull the net ashore, pocket-

ing the fish between the bank and seine. This method usually proved

effective when "snags" and large rocks did not interfere. The fish

collecting method for obtaining sculpins was to hold a small 12 foot

seine in a swift portion of the stream and then stir up the bottom by

kicking and moving rocks above'the seine. The fish specimens were

preserved in a 10 percent formalin solution and the containers

fabled as to date, station and accession number. Most of the fish

specimens collected by these methods were of small sizes. Table 34

presents the list of species with numbers of each collected at each

station for the survey, 1951.

Stomach Analysis:

The fish collections were soaked in 75 percent ethyl alcohol

before analysis were started. This was done so that the formalin

did not affect the eyes of the operator so severely. The fish

stomachs were removed, opened, and contents placed in small watch

glasses, containing a small amount of water. A field, compound

microscope was used for observing the different forms. All aquatic

insects were separated into order or family groups and counted.

All food organisms of terrestrial origin were likewise grouped and

counted. Because of the predominance of small fishes collected,

the larger food organisms did not appear in the stomach analysis.
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Table 5 presents the results of the stomach analysis for each of the

stations during July, August, September and November, 1951.

Water flow:

Water flow in cubic feet per second (C.F.S.) was obtained from

the U.S.G.S. readings taken at Salem, Oregon. Table 6 presents the

daily readings for July, August, September, October and November,

1951, and Figure 38 shows the graphic form of this data.
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STATION DESCRIPTIONS

Thirteen stations, located on the Willamette River and three of

its larger tributaries, were selected as study areas. (See Figure 1).

These areas were somewhat similar in bottom types, as river conditions

would permit, with the exception of the lower Willamette. This lower

portion of the Willamette River from about Newberg to the mouth of

the river is deep and the water slow moving with few riffles. Areas

having combined riffles, pools and gravelly bottoms were selected

for sampling areas because the more sensitive forms of aquatic life

are more likely to be found here. Stations were selected in pairs,

one the clean-water type and the other a polluted area. That is,

areas were selected so that one station would be above a point of

effluent discharge and the other below the discharge point. Thus,

by comparing the clean-water organisms with those found in the lower

station, it would be possible to ascertain biological effects of the

polluting effluents. Starting with station one and ending with

station thirteen, the following are short descriptions of each. The

location of the stations on the main Willamette will be given in

river miles from the mouth of the Willamette river and the stations

on the tributaries by nearness to prominent landmarks. (See Table 7

for river miles.)

Station 1, (Figure 2), was located just below the confluence

of the Middle and Coast forks of the Willamette River at Eugene.

This is approximately 192 miles from the mouth of the Willamette.

The bottom is composed of a gravel bar with rather smooth stones
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ranging in size from "pea" gravel to good-sized boulders. At various

times throughout the testing periods, July through November, the

bottom was shifted by gravel companies removing gravel from the river

bed and there were considerable amounts of recent silt deposited,

presumably resulting from up-river dam construction. Seining condi-

tions remained fair to good throughout the summer.

Station 2, (Figure 3), was of the same general nature as station

one in bottom type. It is located approximately 4 miles north of

Eugene and one mile above the confluence of the McKenzie River. This

would make it approximately 178 miles from the mouth of the Willa-

mette River. This station can be reached by the "Old River Road"

to Eugene and then turn east on River Avenue. This side road leads

directly to the river. Gravel trucks and dredges were also working

in this area. The actual place of testing was not interferred with

until November when a dredge was removing gravel from the area where

previous seining had been done. During the summer the bottom of

the river had a heavy growth of Sphaerotilus, sp. covering the

rocks, probably resulting from decomposition of domestic sewage

and cannery wastes. The area was exceedingly unattractive and

fishermen in the area claimed they would not utilize fish if they

were caught.

Station 3, (Figure 4), was located on the McKenzie River just

above the Hayden Bridge, which is a few hundred yards above the

point of sewer discharge for the Springfield Weyerhaeuser mill.

This area was not especially good for seining as there were large
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TABLE 3
BIOCHEMICAL OXYGEN DEMAND (BOD)

OF THE WILLAMETTE RIVER SYSTEM DURING 1951
AS DETERMINED BY TIDE OREGON STATE SANITARY AUTHORITY

Station
Number

July
25-26

August
14-15

September
5-6

September
18-19

1 0,2 0. 0.5 1.0

2 1.7 2.4 2.9 3.3

0.9 0.6 0.7 0.8

1.3 1.4 2.4

0.6 1.5 1.6 1.8

1.4 2.2 1.8 1.6

8 19.3 25,8 12.0 25,0

0.6 1.4 1.3 0.9

10 1.9 1.8 2.5 1.9

11 3.7 4.4 3.4 2.8

Note: No B.O.D. readings were obtainable for stations 7, 12

and 13.

3

4

5

6

9
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TA Lam' 4 (continued)

Station 1, August 21. One Columbia transmontanus was collected.

Station 2, September 25, Sixty Oncorh ny chus tshawytscha and several
-'tychocheilus oregonense released.

Station 4, August 21, One Salmo clarki was collected.

Station 5, September 25, Forty-five Onchorhyn.chus tshawytsch.a re-
leased.

Station 6, September 24, Two Lepomis macrochirus were collected.

Station 7, September 14, One hntosphenus, so. was collected.

Station 8, August 15, One Gasterosteus aculeatus :nicrocephalus was
collected.

Station 9, August 15, One Leoormis macrochirus was collected.

Station 10, November 8, Cottus were observed but not caught.

Station 12, July 19, About 100 small yprinus carpio were released.

22

The following fishes are known to exist in the river but were

not collected during this survey, 1951.

Lampetra planeri; Acipenser transmontanus; losa sapidissima; Salveli-

nus malma spectabilus; Oregonichth.ys crarneri; Ameiurus nebulosus; Perca

flavescens; Lepomis gibbosus; Pomoxis nigro-maculatus; and Cottus asner.



TABLE 5: STOMACH ANALYSIS RESULTS OF FISH S_FROM STATION 1 THROUGH 6, WILL TTE RIVER, 1951
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9 9-24 18 8 0 2 0 0 0 11 65 330 0 0 1 0 0 0 3 0 0 0

9 11-9 26 8 0 97 0 12 0 37 16 5 0 0 0 0 4 0 0 0 0 2

10 7-19 26 10 0 13 0 0 0 0 2 249 0 0 6 0 0 0 0 0 0 6

10 8-15 11 3 0 0 0 0 0 2 0 6 0 0 0 0 0 3 0 0 0 1
10 9-15 26 9 0 0 0 0 0 0 0 1 0 0 0 0 0 54 0 0 0 0
10 11-8 9 4 1 0 0 0 0 0 0 2 0 0 0 0 0 10 0 0 0 0

11 7-26 13 4 0 0 0 0 0 73 7 0 0 0 0 0 400 0 0 0 2

11 8-16 13 2 0 0 0 0 0 96 0 0 0 0 0 0 79 0 0 0 2

11 9-17 5 2 0 0 0 0 0 15 1 0 2 0 0 0 3 0 0 0 2

12 7-19 16 4 0 3 0 0 0 16 141 0 0 0 0 0 5O 0 0 0 9

12 8-16 7 1 0 0 0 0 0 9 23 0 0 0 0 0 353 0 0 0 1

12 9-18 13 2 0 0 0 0 0 66 84 0 0 0 0 1 554 0 0 355 1

13 7-19 9 3 0 31 0 8 16 317 226 0 0 0 0 0 0 0 5 0 19

13 8-16 6 3 0 70 0 8 0 14 0 65 0 3 1 0 0 0 0 0 0 1

13 9-18 12 5 0 104 2 2 0 11 6 310 0 1 10 0 3 0 1 0 0 0

E-4

'PI



ABLE 5: STOMACH ANALYSIS RESULTS OF FISHES FROM STATION 1 THROUGH 6, continued
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H Others by family name

1 7-12 10 3 0 0 x 0 0
1 8-21 12 6 0 0 x 0 1 Halipidae
1 9-25 18 8 0 0 0 0 0
1 11-6 11 3 0 0 0 0 2 Formicidae

2 7-12 21 6 0 0 x 0 0

2 8-21 21 6 0 0 x 0 2 'terrestrial forms

2 9-25 18 5 0 0 0 0 66 Adult termites

2 11-6 18 7 0 30 x 0 100 Homoptera, 14 Formicidae

3 7-12 10 3 0 0 0 0 30 Adult terrestrial forms

3 8-21 13 6 0 0 0 0 4 terrestrial forms
3 9-14 12 4 0 1 0 0 61 Adult terrestrial forms

3 11-6 3 2 0 0 0 0

4 7-12 18 5 0 4 x 0 6 Adult terrestrial forms, 8 Arachnids, 1 claw of crayfish
4 8-21 12 6 0 1 0 0 22 Adult terrestrial forms, Debris
4 9-14 16 6 0 0 0 0 213 Terrestrial forms, 4 Sialidae
4 11-6 7 4 0 0 0 0 0

5 7-13 17 5 0 0 0 1 Elmidae larvae
5 8-17 15 4 0 0 0 5 terrestrial forms

5 9-25 22 6 0 2 0 2 Hymenoptera - 1 Homoptera, Hemiptera, 1 Arachnid
5 11-9 9 6 7 1 0 4 Homoptera, 2 formicidae

6 7-12 12 4 8 1 0 4 Adult Homoptera, 2 adult formicidae
6 8-17 16 3 0 0 0 0

6 9-24 26 9 0 1 0 3 Homoptera, 2 Hymenoptera - 2 terrestrial forms
6 11-9 22 9 0 1 0 1 landform, some sand



LE 5: STOMACH ANALYSIS RESULTS OF FISHES FROM STATION 7 THROUGH 13, continued
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7 7-13 14 4 0 1 0 0 1 Sand
7 8-15 11 6 0 0 x 0 1 0
7 9-14 21 6 0 0 x 0 8 0
7 11-9 10 5 0 0 0 0 0 0

8 7-13 10 4 0 1 0 0 1 0

8 8-15 15 4 0 0 x 1 0 0

8 9-13 8 2 0 1 0 0 0 0
8 11-9 1 1 0 0 0 0 0 0

}

9 7-20 27 10 0 0 x 0 0 0

9 8-15 23 7 0 0 x 0 0 0
9 9-24 18 8 0 0 0 0 0 0

9 11-9 26 8 0 1 x 0 0 1 Arachnid, 51 Apids, sand

10 7-19 26 10 0 0 x 0 2 Eggs of insect, 150 Arachnids, sand

10 8-15 11 3 0 0 x 0 0 0

10 9-15 26 9 0 0 0 0 4 0

10 11-8 9 4 0 0 x 0 0 0

11 7-26 13 4 0 0 x 0 0 Statoblast of Bryozoan.

11 8-16 13 2 0 0 0 0 0 2 Hymenoptera, 5 Statoblasts

11 9-17 5 2 3 0 0 0 5 1 'i'jatermite

12 7-19 16 4 0 0 0 0 0 0

12 8-16 7 1 0 0 0 0 0 0

12 9-18 13 2 0 0 0 0 0 1 Hymenoptera, 1 Asellus

13 7-19 9 3 0 0 0 0 0 4 Arachnids, 1 Thryps

13 8-16 6 3 0 0 0 0 54 2 leaves

13 9-18 12 5 0 0 0 0 0 8 Corixids, 1 Arachnid
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July August September October November

1 4400 53x00 4800 16000

2 6050 4400 5300 10500 14000

3 6050 4400 11800 17200 12900

4 6300 - 4x.'00 24170 12550
5 6300 4200 4400 19740 11850

6 6550 4200 4400 13250 11150*

7 6300 4200 4400 10800 10500

8 6300 4200 4600 8700 9900*
9 6050 4400 4600 7800 9600*

10 6050 4400 4600 7050 9900

11 6050 4200 4600 6800 12200

12 5550* 4200 4600 6800 27460

13 5550* 4200 4400* 9600 55460

14 5550 4200 4400* 12200 65140

15 5300 4400* 4400* 12560 66900

16 5300 4400* ----- 18040 55460

17 5300 4400* 4400 17620 66900

18 5300 ---- 4400* ---- 33920
19 5050* ---- 4200 12550 26990

20 5050* ---- 4000 13250 24170

21 5050 ----* 4000 23260 22380

22 5050 4400 ---- 28400 21500

23 5050 4400 4000 31900 19740

24 4800 4400 4000* 58260 17620

25 4600 4400 4200* 67500 16400

26 4600* 4400 4200 57140 17620

27 4600 4400 4400 40220 33400

28 4600 4400 41:400 31900 36000
29 4400 4600 ---- 26990 48320

30 4600 4800 4600 22380 61660

31 4400 5300 1.8460

* Sampling dates
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TABLE 7
APPROXIMATE RIVER

MILEAGES FROM THE LOUTH OF
TEE WILLAMETTE RIVER

Location Mileage

Mouth of Clackamas River 25

Mouth of Tualatin River 28

Mouth of Molalla River 36

Butteville 48

Mouth of Yamhill River 55

Wheatland Ferry 71

Salem 85

Independence 98

Rickreall Creek 99

Mouth of Santiam River 9915

Albany 120

Corvallis 133

Mouth of Long Tom River 150

Harrisburg 165

Mouth of McKenzie River 177

Eugene 182.5
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'Figure 1: A Sketched Map of the ;killamette :Aver System showing

the Principal Tributaries, Cities, and the Locations of the

Sampling Stations.
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boulders on the bottom which allowed the fish to frequently escape

the net. Rocks ranging from marble size to large boulders were

present. A gravel bar upstream from the bridge was fairly loose

and fluctuating water levels caused a shifting of the bottom. This

was particularly the condition after the high water in November and

is believed to have been the case before the July sample was taken.

Station 4, (Figure 5), was located on the McKenzie River at

the "old ferry crossing", about 2 or 3 miles below the point of

sewer discharge mentioned in the description of Station 3. The

bottom was quite level and consisted of uniformly shaped rocks

ranging in.size from "walnut" gravel up to boulders of a foot in

diameter. Seining was good with the exception of the November

sample, when the water was too high and swift for good results.

Some Sphaerotilus, sp. was found on the rocks causing a slight

cementing affect of the bottom. There was a slight disagreeable

odor at this station at various times during the summer, but did

not appear to be excessive.

Station 5, (Figure 6), was located 1 mile south of Corvallis,

which is 134 miles from the mouth of the river. The river bottom

was made up of small flat stones. The bottom gradually slopes

toward the east bank where the water is fairly deep. Seining condi-

tions were good to excellent in this area as the water was neither

too swift nor too deep. No silt or debris was noted at any time

during the survey. In general, the area was adapted to the more
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Figure 4: Station 3. McK.enzie River, at Hayden Bridge
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Figure 5: Station 4. McKenzie River, at Old ferry
crossing.
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swift types of fishes, such as the dace, sculpins, trout and white-

fishes.

Station 6, (Figure 7), was located about 500 yards south of the

Willamette River bridge at Albany, Oregon. This is 120 miles from

the mouth of the river. This station was similar in bottom type to

Station 5, with the exception that the pebbles and stones were more

irregular thus allowing conditions for a more varied type of bottom

fauna. There was a slight amount of debris collected on the bottom.

Seining conditions were good to excellent, with fishes being numer-

ous at each sampling period. The Calapooya River empties into the

Willamette River just below this station.

Station 7, (Figure 8), was located approximately 3 miles south-

east and above the city of Lebanon, on the South Fork of the Santiam

River and just below the Lebanon dam. Here the bottom varies from

large boulders, to bedrock and small gravel bars. During the low

water periods the seining was fairly easy, but at the higher water

level it became quite difficult. Numerous large squawfish were

present during the entire summer, and on several occasions cutthroat

and rainbow trout were observed. These fish remained in the deep

holes and were difficult to capture. The gravel bars provided ex-

cellent habitat for sculpins.

Station 8, (Figure 9), was located approximately 5 or 6 miles

north of Lebanon, just below the Crabtree bridge on the South Fork

of the Santiam River. This station proved to be the most highly
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Figure 8: Station 7. South fork of Santiam river, above
Lebanon

Figure 9: Station 8. South fork of Santiam, at Crabtree
bridge
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polluted portion of the entire river system, observed during the

summer. The area consisted of large shallow gravel bars interspersed

between deep holes. The gravel was of medium size and but for

polluted conditions this location would be an excellent habitat for

fishes. The bottom was continually covered with a bacterial growth

(Sphaerotilus, sp.) bluegreen and green algae causing most of the

bottom organisms to be blanketed out. Seining conditions were ideal

at this station, but fishes were generally scarce.

Station 9, (Figures 10 and 11), was located at Independence,

about 98 miles from the mouth of the river. The station was just

below the old ferry slip and above the city sewage outlet. The

bottom was composed of medium sized stones, most of them irregular

in shape and size. The station remained clean appearing as the

summer progressed with fish and fish food always in abundance.

Seining conditions were excellent, but during November the sampling

was carried out at the old ferry slip and in back waters near it

because of high water. Here there was a difference in bottom condi-

tions in that the rocks were smaller and smooth and the water was

not quite as swift. During August and September there was a heavy

growth of aquatic plant, of the bladderwort family, which seemed to

make ideal habitat for aquatic insects and small fishes. Fish and

fish food organisms were especially numerous at this time.

Station 10, (Figure 12), was located about 100 yards below

Wheatland Ferry, which is approximately 71 miles from the mouth of
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Figure 10: Station 9. 'sk'iilamette River, Independence.

Figure 11: Station 9. Willamette River at Flood stage,
Inde_endeoo .
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the river. This station was not as similar to previous stations as

would have been preferred, because of slower moving water. The

bottom was relatively smooth with small, flat rocks being in pre-

dominance. The rocks were covered with a slimey material during

the entire summer, presumably a bacterial growth. The bottom was

blanketed with debris which caused a marked cementing effect. The

food grade was extremely low at each testing period and this was also

indicated by the stomach analysis of fish obtained.

Station 11, (Figure 13), was located about 48 miles from the

mouth of the river at a town called Butteville. The water is slow

moving and deep at this point. Two different areas were sampled,

one at Butteville and the other upstream about a half mile. The

upstream location was of a sandy bottom while the area at Butte-

villa was sandy mud, rocks and debris. Results from seining were

only fair in both areas. The town of Newberg is located about 4 or

5 miles upstream from this station and domestic and sulfite liquors

wastes are discharged into the river at that point.

Station 12, (Figure 14), was located about 1 mile below the

falls at Oregon City, and just above the confluence with the

Clackamas River. The Clackamas is 25 miles from the mouth of the

Willamette. The bottom was composed of large and medium-sized

boulders. No gravel bars were accessible and square-foot sample

collecting was difficult. A slime-like material and wood fibers

covered the rocks and bottom for the entire summer period. Seining
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was quite difficult and during the August sampling the only fish that

could be caught were taken in a small pot-hole that had been partial-

ly cut off from the main branch of the river. During September a

boat was used and with fair success. This station has some tidal

affect, and this should be taken into consideration when food organ-

isms are studied.

Station 13, (Figure 15), was located on the Clackamas River

just south of the Oregon Fish Commission laboratory, which is about

5 or 6 miles from the mouth of the river. Seining conditions were

poor to fair at this area as the bottom was irregular with various

sized rocks making it difficult to drag a seine. Also, the river

was so clear that the larger fish were able to escape before being

encircled. Daily water fluctuations were noted at this station,

apparently due to dams upstream.
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FISHES OF THE 1LLAiETTE RIVER

All fishes known to exist in the Willamette River system were

not collected during this survey. This was due in part to inadequate

collecting gear and to habitat preference of some of the fishes.

Twelve families of fishes, which include 37 species are known to ex-

ist in the river system. Of these 37 species, twenty-six are indi-

genous and 11 are exotic. Three species of fish were collected

during this survey, July through November, 1951, which have apparent-

ly never been recorded as existing in the Willamette River System.

They were as follows: Smooth sculpin, Cottus beldingi Eigenmann and

Eigenmann; Mountain sucker, Pantosteus jordani Evermann; and a new

species of Entosphenus.

At least 6 kinds of fish have been planted in the river system

from time to time, but apparently they have not become established.

These failures included the Montana black-spotted cutthroat, Salmo

clarki lewisi (Girard); the European brown trout, Salmo trutta Linn-

aeus; the Eastern brook trout, Salvelinus fontinalis (Mitchill);

the channel catfish, Ictalurus lacustris (Walbaum); the Northern

rock bass, Ambloplites rupestris (Rafinesque) and the Goldfish, Cara-

ssius auratus (Linnaeus). The Goldfish has been collected from

some of the ponds throughout the valley, but not in the main river.

Table 8 presents a list of the fishes with scientific and common

names known to occur in the Willamette River system. An artificial

key to the families and species of fishes of the Willamette River

system will be found in the appendix. Figures 16 through 37 show
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T BLE 8
FISHES OF THE ' ILLANETTE RIVER SYSTEM

Scientific Name

Entosphenus tridentatus (Gairdner)

Entosphenus, sp.
Lampetra planeri (Bloch)
Acipenser transmontanus Richardson

Alosa sapidissima (Wilson)

Oncorhynchus kisutch (ralbaun)

Oncorhynchus tsha scha

Salmo clarki clarki (Richardson)

Salmo gairdneri (Richardson)

Salvelinus malma spectabilus (Girard)

Prosopium oregonium (Jordan & Snyder)

Catostomus macrocheilus (Girard)

Pantosteus jordani (Evermann)

Cyprinus carpio (Linnaeus)

Common 14ame-s

Pacific or three toothed
lamprey

(Apparently a new species)
Brook lamprey
iVhite sturgeon

Shad

Silver salmon

king or Chinook salmon

Coastal cutthroat trout

Rainbow trout, Steelhead

Dolly Varden, Western charr

Oregon whitefish

Columbia coarse-scaled sucker

Mountain sucker

carp

Acrocheilus alutaceus Agassiz and Pickering
Chiselmouth

Mylocheilus caurinus (Richardson) Columbia River chub

Ptychocheilus oregonense (Richardson) Columbia squawfish

Richardsonius balteatus balteatus (Richardson)
Redsided shiner

Oregonichthys.crameri (Snyder) Oregon minnow

Rhinichthys cataractae dulcis (Girard) Longnosed dace

Rhinichthys nubilus nubilus (Girard) Blacksided dace

Rhinichthys falcatus (Eigenmar.m and Eigenmann
Falcate or Silvery grey dace
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TABLE 8, continued

Ameiurus nebulosus (Le Sueur) Brown bullhead

Ameiurus natalis (Le Sueur) Yellow bullhead

Ameiurus anelas(Rafinesque) Black bullhead

Ictalurus catus*(Linnaeus) White catfish

(This fish apparently does not exist in the `'v` illamette river
at the present time, (1951), but will be planted in the near
future).

Columbia transmontana (Eigenmann and Eigenmann
Troutperch

Chaenobryttus coronaries (Bartram) Warmouth bass

Lepomis gibbosus (Linnaeus) Pumpkinseed

Lepomis macrochirus (Rafinesque) Bluegill

Pomoxis annularis (Rafinesque) White crappie

Pomoxis nigro-maculatus (Le Sueur) Black crappie

kicropterus salmoides (Eacepede) Largemouth black bass

Micropterus dolomieu (Lacepede) Smallmouth black bass

Perea flavescens (Mitchill) Yellow perch

Cottus rhotheus (Rosa Smith) Torrent sculpin

Cottus asper (Richardson.) Prickly sculpin

Cottus aleuticus (Gilbert) ------ --------

Cottus beldingi (Eigenma.nn and Eigenmann)

Cottus ug
loses (Girara)

Smooth sculpin
Common sculpin

Gasterosteus aculeatus microce hales (Girard)
Three-spined stickleback
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pictures of some of the fishes found in the river system.



47

RESULTS

The results of each monthly survey will be given successively

for each of the thirteen stations. The chemical and physical data

will be given, followed by an explanation of the biological data. By

interpeting the biological conditions encountered in relation to the

chemical and physical data it will be possible to form some prelimin-

ary conclusions on the possible use,of the fishes as biological in-

dicators of pollution.

Station 1 (Above Eugene)

July 12

Except for some turbidity and rather high water temperatures the

river appeared to be in good condition on this date. At 2:15 p.m.

the dissolved oxygen was 8.7 p.p.m., saturation 100 percent, pH 7.4,

and the temperature 730 F. A biochemical oxygen demand (B.O.D.) was

taken by the Oregon State Sanitary Authority on July 25, about one

and a half miles below this station, and the reading was 0.2 p.p.m.

This was probably indicative of the B.O.D. for the July 12 sampling

period. The water flow at Salem was 5550 cubic feet per second on

this date. Table 6 presents the daily water flow in cubic feet per

second (C.F.S.), taken by U.S.G.S. at Salem, Oregon for the months

of July, August, September, October and November.

The water temperature (730 F.) was somewhat high for good trout

and salmon habitat, as these species generally prefer water which

have temperatures of 550 to 650 F. It is not definitely known if

the high water temperature was the reason for the lack of salmonids
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during July and August, but no other cause was evident. Good seining

conditions existed so if the fish were present in representative

numbers they probably would have been collected. Altogether seven-

teen fish were collected, which included three different species.

Of the seventeen there were eight Redsided shiner, 6 longnosed dace,

and three sculpins. Ten of the 17 fish were analyzed to determine

if they were utilizing the available food supply. The analysis gave

the following results: 225 mayfly nymphs, 2 stonefly nymphs, 77

Chironomid larvae, 10 Chironomid adults, 3 beetle adults and some

algae. The bottom sample indicated the mayfly nymphs to be in

predominance, followed by caddice and chironomid larvae. For the

most part the larger food organisms did not occur in the stomach ana-

lysis data, because the fishes taken were restricted to those of small

size.

August 21

The August survey results were nearly the same as for the July

sample. The water was somewhat lower with a flow of 4400 at Salem.

Some turbidity still existed and the temperature was still high.

Only a slight drop occurred in the D.O. with a reading of 8.3 p.p.m.

The oxygen saturation was 95.5%, pH 7.8, and the temperature 73.5° F.

The B.O.D. reading taken by the Oregon Sanitary Authority on August

14 was 0.9 p.p.m., a slight increase over the July reading of 0.2

p.p.m. No salmonids were observed or collected for this period, but

there was an increase of other species over the July collection.

The total number of fish collected was 16 and these were divided up
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Figure 19: Oregonichthys crameri, Jregon minnow
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into 7 species. They were as follows: 1 coarse-scaled sucker, 1

chiselmouth, 2 squawfish, 5 redsided shiner, 2 longnosed dace, 1

smallmouth black bass, and 4 sculpins. Only the sculpins, longnosed

dace and smallmouth black bass were indicative of cleaner waters,

whereas the chiselmouth, squawfish and redsided shiner are faculta-

tive, being able to live in either clean or polluted waters. In

the stomach analysis of 12 of the 16 fish, which included 6 of the

7 species, mayfly nymphs were in predominance. The analysis gave

the following results: 253 mayfly nymph, 5 stonefly nymph, 5 caddis-

fly larvae, 169 ehironomid larvae, 14 blackfly larvae, 1 water

beetle larvae and some algae.

The chemical and physical data show the river to be in good

condition, with the exception of high temperature and some turbidity.

This is similar to the July observations, and in comparing this with

the biological data obtained, it can be assumed that this part of

the river is unpolluted, except for silt deposits. Again it is

probable that the high temperature was the cause of the lack of

salmonids.

September 25.

There was very little difference in the physical and chemical

conditions of this station for the September sampling period over

those of the previous months. There was one significant change

in that the temperature was about ten degrees lower than for August.

The D.O. was 9.0 p.p.m, saturation 92.9 percent, temperature 630 F.

and pH 7.5. The B.O.D. taken September 18, was 1.0 p.p.m. This
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later test was higher than for the previous months and indicates

there was more biological decomposition in the water. Rate of water

flow was about the same as for August, with 4400 C.F.S. being record-

ed at Salem.

There was a definite increase of fish and fish species collected

in September. Salmonids were observed at this station, for the first

time. A total of 49 fish were collected, including 10 species.

The numbers of each were as follows: 1 king salmon fingerling, 1

small whitefish, 5 course-scaled suckers, 2 chiselmouths, 4 squaw-

fish, 3 redsided shiners, 5 longnosed dace, 2 blacksided dace and

10 sculpins. The presence of salmonids, sculpins, and longnosed

dace are in agreement with the chemical and. physical data in reach-

ing the conclusion that the river is unpolluted. The stomach ana-

lysis of 18 fish, which included 8 of the 10 species, gave the

following results: 103 mayfly nymphs, 1 stonefly nymph, 5 caddis fly

larvae, 1 Chironomid larvae, 9 Chironomid adults, 7 blackfly larvae,

2 aquatic beetle larvae and the organisms found were similar to the

ones found in the bottom sample. The chemical and physical data

show this station to be about the same as for previous months, with

the exception of the lowered water temperatures. This lowering of

water temperature seems to verify the supposition that salmonids

prefer the cooler waters and this may be of considerable importance

in future observations, when relating the presence or absence of

certain fishes in relation to pollution.
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November 6.

Flood conditions existed during part of the month of October and

water had not lowered sufficiently for adequate sampling until Novem-

ber. The water on this date was considerably higher than for prev-

ious months, the rate of flow at Salem being 9900 C.F.S. This pre-

cluded seining and limited bottom sampling to some extent thus making

it difficult to compare the biological conditions with previous

months. Another influencing factor was the dredging operations

being done by a sand and gravel company. The changed bottom condi-

tions made it more difficult to seine fish and collect bottom organ-

isms. The physical and chemical data were as follows: Turbidity

present, D.O. 11.4 p.p.m., 99.0 percent saturation, pH 7.4, and

temperature 490 F. A B.O.D. was not recorded at this time, but

would probably be insignificant because of the high D.U. and low

temperature prevailing. The numbers and species of fish were fewer

than collected in the September sample and only one sculpin and 5

longnosed dace were obtained to represent the cleaner water forms.

The total count was as follows: 2 mountain suckers, 11 redsided

shiner, 5 longnosed dace, and 1 sculpin. In stomach analysis of

11 of the 20 available fish, the following is an account of the

stomach contents: 22 mayfly nymphs, 5 stonefly nymphs, 2 caddis fly

larvae, 5 Chironomid larvae, and 2 terrestrial forms of insects.

This indicates somewhat of a decrease in available food supply in

comparison with previous months, which was also noticeable in the

square-foot samples.
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Figure 20: Oncorhynchus kisutch, Salver salmon (adult)

Figure 21: Le parnis gibbosuq, Pumpkinseed=.
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Station 2, Below Eugene.

July 12

This station appeared heavily polluted at this time because of

the marked turbidity and coloration of the water caused by sewage

and cannery wastes. The water was red in color due to beet wastes,

and there was much suspended material from cannery and sewage wastes.

The bottom was covered with a slimey growth caused by bacterial de-

composition. Except for a high temperature reading, however, the

chemical data indicated the station to be in a favorable condition

for fishes. At 4:10 p.m., the D.O. was 8.3 p.p.m., saturation 97.5%,

pH 7.1, and the water temperature 74.50 F. The B.O.D. taken July

25 was 1.7 p.p.m., which is indicative of the organic material pre-

sent. The high temperature would probably limit the number of

species of cool water fishes present. The seining conditions were

excellent and most of the available species were probably collected.

A total of 30 fish were collected which included 6 species. They

were as follows: 1 mountain sucker, 8 squawfish, 8 redsided shiner,

6 longnosed dace, and 2 sculpins. This represents more facultative

types than clean-water forms and shows a trend towards the pollu-

tional side. In analyzing the stomachs of 21 of the 30 fish, the

following insects were counted: 32 mayfly nymphs, 2 stonefly nymphs,

6 caddis fly larvae, 540 Chironomid larvae, 157 Chironomid adults,

2 small fish and some algae. This indicates the preferred species

of aquatic insects to be present, but apparently in fewer numbers

than at Station one. Chemically the river is satisfactory, physi-

cally it is near the pollutional zone, because of turbidity, color,
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and organic debris. Biologically it is tending towards the pollu-

tional side, as indicated by the lesser numbers of clean-water

fishes and an increase of the facultative species of fishes. There

is also a lesser number of clean-water bottom organisms and an

increase of the facultative types as shown by the stomach analysis.

August 21.

The August survey indicated a critical level of pollutional

conditions at this date. The chemical and physical tests show the

water to be on the verge of going to the pollutional side. The tests

were run at 3:00 p.m. and results were as follows: D.O. 6.7 p.p.m

78.8% saturated, pH 7.5, and water temperature 750 F. Turbidity

and debris were more pronounced than for the July sample. The

0

B.O.D. for August 14 was 2.4 p.p.m; the fish collection indicates

an increase of both numbers and species over July, but only of the

facultative types. The total number collected was 45, which in-

cluded 10 species. They were as follows: 1 course-scaled sucker,

4 chiselmouth, 5 Columbia River chub, 10 squawfish, 3 redsided

shiner, 15 largemouth black bass, 1 smallmouth black bass, and 2

sculpins. In the stomach analysis of 21 fish, which included 6

species, the following types of insects were noted: 26 mayfly nymphs,

1 stonefly nymph, 4 caddis-fly larvae, 33 Chironomid larvae, 1 Chir

onomid adult, and 2 terrestrial forms, along with some algae. Of

the chemical and physical data the D.O. and pH were representative

of clean water but increased B.O.D. and turbidity were indicative

of polluted waters. Biologically, the river appeared in fair
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condition. Only a few of the clean-water forms of fish were present,

the rest being of the facultative type and those preferring warmer

waters. Some of the clean-water forms of insects were present in

the stomach analysis, but were fewer in numbers than during July.

September 25.

As in Station one, the river appeared in better condition than

for the month of August. There was an improvement in the physical

and chemical data. The D.O. was 8.0 p.p.m., saturation 83.4%, water

temperature 640 F., and pH 7.4. The B.O.D. taken September 25 was

3.3 p.p.m., which was higher than in August. The turbid condition,

the slimey growth, and bacterial growth was still present. Fishes

were numerous with small, king salmon and small, largemouth black

bass being the most abundant. A total of 187 fish were collected, but

150 released. Sixty king salmon fingerlings, 75 largemouth black

bass and several squawfish were released. Those fishes collected

were: 4 mountain suckers, 1 Columbia River chub, 2 squawfish, 2 red-

sided shiners, 2 longnosed dace, 4 blacksided dace, 9 largemouth

black bass, 2 small-mouth black bass and 14 sculpins. Other than

the relatively high B.O.D., heavy turbidity and red coloring of the

water, the station appeared to be in the recovery stage. Since

much of the bottom life was being smothered by the settling debris,

the station at this time probably could not be classed as non-

pollutional water. Biologically the river appeared to be in fair

condition. In the stomach analysis of 18 fish, including 5 species,

the following insects were counted: 18 mayfly nymphs, 50 Chironomid
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larvae, 336 Chironomid adults, 1 black-fly adult, 1 aquatic beetle

adult, 66 termites (terrestrial forms) and 1 fish. There was a de-

crease in the mayfly, stonefly and caddis fly groups, over the Aug-

ust survey and probably indicated the effects of smothering caused

by settling debris.

November 6.

Despite the high water in October this station was still turbid

and the bottom was covered with the slimey growth of bacteria (Sphaero-

tilus, sp.). The chemical analysis indicated the river to be un-

polluted on this date. At 4:30 p.m. the D.O. was 11.2 p p.m., 99%

saturated, pH 7.5, and water temperature 500 F. The B.O.D. was not

available for the month of November. Turbidity and the growth on

the bottom probably limited the bottom fauna to some extent. A

sand and gravel concern was removing gravel from the area where pre-

vious seining had been done, making it more difficult for collecting

fish. A total of 33 fish were obtained and included 9 species. The

numbers of each were as follows: 2 king salmon fingerling, 1 white-

fish, 1 mountain sucker, 1 squawfish, 6 redsided shiner, 15 long-

nosed dace, 4 blacksided dace, and 3 sculpins. There was a decrease

in the numbers of preferred clean-water species. They were in suf-

ficient numbers, however, to indicate that biological conditions were

satisfactory. In stomach analysis of 18 fish, which included 7

species, the following insects were counted: 13 mayfly nymphs and

65 adults, 2 stonefly nymphs, 4 caddis-fly larvae, 5 Chironomid

larvae and 35 Chironomid adults, 30 miscellaneous diptera, 100
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termites and 14 other terrestrial forms, along with some algae. Only

the turbidity and color of the water was indicative of pollution at

this period. Chemical and biological observations indicate that

the river was satisfactory as fish habitats,

Station 3, Hayden Bridge, McKenzie River.

July 12

The McKenzie River at this location was one of the cleanest

areas encountered from appearance and chemical conditions. The D.O.

at 11:15 a.m. was 9.6 p,p.m., saturation 96%, pH 7.1, and water

temperature 600 F. The B.0,D. for July 25 was 0.9 p.p.m. Bottom

conditions limited seining because of large boulders and the deep,

clear water. The following fish were collected: 18 king salmon

fingerlings, 1 longnosed dace, and 7 sculpins. Ten of the 26 fish

were analyzed for food organisms and the following insects counted:

1 stonefly nymph, 218 Ghironomid larvae and 14 adults, 119 blackfly

larvae and pupae, 5 beetle larvae, and 20 terrestrial forms. Chemi-

cal and physical data show the river to be unpolluted, with the

exception of a B.O.D. reading which is higher than would be expected

from a river of this type. The fish of the preferred species were

present, but the stomach analysis indicated some scarcity of food

organisms, which was substantiated by the square-foot sample. This

later condition could have been caused by a shifting of bottom

conditions.
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Figure 22: Yrosopium oregonium, Oregon whitefish
(young)
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Figure 23: Salmo clarki clarki, Coastal cutthroat
trout
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August 21

Conditions were about the same as for those of July, except for

an increase in bottom fauna. At 10:30 a.m. the D.O. was 8.1 p.p.m.,

79.5% saturation, and water temperature 590 F. The B.O.D. for

August 14 was 0.6 p.p.m. The following fish were collected: 4 king

salmon fingerlings, 3 rainbow trout fingerlings, 2 squawfish, 9

longnosed dace and 12 sculpins. in the stomach analysis of 13 fish,

which included all the specimens collected, the following insects

were counted: 79 mayfly numph, 12 stonefly nymphs, 13 caddis-fly

larvae, 231 Chironomid larvae and 211 adults, 31 blackfly larvae and

11 adults, and 4 terrestrial forms. This indicated an improvement

over the previous month and the bottom count of invertebrates sub-

stantiates this observation. it was possible to conclude that this

station was chemically, physically and biologically unpolluted at

this date.

September 14

This station was comparable to the August samples, physically,

chemically, and biologically. The chemical data at 11:00 a.m. was

as follows: D.O. 10.1 p.p.m., saturation 92.6%, pH 7.7, and water

temperature 550 F. The B.O.D. for September 18 was 0.8 p.p.m. A

total of 15 fish was collected and included 5 species. These were

as follows: 1 king salmon fingerling, 5 rainbow trout fingerlings,

2 longnosed dace and 7 sculpins (2 species). in the stomach

analysis of 12 of the 15 fish, including 4 of the 5 species, the

following insects were counted: 19 mayfly nymphs, 1 stonefly nymph,
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2 caddis-fly larvae and 6 adults, 89 Chironomid larvae and 59 adults,

31 black-fly larvae, 1 miscellaneous diptera, and 61 adult terres-

trial forms. Fish counts and food analysis were nearly the same as

for August and it can be assumed that this station was unpolluted at

this date.

November 6

Considerable change had occurred by this date, resulting from

the October freshet. Bottom gravel had been shifted and the water

was considerably higher than for previous months. Chemically the

water was in excellent condition: the D.O. was up to 12.5 p.p.m.,

saturation 105%, pH 7.3, and water temperature 46° F. The B.O.D.

was not taken for this month. Seining was difficult because of high

water and fishes were limited in numbers and species. Only four fish

were collected and included only 3 species, 1 longnosed dace and 3

sculpins (2 species). Three of the four fish were analyzed for food

organisms and 1 mayfly nymph, 1 Chironomid larvae and some algae

were found. Square foot samples indicated a scarcity of food organ-

isms as did the stomach analysis. This could have been caused by a

shifting of the bottom.

Station 4, Old ferry crossing below Hayden Bridge, McIenzie River.

July 12

This station, located about 2 miles below the discharge point

of the Springfield Weyerhaeuser mill sewer, was nearly comparable to

the station above. Chemically, physically and biologically the river
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could not be rated in the pollutional category. The D.O. was 9.8

p.p.m., saturation of 100%, pH 7.4, and water temperature 620 F. As

for physical conditions there was some bacterial growth on the bottom

and also a very slight disagreeable odor present in the area.

Species of fish and total numbers were comparable with the station

above. A total of 28 fish, divided among 5 species, were collected.

There were: 15 king salmon fingerlings, 1 squawfish, 4 longnosed

dace, 4 blacksided dace, and 4 sculpins. Eighteen fish, including

representatives of all available species, were analyzed and food

organisms were as follows: 1 mayfly nymph, 1 stonefly nymph, 257

Chironomid larvae and 198 adults, 12 black-fly adults, 4 miscellan-

eous diptera, 65 adult terrestrial forms, 8 spiders, and 1 claw of a

crayfish. Except for the organic growth on the bottom this station

was definitely in the non-polluted category.

August 21

Chemical data indicated this station to be slightly abnormal.

The station was not polluted in the sense that it was detrimental to

fish habitat, but there was probably some inimical effects to bot-

tom fauna. The D.O. was 7.2 p.p.m., saturation 72.8%, pH 7.6, and

water temperature 610 F. The B.O.D. for August 14 was 1.3 p.p.m.

The lowered saturation and relatively high B.O.D. were indicative of

some decomposition caused by oxidation of organic matter. The col-

lection of fish consisted of 6 species and the total number was 25.

Numbers of each species were as follows: 2 king salmon fingerlings,

1 coastal cutthroat trout fingerling, 1 squawfish, 4 longnosed dace,
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and 7 sculpins (2 species). In analyzing the stomachs of 12 fish,

including all species collected, the following food organisms were

recorded: 19 mayfly nymphs, 4 stonefly nymphs, 18 caddis-fly larvae,

24 Chironomid larvae and 41 adults, 3 beetle larvae, 1 miscellaneous

Diptera, 22 terrestrial forms, and some debris (leaves and sticks).

Other than the slight odor caused by the mill effluent and the growth

of bacterial slime on the bottom it was concluded that the station

was not polluted. Chemically the area was satisfactory and the pre-

ferred species of fish and aquatic organisms were present.

September 14

The September samples were similar to the conditions present in

August. There was some improvement of available D.O. and also in

the preferred fish food organisms. The chemical data were as fol-

lows: D.O. 10.0 p.p.m., saturation 92.5%, pH 7.8, and water temper-

ature 550 F. The fish collection consisted of the following: 4 king

salmon fingerlings, 3 chiselmouth, 8 redsided shiners, 11 longnosed

dace, and 7 sculpins (2 species). Stomach analysis gave the fol-

lowing results: 184 mayfly nymphs, 7 stonefly nymphs, 5 caddis-fly

larvae, 768 Chironomid larvae, 6 black-fly larvae, 4 Sialid adults,

and 213 terrestrial forms. Sixteen of the 33 fish collected, includ-

ing representatives of all species, were analyzed for food organisers.

Chemical and biological data indicated that this station on this date

was in an unpolluted condition. The presence of a slight growth of

Sphaerotilus caused slight abnormal bottom conditions. Seining was

also done several miles below this station at Coburg Bridge and young
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king salmon were very numerous.

November 9

The only evidence of a pollutional nature was the physical con-

dition of the bottom. There was a thin layer of micro-organisms

growing on the rocks, and there was also a slight offensive odor

present, apparently caused by the mill effluent. The results of the

chemical data were: D.O. 11.7 p.p.m., saturation 98;x, pH 7.4, water
0

temperature 46 F. The water volume was higher than for previous

months and seining was more difficult. only 8 fish were collected

and this included 4 species. They were as follows: 1 king salmon

fingerling, 3 longnosed dace, 2 blacksided dace, and 2 sculpins.

The stomach analysis was somewhat similar to the September sample

with the exception of a lack of Chironomid larvae. Seven of the

8 fish collected were analyzed and this included all species avail-

able. The food count was as follows: 78 mayfly nymphs and 7 stone-

fly nymphs.

Station 5 (Above Corvallis)

July 13

Conditions at this station were favorable at this date. The

results of the chemical data taken at 3:55 p.m. were: D.C. 8.2

p.p.m., saturation 93%, pH 7.2, and water temperature 71.50 F. The

B.O.D. taken July 25 was .6 p.p.m. The water was clear and bottom

conditions were satisfactory. The fish collection was comprised of

the following species: 8 king salmon fingerlings, 1 coarse-scaled
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Figure 24: Ameiurus nehulosus, Brown bullhead

Figure 25:: Gasterosteus acu.leatus microcephalus,

Three-spined stickleback.
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Figure 26: Acrocheilus alutaceus, chiselmouth.
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Figure 27; Rhinichthys nubilus nubilus,
Blacksided dace.
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sucker, 3 mountain suckers, 19 squawfish, 2 falcate dace, and 2 scul-

pins. The stomach analysis of 17 of the 35 available fish, including

5 of the 7 species, resulted in the following numbers of insects: 76

mayfly nymphs and 26 adults, 2 stonefly nymphs, 2 caddis-fly larvae,

175 Chironomid larvae and 24 adults, 3 aquatic beetle larvae and 3

adults, 1 Elmidae larvae, and some algae. There was no chemical or

physical indication of pollution and the biological picture was in

agreement with this data.

August 17

This was the critical period for the monthly samples because of

low water volume, but the station remained in satisfactory condition.

The results of chemical tests taken at 4:55 p.m. were as follows:

D.O. 6.6 p.p.m., saturation 73.40, pH 7.6, and water temperature

700 F. The B.O.D. taken at the Corvallis bridge, August 14, was 1.5

p.p.m. This later test indicates that there was decomposition of

organic matter occurring. These tests were not indicative of marked

pollution. The fish collected were similar to the previous month

and indicated the habitat was suitable for the preferred species of

fish. Seining results were as follows: 3 king salmon fingerlings,

3 whitefish fingerlings, 2 coarse-scaled suckers, 6 mountain suckers,

1 chiselmouth, 19 squawfish, 1 falcate dace and 2 sculpins. Stomach

analysis indicated that the preferred types of aquatic insects were

present and being utilized for food. Fifteen fish, including 4 spec-

ies were analyzed and the number of food organisms counted were as

follows: 111 mayfly nymphs, 3 caddis-fly larvae, 66 Chironomid
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larvae and 6 adults, and 5 adult terrestrial forms. None of the

tests other than the B.O.D. count gave a definite indication of

pollution and the preferred species of fish and aquatic insects

were present in sufficient numbers to indicate that conditions were

satisfactory.

September 25.

Conditions were similar to the August sampling period and the

results of chemical tests were as follows: D.O. 8.7 p.p.m., satura-

tion 87.0%, pH 7.5, water temperature 600 F. The B.O.D. reading

taken at the Corvallis bridge on September 18 was 1.8 p.p.m. Sein-

ing conditions were excellent and the following species of fish were

obtained: 6 king salmon fingerlings (45 were released), 6 whitefish,

3 coarse-scaled sucker, 7 mountain suckers, 12 chiselmouth, 22 squaw-

fish, 4 redsided shiner, 5 longnosed dace, 1 blacksided dace, 1

yellow bullhead, 9 largemouth black bass, 3 white crappie and 17

sculpins (2 species). Fifteen of the 38 fish collected were analyzed

for food organisms. Four of the 7 species present were included in

the analysis. The insects found were as follows: 73 mayfly nymphs,

1 stonefly nymph, 12 caddis-fly larvae, 122 Chironomid larvae, and

52 adults, 1 aquatic beetle larvae, 2 miscellaneous diptera, 2 Hymen-

optera, 1 Homoptera, 1 Hemiptera, 1 spider, approximately 1200 clado-

cerans and 1 fish. The cladocerans were taken from 2 of the white

crappies. None of the tests were indicative of polluted waters and

this station should be classed as one of the clean-water areas of the

river.
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November 9

Water volumes were higher than for previous months, but condi-

tions appeared to be about the same as for previous tests. The tests

were taken at 3:00 p.m. and gave the following results: D.O. 10.0

0
p.p.m., saturation 87.0/, pH 7.3, and water temperature 49 F. The

B.O,D. was not taken for this month. Fish collecting was more diffi-

cult than previous months but the clean-water forms were present

and a few were collected. The species, with numbers of each, were

as follows: 1 king salmon fingerling, 1 rainbow trout, 1 whitefish,

3 coarse-scaled suckers, 2 mountain suckers, 2 squawfish, 2 falcate

dace, and 1 sculpin. Nine of the fish were analyzed for food organ-

isms, including 6 of the 7 available species. The following were the

numbers of insects counted: 15 mayfly nymphs, 3 stonefly nymphs, 2

caddis-fly larvae, 3 Chironomid larvae, 3 aquatic beetle larvae,

7 adult miscellaneous diptera and 1 larvae, 4 homoptera, and 2 ants.

This station remained clear and unpolluted throughout the entire

summer. The chemical tests indicated a slight lowering of normal

conditions in August, but of no detrimental consequence.

Station 6, Albany

July 13

This station was chemically and physically similar to Station 5,

Corvallis. The data taken indicated that the area was in fair condi-

tion. The chemical tests and results taken were as follows: D.O. 7.3

p.p.m., saturation 81.x, pH 7.4, and water temperature 700 F. The

B.O.I. for July 25 was 1.4 p.p.m. The fish collected were not as
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Figure 28: Entosphenus tridentatus tridentatus,
Pacific or three-toothed lamprey.

Figure 29: Catostomus macrochilus, Columbia
coarse-scaled sucker.
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indicative of clean water conditions as at Station 5. No salmonids

were caught or observed at this time. The fish collected were as

follows: 18 squawfish, 4 falcate dace, and 1 sculpin. Twelve fish,

including all species collected, were analyzed for food organisms

and the results were: 109 mayfly nymphs, 4 stonefly nymphs, (stone-

fly nymphs were observed only during November by handpicking and

square-foot sampling), 2 caddis-fly larvae, 3 Chironomid larvae,

3 aquatic beetle adults, 1 miscellaneous diptera larvae and 8 adults,

4 Homoptera, and 2 ants. Chemically the water was suitable for the

preferred species of fish. The cause for the lack of salmonids is

unknown. Physical tests indicated a slight growth on rocks and

bottom, resulting from organic decomposition. The B.C.D. reading

indicate there was considerable organic material present in the

water. The fish collection indicate some thing abnormal or possibly

the salmonids were present but not caught.

August 17

Conditions were similar to those found at Station 5 in August.

This was the most critical period of the year for this area. The

D.4, was 6.8 p.p.m., with a saturation of 75.5%, the pH 7.5, and

0
water temperature 70 F, at 1:40 p.m. The B.C.D. for August 14

was 2.2 p.p.m. Species of fish and total numbers collected were

greater than for the previous month. The following was the number

of each species obtained: 13 coarse-scaled suckers, 5 mountain

suckers, 1 chisel-mouth, 14 squawfish, 1 longnosed dace, 3 large-

mouth black bass, and 1 white crappie. The stomach analysis of 16
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of the 37 fish collected, including 3 of the 6 species, gave the

following results: 13 mayfly nymphs, 2 caddis-fly larvae, 20 Chirono-

mid adults, and 56 cladocerans. Except for the high B.O.D. reading,

the station appeared to be in good chemical and physical condition.

Similar to the July conditions, there was a lack of salmonids. Bio-

logically, the lack of salmonids, sculpins and stonefly nymphs in-

dicated a possible polluted condition at this date.

September 24

Sampling data indicated an improvement over the previous months.

Chemical data obtained at 2:00 p.m. were as follows: D.O. 9.5 p.p.m.,

saturation 98.0%, pH 7.6, and water temperature 630 F. The B.O.D.

for September 18 was 1.6 p.p.m. Inspection of the river bottom

showed the rocks to be cemented and a silty debris settling on the

bottom. Suckers and squawfish were the predominate fishes, several

of each species being released. Species collected were as follows:

3 king salmon fingerlings, 7 coarse-scaled suckers, 19 mountain

suckers, 5 squawfish, 2 longnosed dace, 3 falcate dace, 4 yellow

bullhead, 7 largemouth black bass, (20 were released), 2 bluegill

sunfish, 8 white crappie and 7 sculpins. Stomach analysis indicated

an increase of food organisms. A total of 26 fish, including 9 of

the 11 species present, were analyzed and the following insects

counted: 260 mayfly nymphs, 2 stonefly nymphs, 6 caddis-fly larvae,

129 Chironomid larvae and 17 adults, 1 aquatic beetle larvae, 1

miscellaneous Diptera larvae, 3 homoptera, 2 Hymenoptera, 2 terres-

trial forms and 9 fishes. From data gathered it could be assumed
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Figure 30: Ptycocheilus oregonense, Columbia squaw-
fish.

Figure 31: Pomoxis annularis, White crappie.
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that this station was in favorable biological condition. The return

of stonefly nymphs, sculpins and the presence of king salmon indicat-

ed the improved condition over the month of August.

November 9

Chemical and physical conditions were better than those of pre-

vious summer months. The tests were taken at 8:05 a.m. and results

were as follows: D.O. 10.4 p.p.m. which was at 92/. saturation, pH

7.3, and the water temperature had dropped to 500 F. No B.O.D. was

available for this period. Seining conditions were good and the

following species of fish were collected: 4 king salmon fingerlings,

9 whitefish, 7 coarse-scaled suckers, 13 mountain suckers, 1 chisel-

mouth, 3 squawfish, 1 longnosed dace, 1 blacksided dace, 2 falcate

dace, 8 largemouth black bass, 8 white crappie and 5 sculpins. Re-

sults of stomach analysis indicated fewer food organisms than were

present the previous month. Twenty-two fish, including 9 species

were analyzed and the number of food organisms found were: 5 mayfly

nymphs, 8 stonefly nymphs, 3 caddis-fly larvae, 1 Chirono_mid larvae,

and 5 adults, 7 aquatic beetle adults, 1 miscellaneous Diptera, 1

terrestrial form and 1 fish. None of the tests were indicative of

pollution and this station should be classed as suitable habitat for

the preferred species of aquatic life.
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Station 7 (South Fork Santiam Above Lebanon)

July 13

This station was very clean in appearance and none of the tests

were indicative of pollutional waters. Apparently due to the im-

poundment of the water by the dan,water temperature was higher than

salmonids prefer. The chemical tests taken at 1:00 p.m. were as

follows: D.O. 8.5 p.p.m., with a saturation of 97.5%, pH 6.8, and

water temperature 730 F. No B.O.D.'s were available for this station

for any of the months. Fish species were relatively scarce consider-

ing the clean-water conditions. On June 21, a collection of fish were

obtained at this station and included whitefish, salmon, squawfish,

suckers, redsided shiner and rainbow trout. The collection for July

13 was as follows: 9 squawfish, 4 longnosed dace, and 6 sculpins (2

species). A few large adult salmon were seen but were not caught.

Stomach analysis of 14 fish including all species collected gave the

following results: 9 mayfly nymphs and adults, 1 stonefly nymph, 12

Chironomid larvae, 1 miscellaneous Diptera, 1 terrestrial form and

1 fish. Chemically, physically and biologically this station was

classed as unpolluted. High water temperature may have been the

cause of salmonids being absent.

August 15

Conditions were comparable to the previous month. The chemical

data were taken at 12:15 p.m. and the results were as follows: D.O.

7.1 p.p.m., with a saturation of 80.6%, pH 7.3, and water temperature

720 F. Seining conditions improved somewhat over that of July and a
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few more species of fish were collected. They were as follows: 1

rainbow trout, 6 squawfish, 1 longnosed dace, 12 redsided shiner, 2

blacksided dace, and 1 sculpin. Eleven of the 23 fish were analyzed

for food organisms. These included all species collected. The

following contents were counted: 9 mayfly nymphs and 64 adults, 4

stonefly nymphs, 9 caddis-fly larvae, 78 Chironomid larvae, and 24

adults, 11 black-fly larvae, 1 aquatic beetle larvae, 1 terrestrial

form and some algae. Results show this station to be in satisfactory

condition and was classed as non-polluted.

September 14

The appearance of this station was about the same as for the

previous two months. There was an improvement of water conditions,

as judged by chemical data. The D.O. at 3:15 p.m. was 8.0 p.p.m.,

with a saturation of 88%, pH 7.7 and the water temperature 690 F.

The pH is slightly higher than expected; the cause was unknown.

There was a slight improvement of seining conditions, and the follow-

ing species were collected: 4 rainbow trout, 6 squawfish, 8 red-

sided shiner, 2 longnosed dace, 7 blacksided dace, and 9 sculpins.

Stomach analysis of 21 fish, including 9 of the 11 available species,

resulted in the following counts: 26 mayfly nymphs and 1 adult, 14

caddis-fly larvae, 37 Chironomid larvae and 7 adults, 3 aquatic

beetle larvae, 8 terrestrial insect forms, 2 Gastropods and some

algae. Taking all tests into consideration this station was con-

sidered to be unpolluted at this period.



'77

r'nr"-Ntl

onmmmmonimmiin

I

V.F

flu
'V

a

Figure 32:IRichardsonius bAlteatus balteatus,
IRedsided shiner

11

t

11

w

Figure 33: Cyprinus carpio, Carp.



78

November 9

The October freshet improved the chemical and physical condi-

tions of the station. The D.C. at 9:15 a.m. was up to 11.3 p.p.m.,

and a saturation of 95%, the pH 6.7 and the water temperature down

0
to 48 F. Water was considerably higher than for previous sampling

periods and hindered seining to some extent. The following numbers

of each species of fish were collected: 1 rainbow trout, 2 squawfish,

2 redsided shiner, 1 blacksided dace, and 7 sculpins (2 species).

Ten of the 13 fish were analyzed for food organisms, including 5

species. Insect counts were as follows: 13 mayfly nymphs, 38 caddis-

fly larvae, 8 Chironomid larvae and 8 aquatic beetle larvae. The

biological conditions appear to be about the same as for the prev-

ious month and this station was classed as non-polluted.

Station 8 (South Santiam River at Crabtree Bridge)

July 13

This station was an ideal study area for watching the transi-

tion of clean water go through the pollutional stage and back to the

recovery zone. The July samples were taken at the going-out stage

and conditions were becoming very unfavorable for all the clean-

water forms of aquatic life. Some of the pollutional forms of

aquatic life, such as tubificids, red larval Chironomids and sewage

fungus (Sphaerotilus, sp.) were present. The chemical tests gave the

following results: D.O. 2.2 p.p.m., with a saturation of 24.4%, pH

7.5 and water temperature 700 F. The B.C.D. for July 25, was 19.3

p.p.m., which was indicative of exceedingly high organic load in the
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river. This B.O.D. reading was probably a little higher than if the

B.O.D. had been taken on the 13th, because the D.U. reading for the

25th was 0.0 p.p.m., whereas on the 13th there was a J.O. of 2.2

p.p.m. Extensive seining was done and results were very poor. The

following numbers of species were collected: 1 king salmon finger-

ling, 6 squawfish, l redsided shiner, and 5 blacksided dace. The

finding of the small king salmon was very unusual in an area of this

type. The fact that only one was caught after extensive seining in-

dicates that salmon were not present in great numbers. Stomach ana-

lysis of 10 of the 13 fish collected, including all species obtained,

indicated an absence of normal insect groups. The following organ-

isms were counted: 233 Chironomid larvae and 44 adults, 4 blackfly

adults, 1 miscellaneous Diptera, and 1 terrestrial form. All tests

were indicative of pollution and as compared to Station 7 there was

a very significant pollutional change.

August 15

Pollutional conditions had progressed to a very critical level

by this period. The chemical tests gave the following results: D.O.

in the middle of the river 0.0 p.p.m., and along the shore line where

there was an abundant growth of algae it was 1.9 p.p.m. The satura-

tion was 0% in the middle and 21.3% along the shore line. The pH

was 6.6 and the temperature 70° F. The B.O.D. was up to 25.8 p.p.m.

The bottom was covered by a layer of black, slimey growth of micro-

organisms. The only fish collected or observed were along the shore

line and most of these could be seen skimming the water's surface
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where there was some dissolved oxygen. The following is a list of

species and numbers of each collected: 6 coarse-scaled suckers, 1

mountain sucker, 2 chisel-mouth, 11 squawfish, 4 redsided shiner, 2

longnosed dace, 26 blacksided dace and 1 threespined stickle back.

All of this fish would probably be classed as facultative forms.

Stomach analysis was performed on 15 of the 52 available fish and

included 4 of the 8 species collected. The results were as follows:

78 Chironomid larvae and 40 adults, 3 adult blackflies, 1 oligocheata,

57 larval mosquito larvae, 6 amphipods, and some algae. Both fish

species and the food organisms from the stomach analysis were in-

dicative of the adverse biological conditions present at this sta-

tion. Also, chemically and physically the station was definitely in

a heavy pollutional stage.

Sew. tember 13

There was no improvement over the August sample at this date.

The chemical and physical data were nearly identical and tests re-

sulted in the following readings: D.C. zero p.p.m. at the center

of the stream, and 2.0 p.p.m. near the shore line where there was

a heavy growth of algae. The pH was 6.6 and the temperature was

650 F. The B.Q.D. for September 6 was 12 p.p.m. and for November

11, was up to 25 p.p.m. It is probable that the reading for Septem-

ber 13 was somewhere between these two recordings. There was still

a heavy growth of decomposing organic bacterial growth covering

the bottom and the water appeared black in color because of the re-

flection from the bottom. Fish were less abundant than the previous



81

month and the collection was as follows: 11 larval pacific lampreys,

7 squawfish, and 3 redsided shiner. Lampreys were emerging from the

gravel and swimming about in apparent distress. The small squawfish

and shiners were near the shore line and all skimming the surface.

This indicates that squawfish, lamprey larvae and redsided shiners

were quite tolerant to polluted waters that were low in D.J.

The stomach analysis of 8 of the 12 fish collected, excluding

the lampreys, gave the following results: 4 Chironomid larvae and

6 adults, 3 amphipods, 23 mosquito larvae and 1 miscellaneous Dip-

tera. The fact that none of the preferred species of aquatic in-

sects were present, like those found at Station 7, at this date,

substantiates the data obtained from the bottom sampling. It can

be definitely stated that this was a period of high pollution and

that conditions were detrimental to fish life and to clean-water

forms of aquatic life in general.

November 9

The October freshet resulted in a definite improvement of this

station. Chemically, the water was much improved over previous

months. At 10:45 a.m., the D.C. was up to 8.8 p.p.m., saturation

75.8% and the water temperature down to 480 F. The pH was still

down to 6.7, which indicated a slight abnormal condition. Physical

conditions were still indicative of the pollutional effects caused

by the heavy growth of micro-organisms on the bottom. Aquatic life

had not returned to normal, and extensive seining resulted in only

1 fish, this was a young king salmon fingerling. No other fish were
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observed and the salmon was probably on its migration to the ocean.

This lack of fishes and other favorable aquatic organisms pointed

out the one definite advantage of the biological index method. For

even when the chemical tests indicate the water to be in satisfactory

condition, pollution or some other factor may have caused serious

damage to the area at some previous time. When bio-indices are

used in conjunction with the chemical and physical tests, a more

complete picture is obtained. Stomach analysis of the one fish in-

dicated some recovery of preferred species of aquatic organisms.

There were 1 mayfly nymph, 1 caddis-fly larvae, 8 Chironomid adults

and 2 larvae present. This station could be classed as in the re-

covery phase as it had definitely gone through the critical period

of pollution and was returning toward a desirable fish habitat.

Station 9 (Independence)

July 20

This station appeared to be one of the richest biological areas

observed throughout the summer. The chemical and physical conditions

were satisfactory and the results of the tests conducted at 10:00 a.m.

were: D.O. 7.9 p.p.m. with a saturation of 87.6%, pH 7.1 and the

0
temperature was 70 F. The B.O.D. for July 26 was 0.6 p.p.m. Sein-

ing conditions were excellent and the following species of fish were

collected: 4 rainbow trout, 7 squawfish, 1 redsided shiner, 5 long-

nosed dace, 3 blacksided dace, 2 falcate dace, 1 largemouth black

bass and 13 sculpins (2 species). Stomach analysis were performed

on 27 of the 40 available fish, including all available species,
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The following food organisms were counted: 70 mayfly nymphs, 15

caddis-fly larvae, 701 Chironomid larvae and 122 adults, 1 beetle

larvae, 3 unidentified fish and some algae. Preferred species of

fish and aquatic insects were present and there was no indication

of pollution.

August 15

Conditions were similar to the July sampling period with the

exception of an increased water temperature. The chemical and physi-

cal data taken were as follows: D.O. 7.2 p.p.m., saturation 82.7%,

pH 7.6, and water temperature 73.50 F. The B.0.D. taken at the

Independence bridge on August 15 was 1.4 p.p.m. Seining conditions

were similar to the July period, but with some indication of a de-

crease in species and numbers of fish. The seining results were as

follows: 2 coarse-scaled suckers, 3 chiselmouth., 10 squawfish, 3

redsided shiners, 4 blacksided dace, 3 largemouth black bass, 1

bluegill, and 7 sculpins (2 species). Twenty-three of the 34

available fish, including 7 of the 9 species, were analyzed. The

results of the analysis were as follows: 10 mayfly nymphs, 7 caddis-

fly larvae, 142 Chironomid larvae, 102 adults, 1 dragon fly nymph,

1 Gastropod, 2 fish and some algae. No salmonids were observed, but

Cottids were numerous. High water temperatures may have resulted

in the lack of salmonids but other than this fact the station pro-

bably would be classed as unpolluted as judged from data gathered.
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September 24

Chemical tests indicated a slight improvement of water condi-

tions as compared with previous months. The results of the tests

were as follows: D.O. 8.7 p.p.m., saturation 88.8%, pH 7.5, and

water temperature 62
0

F. The B.O.B. for September 19 was 0.9 p.p.m.

Chemically and physically the station would be classed as unpolluted.

Fish collecting was similar to the August sample. The numbers

of each species collected were as follows: 1 coarse-scaled sucker,

1 mountain sucker, 2 chiselmouth, 17 squawfish, 3 redsided shiner,

12 longnosed dace, 3 blacksided dace, 1 falcate dace, 1 yellow bull-

head, 1 largemouth black bass and 11 sculpins (2 species). In ana-

lyzing 18 fish, including 8 of the 12 species, the following organ-

isms were counted: 2 mayfly nymphs, 11 caddis-fly larvae, 330 Chiro-

nomid larvae and 65 adults, 3 cladocerans, 1 Gastropod and 1 un-

determined organism. Biologically this station did not appear

polluted.

October 8

No chemical or physical data were obtained at this date. The

purpose of this sample was to determine if young salmon were migra-

ting towards the ocean. No salmon were observed at this station in

September when they were present upstream at Stations 5 and 6. Two

seine halls revealed the young king salmon as well as other species

of fish to be very numerous on this date.
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November 9

There was a definite improvement over the July, August, and

September sample. The freshet in October causing a marked improve-

ment in water conditions. The chemical tests gave the following

results: D.O. 10.1 p.p.m., saturation 87.7, pH 7.2, and water tem-

perature 490 F. No B.O.D. readings were available for this month.

Sampling was done above the original station about 100 yards and the

results were as follows: 4 king salmon fingerlings, 2 whitefish,

7 coarse-scaled suckers, 100 chiselmouth, 76 squawfish, 54 redsided

shiner, 1 yellow bullhead, 5 largemouth black bass, and 4 sculpins

(2 species). Twenty-six of the 252 fish, including 8 of the 9

species collected, were analyzed for food organisms and results were

as follows: 97 mayfly nymph, 12 stonefly nymphs, 37 caddis-fly lar-

vae, 5 Chironomid larvae and 16 adults, 4 aquatic beetle larvae, 57

aphids, 1 spider, several miscellaneous Diptera and 2 fishes. From

all data gathered it is quite evident that there was no pollutional

affects at this date.

Station 10 (Wheatland Ferry)

July 20

This station could probably have been classed as one that was

on the verge of going into the pollutional zone during July. Al-

thDugh there was an adequate D.O. for fish life, there were other

detrimental factors involved which limited some species. From the

chemical and physical data it could be concluded that this station

would have been suitable habitat for most of the fishes found in the
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river system. An abundance of salmonids would probably be limited

because of high water temperatures. Samples were conducted at l2:00

noon and results were as follows: D.O. 6.5 p.-p.m., saturation 75.5%,

pH 6,9 and water temperature 740 F. The bottom conditions were un-

favorable because of a bacterial growth, sediment, and debris cover-

ing the rocks, and the B.O.D. was 1.9 p.p.m. for July 26. Fish

collecting indicated a scarcity of the clean-water forms of fish, but

an abundance of the facultative forms. The following is a list of

the species collected: 1 king salmon fingerling, 1 mountain sucker,

4 chiselmouth, 6 squawfish, 9 redsided shiners, 4 longnosed dace, 10

blacksided dace, 3 falcate dace, 2 largemouth black bass, and 1

sculpin. In analyzing 26 of the 37 available fish for food. organ-

isms, including all species collected, the following organisms were

counted: 13 mayfly nymphs, 249 Chironomid larvae and 2 adults, 2

terrestrial forms, 6 Gastropods, 150 spiders, insect eggs, 6 fish

and some algae.

August 15

As for the other stations, august was the critical time for

pollution at this area. Tests indicated a decrease in favorable

water and biological conditions. The results of the chemical tests

taken at 3:15 p.m. were as follows: D.O. 6.2 p.p.m., saturation

72.1%, pH 7.2 and water temperature of 740 F. The B.O.D. for this

period was 1.8 p.p.m. Chemically and physically the area was nearly

unchanged, but there were noticeable changes in aquatic life. The

fish collection consisted of the following: 1 chiselmouth, 6
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Figure 36: 3almo gairdneri gairdneri, Rainbow trout

Figure 37: Salmo ga.irdneri, Steelhead.
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squawfish, 14 redsided shiner and 2 falcate dace. All of the clean

water forms of fish had disappeared and only the more tolerant forms

remained. Eleven of the 23 available fish, including 3 of the 4

species, were analyzed and counts of food organisms were as follows:

2 caddisfly larvae, 6 Chironomid larvae, 3 Gaimnarus, 1 fish and

some algae.

September 15

Conditions remained about the same as for the previous month,

with the lowering of water temperature the only significant change.

Tests were taken at 1:30 p.m. and results were as follows: D.O.

6.1 p.p.m., saturation 66.4%, pH 7.1, and water temperature 680 F.

The B.0.D, for September 19 was 1.9 p.p.m. The fact that there was

a lowered temperature and yet no increase in the available D.O. in-

dicates that there was probably more decomposition than was present

for the previous month. The fish collectively improved and there

was an increase in the species as well as in total numbers present.

Adult or larvae collected were as follows: 1 adult lamprey (apparent-

ly a new species), 11 coarse-scaled suckers, 2 chiselmouth, 3 Colum-

bia River chub, 32 squawfish, 8 redsided shiners, 2 longnosed dace,

1 blacksided dace, 8 falcate dace, 2 yellow bullhead (others were

observed) and 3 sculpins. Stomach analysis of 26 fish, including

9 of the 10 available species, still indicated a scarcity of food

organisms. The results of the analysis were as follows: 1 Chirono-

mid larvae, 4 terrestrial forms, 1 water mite, 54 crustaceans (2

species) and 60 plant seeds.
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October 8

A special seining trip was made as for Station 9 to determine if

salmonids were present. No physical or chemical data were obtained,

because of insufficient time. Fish were very numerous, and king

salmon fingerlings were abundant as at Station 9. This resulted

from the freshet and lowering of water temperatures. It is thought

that water temperatures play an important role in the migration of

the young salmon downstream at this time of year.

November 8

A definite improvement over previous conditions could be ob-

served at this time. Chemically the river was very much improved.

The D.O. was up to 9.2 p.p.m., with a saturation of 81.4%. The pH

0
was 7.1 and temperature had dropped to 50 F. Bottom conditions

were not normal in that debris covered the rocks in the forms of

sewage wastes and growths of micro-organisms.

Water was several feet higher than for previous sampling per-

iods, but the fish collections were similar to the September sample.

The species collected were as follows: 1 Pacific lamprey (larval

form), 2 coarse-scaled suckers, 6 mountain suckers, 3 longnosed

dace, 4 blacksided dace, 2 falcate dace and some sculpins were

observed, but could not be caught. However, no king salmon were

found. Stomach analysis were indicative of a food shortage. The

food organisms counted from 9 fish, including 4 species were as

follows: 2 Chironomid larvae, 1 terrestrial form of insects, 10

crustaceans and some algae.
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Station 11 (Butteville).

July 26

The results of the tests taken at 2:00 p.m. indicated a definite

pollutional effect in this area. The available D.O. was down to

3.4 p.p.m., with a saturation of 50.6%, the pH was 6.8, and water

temperature 730 F. The B.O.D. was taken at Champoeg, about 3 miles

above Station 11, July 26 and the reading was 3.7 p.p.m. No riffles

were in this area and fish collecting was quite difficult because of

deep water. Hundreds of small minnows were observed at this time,

but were mostly of 2 or 3 species. The fish collected were as

follows.. 22 coarse-scaled suckers, 12 Columbia River chub, 20 squaw-

fish, 1 yellow bullhead and l largemouth black bass. Of the 55 fish

collected, 13 were analyzed to determine if food other than that

which was found by handpicking was being utilized. The following

is a list of the organisms counted: 7 Chironomid larvae, and 73

adults, 400 Amphipods (2 species), 2 fish and several statoblasts

from a bryozoan. This was similar to handpicking.

August 16

The chemical tests taken at 10:30 indicated a slight improvement

in available D.O. of the water over the July sample. The available

D.0 was up to 4.8 p.p.m. 50.2% saturated, and the pH 6.9. The

temperature remained at 730 F. There was an increase in the B.O.D.

over the July period. The B.O.D. at Champoeg on August 15 was 4.4

p.p.m. Fish did not appear to be as numerous as in July and also

there was an apparent decrease in numbers of species. Twenty-seven
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squawfish and 2 largemouth black bass was the extent of the fish

collection. In analyzing 13 stomachs the following food organisms

were counted: 96 Chironomid adults, 79 amphipods, 2 Hymenoptera,

2 fish, and 5 statoblasts from bryozoans.

September 17

Chemical tests taken at 1:00 p.m. indicated a very marked

improvement over previous sampling periods. The available D.O. was

up to 6.2 with a saturation of 71.3% and the pH was 7.1. The

temperature remained the same, however, with a reading of 730 F. The

B.O.D. at Champoeg on September 19 was down to 2.8 p.p.m., a definite

drop over previous readings. Despite the improved water conditions,

however, fish were scarce. One Oregon whitefish was collected and

indicated that the salmonids would be present if conditions permit-

ted. Besides the whitefish, 7 largemouth black 'bass, and 2 squaw-

fish were collected. In analyzing the stomachs of half of the 10

fish collected, there appeared to be no increase of the available

food supply. The organisms counted were: 1 Chironomid larvae and

15 adults,,3 miscellaneous Diptera adults, 5 terrestrial forms, 1

water mite, 3 amphipods and 2 fish.

Station 12 (Oregon City).

July 19

Pollutional effects were obvious by all tests at this station.

Results of the chemical tests taken at 1:30 p.m. were as follows:

D.O. 2.2 p.p.m., with a saturation of 25.9;%, pH was on the acid side
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with a reading of 6.5. The temperature of 750 F. was one of the

highest recorded on the river. The bottom was slimy with a coat-

ing of organic decomposition. Seining revealed the presence of only

the more tolerant fishes. The following is a list of the species

collected: 3 coarse-scaled suckers, 12 carp (approximately 100 were

released), 22 squawfish, and 17 largemouth black bass. Stomachs of

sixteen of the 54 fish collected were analyzed and the following is

a list of the food organisms counted: 3 mayfly nymph (these were

from a small fish taken from the stomach of a bass and it is possible

that the mayfly larvae were from the Clackamas River), 141 Chironomid

larvae and 16 adults, approximately 500 amphipods and 9 fish. To be

able to properly interpret this data one should know the normal fish

habitat when the water is unpolluted. In comparing this station with

clean water types, the physical character of the river and the hab-

itat preference of the fishes has to be taken into consideration.

Before a statement can be made about the absence of clean water forms

of fishes, it would be better to determine if they were present when

the water conditions are normal. This has yet to be determined at a

future date.

August 16

Chemical tests indicated a slight improvement over the July

sample. The tests were taken at 2:00 p.m.. and the results were as

follows: D.G. 3.2 p.p.m., saturation 37.2;%, pH 6.9, and temperature

740 F. The bottom remained covered with growths of microorganisms,

and there was a slight odor present. Seining revealed a pronounced
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scarcity of fish life. A few large carp were observed jumping out

in the main channel of the river, but no fish were taken near shore.

A small pothole, connected to the main river by a small channel, was

seined and 7 largemouth black bass were collected. There was no

evidence of the small carp that were so numerous the previous month.

The cause for their disappearance is unknown, and natural migrations

or heavy pollution may have been the cause. The stomachs of the

largemouth black bass were analyzed and the following organisms were

counted: 33 Chironomid larvae and 9 adults, 353 amphipods and 1

fish.

September 18

There was a pronounced improvement over previous sampling

periods. The results of the chemical tests taken at 2:00 p.m. were:

D.O. 4.8 p.p.m., saturation 55.2%, pH 6.6, and the water temperature

700 F. A sample of the bottom was taken by means of a Peterson and

an Ekman dredge. Debris, wood fibers and sludge were the only things

observed. Seining was carried out near the mouth of Abernathy Creek

and on the West side of the river. Small fingerling king salmon and

a few largemouth black bass were collected near the mouth of the

creek, and largemouth black bass were the only fish on the West side.

Large carp were observed jumping out in the main channel of the

river. The following fishes were collected: 2 king salmon and 14

largemouth black bass. Thirteen stomachs of the fish were analyzed

and the following food organisms counted: 84 Chironomid larvae and

66 adults, 1 aquatic beetle larvae, 355 mosquito larvae, 1 Hymen -
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optera, 1 water sowbug, 559 amphipods and 1 fish.

Station 13 (Clackamas River).

July 19

The water at this station was clear and clean in appearance.

Chemically and physically there was no evidence of pollution.

chemical data taken at 3:00 p.m. were as follows: D.O. 9.9 p.p.m.,

saturation 103jo, pH 7.0, and water temperature 640 F. The water was

so clear that fish could observe the seine, making their capture

capture extremely difficult. The following small fish were taken:

rainbow trout fry 10, Oregon whitefish fry 4, and 1 sculpin. The

total number of species present in the Clackamas River would prob-

ably not be as great as found in the Willamette, because of habitat

preference. In the stomach analysis of 9 of the 15 fish, including

all species collected, the following food organisms were counted:

31 mayfly nymphs, 16 caddis-fly larvae and 8 adults, 226 Chironomid

larvae and 317 adults, 5 mosquito adults, 1 thryps, 4 spiders and 19

fishes. All tests are indicative of a clean and unpolluted area.

August 16

Conditions were similar to those observed in July. There was a

slight change in the chemical data taken at 4:00 p.m. The results

were as follows: the D.O. had lowered to 9.1 p.p.m. with a sat-

uration of 94.8%%. The pH was up to 7.9 and temperature remained at

640 F. There was an increase of species of fish, but the total

numbers were less than for July. The following is a list of species
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collected: 4 rainbow trout, 1 whitefish, 1 coarse-scaled sucker, 1

chiselmouth, and 2 sculpins (2 species). The stomach analysis of 6

fish, including 3 species, revealed the following food organisms:

70 mayfly nymphs, 14 caddis-fly larvae, 65 Chironomid larvae, 3

blackfly larvae, 1 aquatic beetle larvae, 54 terrestrial insect

forms, 1 gastropod, 1 fish and some debris. None of the tests were

indicative of a pollutional effect at that date.

September 18

There were no apparent changes from the previous month. The

chemical data taken at 10:30 a.m. were as follows: T.O. 9.4 p.p.m.,

with a saturation of 94%, pH was down to 7.3 and the water temper-

ature was 600 F. Seining results were approximately the same as

for August. The following is a list of the species collected: 1

rainbow trout, 2 whitefish, 1 coarse-scaled sucker, 1 blacksided

dace, and 12 sculpins (2 species). Twelve stomachs of the fish were

analyzed, which included 5 of the 6 species, and the following

insects were counted: 104 mayfly nymphs, 2 stonefly nymphs and

adults, 11 caddis-fly larvae, 310 Chironomid larvae and 6 adults,

1 blackfly larvae, 3 aquatic beetle larvae, 8 Corixids, 10 gastro-

pods and 1 cladoceran. This station was almost comparable to Station

3 on the McKenzie River. There were no tests that indicated pollu-

tion.
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DISCUSSION

Station 1 (Above Eugene).

This station was turbid during each monthly sampling period, and

a Eugene gravel company was removing gravel and rearranging the bot-

tom on several different occasions. The dissolved oxygen remained

above 8.0 p.p.m. throughout the summer and there were no great

changes in the pH. The B.O.D. reached its highest level during

September when it was 1.0 p.p.m. Water temperatures were probably

the most inimical factors involved at this station. The temper-

ature was 730 F. for July and 720 F. for August, with a sharp drop

occurring during September. It was not until the September sample

was taken that salmonids were observed. The stomach analysis indi-

cated mayfly nymphs and Chironomid larvae to be the preferred food

organisms, and their presence were observed for each monthly analy-

sis. A few caddis-fly larvae were utilized for food each month,

and stonefly nymphs were found in the August, September and November

samples. There was an overall decrease in food organisms during

November, which could have been caused by disturbing effects of high

water. The high water temperatures and turbidity were probably the

only inimical factors involved at this area.

Station 2 (Below Eugene).

At first appearance this station appeared to be heavily pol-

luted, throughout the entire summer. This was caused by excessive

domestic sewage and cannery wastes being discharged into the river

above this area. There was a heavy growth of microorganisms on the
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bottom during each monthly survey, and the water appeared red in

color during July from beet wastes. The dissolved oxygen reached its

lowest point in August with a reading of 6.7 p.p.m. Tests for the

other months gave results above 8 p.p.m. A comparison of dissolved

oxygen readings with Station 1 shows that Station 2 had a lower read-

ing for each month. A comparison of the monthly B.O.D. records

shows an increase of about 2 p.p.m. at the lower station. The pH

and saturation are similar to the D.O. comparisons in that Station 2

had a lower reading for each month. The water temperatures were

slightly higher in each case for Station 2. Temperatures were prob-

ably inimical for salmonids during July and August, whereas during

September, when the water temperatures had lowered, numerous salmon

fingerlings were observed. Fish that prefer the warmer waters were

numerous throughout the summer, with largemouth black bass being in

predominance. Stomach analysis results indicated that the preferred

species of aquatic insects (that is, mayflies, stoneflies, and cad-

dis-flies), were present throughout the sampling periods. They

seemed to be in fewer numbers than at Station 1. Except for the

high water temperature during July and August, it could be concluded

that this area was suitable habitat for the fishes of the river. As

for general appearance and bottom conditions, this area would be

classed as in a pollutional zone.

Station 3 (McKenzie River, Hayden Bridge).

The appearance of this station remained clean throughout the

summer. The D.O. remained above 8.0 p.p.m. and the water temperature
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was never above 60° F. The B.J.D. and pH remained fairly constant

for each monthly sample with the highest B.Q.D. readings occurring

during July. Fish collections revealed salmonids to be present ex-

cept for the November sample. Inadequate seining conditions, because

of high water,. was probably the reason for the lack of salmonids

during November. Stomach analysis of a portion of the fishes col-

lected, indicated a scarcity of food organisms in July, an abundance

during August and September and a scarcity again in November. The

scarcity of aquatic insects during July and November may have been

caused by shifting bottom conditions caused by high water. in

general, this station would be classed as a clean water area.

Station 4 (McKenzie River, Old Ferry Crossing).

Chemical conditions were quite similar to Station 3. D.O. of

7.2, occurring in August, was the lowest reading for this area. This

was approximately 1 p.p.m. lower than for the above station at this

period. The July and September D.O.'s were about the same as for

Station 3, whereas there was a 0.8 p.p.m. drop in the November sample.

The pH tests of this area were all slightly more alkaline than those

of station 3. This was probably caused by Kraft effluents being dis-

charged into the river by the Weyerhaeuser mill. The change did

not appear to cause serious damage, however. tiater temperatures

remained below 62° F, with very little change as compared with the

above station. The B.O.D. was about twice as high as compared with

Station 3 for every sampling period, but was never greater than 2.4

p.p.m. Cottids and Salmonids were collected during each month and
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appeared to be as abundant as for Station 3. In general fish seemed

to be as numerous in this area as for the upper station. Seining

conditions were somewhat better, however. Stomach analysis indicated

that mayfly and stonefly and Chironomid larvae were the preferred

food organisms. There seemed to be very little difference in the

food utilized at either station. It could probably be concluded

that the Kraft mill wastes were not doing the river biological harm

to cause a noticeable decrease in fish. Because of the change in

bottom conditions caused by decomposition there were some noticeable

changes in the bottom life.

Station 5 (Corvallis).

Conditions were satisfactory for the normal aquatic inhabitants

of the river for the entire sampling period. The D.O. reached 6.6

p.p.m. in August, which was the lowest recorded for the entire sum-

mer. The D.O. remained above 8.0 p.p.m. for the rest of the

sampling dates. The pH remained fairly constant with no wide varia-

tion between monthly samples. The B.O.D. increased from 0.6 p.p.m.

in July to 1.8 p.p.m. in September which indicates some biological

decomposition. Water temperatures were never above 71.5° F. This

reading occurred during July and there was a sharp decrease occur-

ring in the September sample. Salmonids were collected during each

month, with a definite increase of numbers during September. The

November sample indicated a scarcity of salmons, probably because of

their migration toward the ocean. Results of stomach analysis in-

dicated that mayfly and stonefly nymphs, caddis-fly and Chironomid
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larvae were the preferred food organisms. In general it could be

concluded that this area was not affected by pollution for those

periods tested.

Station 6 (Albany).

Conditions were somewhat similar to those of Station 5, but

there appeared to be a slight pollution effect. The D.O. was never

lower than 6.8 p.p.m. and the pH readings were normal with an aver-

age of 7.5. The highest water temperature was 700 F., occurring

during July and August. There was a definite drop in the water

temperature during September. The average B.O.D. was about 1.8

p.p.m. with the most critical reading occurring in August when it

reached 2.2 p.p.m. All readings were higher than those taken at

Station 5. The bottom materials appeared to have a slight cemented

effect, and there were some debris present. Fish remained plenti-

ful, but salmonids did not appear until September. No cottids were

collected in August, but were present at other collecting dates.

Stomach analysis indicated the absence of stonefly nymphs in Aug-

ust, but were present for the other sampling periods. Stonefly

nymphs were not observed until November in the bottom samples. May-

fly and stonefly nymphs and Chironomid and caddis-fly larvae seemed

to be the preferred food organisms. From all observations, it

could probably be concluded that this station was not detrimentally

affected by pollutional factors, but was probably on the border-line

during the month of August.
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Station 7 (South Fork of Santiam Above Lebanon)

There were no apparent organic pollutional effects in this area

at anytime during the survey. The D.O. dropped to 7.1 p.p.m. in

August, but remained above 8.0 p.p.m. for all other test periods.

The pH ranged from 6.8 to 7.7, but did not indicate abnormal condi-

tions. The high water temperature of 730 F. in July and 72 F. in

August was probably the most inimical factor for cold water fishes

for this area. As for the previous stations there were lowered

water temperatures during September and November. Fish were rela-

tively scarce as compared with a collection taken during June.

Salmonids were present for the June collection, but were not collect-

ed during July or August. Large adult salmon were observed during

July, but only squawfish, longnosed dace and sculpins were collect-

ed. Stomach analysis indicated mayfly nymphs and Chironomid larvae

to be present for each monthly sample. No stonefly nymphs were

found in the September and November analysis and caddis-fly larvae

were not present for the July sample. From information collected

it could be assumed, however, that there was no pollution involved

at this station.

Station 8, South Fork of Santiam River (Crabtree bridge)

This station was in the preliminary stage of high pollution

at the onset of the Survey. The D.O. for July was already down to

2.2 p.p.m. and it decreased to zero for August and September.

The freshets of October brought about an improvement with a D.O.

up to 8.8 p.p.m. during the November sample. There was about 2.0
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p.p.m. along the shore line during August and Septe_n:ber caused by

photosynthesis in the algae present. B.U.D. samples indicated an

extensive amount of organic matter. The average for the summer

was about 20.0 p.p.m. Temperatures were on the average lower than

for Station 7. The highest was 700 F., occurring for July and Aug-

ust, and the lowest was 480 F. in November. All pH readings after

July were on the acid side and averaged about 6.6, This indicates

the effect of sulfite mill wastes from the Lebanon mill. The

bottom was covered with a heavy growth of micro-organisms and

appeared black in color. This black color on the bottom caused

the water to look dark from a distance. Fish life gradually dis-

appeared from this area as the summer progressed. Sculpins were

never observed on any occasion, and only one salmonid was caught

during July and one in November. The November sample consisted of

only this one young king salmon. Squawfish, redsided shiner,

chiselmouth and lamprey larvae appeared to be the most tolerant

forms, These species were present up until September, whereas all

others disappeared during August. Stomach analysis indicated the

presence of mayfly nymphs and caddis-fly larvae in July and Novem-

ber. Chironomids seemed to be the most prevalent food, however,

(See Figure 43 for square-foot volume). :desults of all the tests

were definitely indicative of extensive pollutional effects. There

was a good indication that the sculpins were quite sensitive to this

type of pollution. The salmonids are definitely a sensitive fish,

with the trout probably more sensitive than salmon. There were

also some indications of longnosed dace as being somewhat sensitive,
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although not to the extent of salmonids and sculpins. This station

was an excellant place to observe the gradual seasonal transition

of desirable fish and aquatic insect populations to no fish and no

clean-water forms of aquatic invertebrates as the degree of pollu-

tion progressed. The aquatic life was composed almost entirely of

red midges larvae, Simulids, Culicids and Turbellarians. These

cannot be classed as fish food when there were no fish to utilize

them.

Station 9 (Independence)

At no time during the summer did the tests taken, indicate

detrimental effects by pollution in this immediate area. The low-

est D.O. reading was 7.2 p.p.m. which occurred during August.

The remaining samples were all above 7.9 p.p.m. The pH was simi-

lar to Station 5 and gave no indication of pollutional effects.

0
Water temperatures increased from 700 F. during July to 73.5 F.

for August. The water temperature was down to 620 F. for September

and dropped again to 49o F. for the November sample. The highest

B.O.D. occurred during August when it reached 1.4 p.p.m. and then

lowered to 0.9 p.p.m. in the latter part of September. Fish were

numerous for all collecting periods with salmonids being taken

during July, October and November. Sculpins were collected during

each sampling period. The fishes that are tolerant to high tempera-

tures were very numerous. Stomach analysis indicated that mayfly,

caddis-fly and Chironomid larvae were the most prevalent food

organisms. No stonefly larvae were utilized, by the fish which were
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analyzed until November. There was also a marked decrease of Chiro-

nomid larvae for the November sample. A heavy growth of a bladder-

wort type aquatic plant was present during July and August. It was

noted that it had almost disappeared by September.

Station 10 (lheatland Ferry)

There was some evidence of pollution at this station, although

the D.O. remained above 6.0 p.p.m. for each sampling date. Percent

saturation and B.O.D.'s records revealed that there would have been

more available D.O. if there had been less biological decomposition.

The pH readings gave no indication of pollutional effects. -Water

temperatures for July and August were 740 F. and dropped to 680 F.

in September and then to 50° F. for November. The B.O.D. and

percent saturation indicated a gradual increase of biological de-

composition from July through September. A definite improvement

was observed during November. The bottom had a considerable amount

of silt and debris covering it and caused a cementing affect of the

rocks. The fish population was comprised mostly of minnows and

suckers. One king salmon fingerling was collected during July and

they were very numerous during October. There was a noticeable

decrease of fish and fish species during August, at the critical

level of pollutional effects. Sculpins were not observed at this

date, but were present for other sampling periods. There was an

apparent scarcity of food organisms, as observed by bottom sampling

and stomach analysis after the July sample. (See Figure 42). The

analysis indicated mayfly nymph to be present during July and
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November were as stonefly nymphs were not observed. Chironomid lar-

vae were numerous in July, but were scarce for the other monthly

samples. This station demonstrates the practical use of biological

indices in detecting pollution. Even though the D.C. and other

chemical tests indicated conditions to be satisfactory for a normal

fish habitat, only the more tolerant biological forms were present,

and food organisms seemed to diminish as the summer progressed.

This area could probably be placed in either the first stages of

a pollutional zone or the recovery zone.

Station 11 (Butteville)

This area appeared to be at its critical pollutional stage at

the onset of the investigation in July. The s at its low-

est point during July with a reading of 3.7 p.p.m. It increased

to 4.8 p.p.m. in August and up to 6.2 -W.p.m. during September.

Flood conditions prevented further studies during October and Nov-

ember. The pH indicated a slight acid effect from the sulfite

liquors being discharged at Newberg as it was on the acid side

until,September. The B.G.D. samples were relatively high through-

out the summer, the highest reading of 4.4 p.p.m. occurring during

August and the lowest of 2.8 p.p.m. in September. The average for

the summer was about 3.2 p.p.m. The water temperature remained at

730 F. for each sampling period. Fishes were numerous during the

July sample, but were comprised mostly of only 3 species. These

were the more tolerant forms such as squawfish, redsided shiners,

and coarse-scaled suckers. There was a noticeable reduction in



113

fish numbers during August and the September Sampling revealed only

a few largemouth black bass and one whitefish. Stomach analysis

indicated a scarcity of food organisms with Chironomid adults, crus-

taceans and small fish comprising most of the food. All chemical

tests indicated the presence of some pollutional effects. The

absence of the sensitive forms of fish and aquatic insects plus the

gradual decline of the more tolerant forms indicate that this area

was in the pollutional zone.

Station 12 (Oregon City)

Pollutional effects were as noticeable at this station as at

Station 11. The lowest D.O. recorded (2,2 p.p.m.), occurred during

July. It increased during August to 3.2 p.p.m. and up to 4.8 p.p.m.

during September. October and November samples were not taken be-

cause of flood conditions. The pH indicated the presence of acid

wastes being discharged into the river as it remained down to about

6.6 for each sampling period. she temperature of 750 F. during July

was one of the highest recorded on the river system. It was down

1
0 F. for August and lowered to 700 F. in September. Fishes were

numerous during July, but species were limited to four. They con-

sisted of the more tolerant forms such as carp, squawfish, large-

mouth black bass and coarse-scaled suckers. Squawfish and carp were

very numerous, whereas largemouth black bass and suckers were fewer

in number. All fishes but the largemouth black bass had disappeared

by the time the August sample was collected. These fish were in a

pothole connected only by a small ax-.n to the main river channel.
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Young King salmon and largemouth black bass were collected in Septem-

ber. The salmon and a few largemouth black bass were collected at

the confluence of Abernathy Creek. A few largemouth black bass were

also collected on the west side of the river. Stomach analysis re-

vealed a rather limited food supply. Chironomids, small amphipods

and fish were present for each sampling period, whereas mosquito

larvae appeared during September. In general, this station was

quite barren of fish and fish foods. This fact along with the chemi-

cal data collected indicated this station to be quite heavily pollu-

ted until September when there seemed to be some biological recovery.

Figures 39 and 40 present the trends of the water temperatures,

dissolved oxygen and pH of the o°yillamette river from Station 1 to

Station 12 for the survey of 1951.

Station 13 (Clackamas River)

There were no indications of pollutional effects as judged by

the tests taken. The dissolved oxygen remained above 8.0 p.p.m*

for each monthly sample and water temperatures were never greater

than 640 F. There was a sharp increase of pH during August, but

for no apparent cause. Sensitive fishes, in the form of trout,

whitefish, and sculpins were present for each sampling period.

Stomach analysis results indicated that mayfly nymph and caddis-

fly and Chironomid larvae to be the predominate food organisms.
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SUzti CRY

Station 1 (Above Eugene)

This area was considered to be a clean-water station. High

temperatures during July and August were probably not too favorable

to the presence of salmonids. Silting was apparently caused by the

construction work being done at damsites upstream. Gravel dredging

probably caused some damage to bottom conditions. A normal fish

fauna was present, except for the absence of salmonids during July

and August. Stomach analysis indicated clean water forms of food

organisms.

Station 2 (Below Eugene)

This station was considered to be moderately polluted, as

judged by physical and visual appearance. A combination of domestic

sewage and cannery wastes caused a heavy deposit of debris on the

bottom. A comparison with Station one snowed a decrease in dis-

solved oxygen and pH, while there was an increase in the B.J.D. and

water temperature. More facultative types of fishes were collected

at station two and stomach analysis indicated fewer clean-water

food organisms.

Station 3. (McKenzie River at Hayden Bridge)

Station three was unpolluted during each month of the survey

as judged by the chemical, physical and biological tests taken.
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Station 4 (McKenzie River at Old Ferry Grossing)

This station was classified as only slightly polluted. This was

considered to be so because of the growth of Sphaerotilus, sp. on the

bottom, the higher B.O.D. and the more alkaline pH. This was appar-

ently caused by the discharged wastes of the Kraft mill located be-

tween Stations three and four. The fish collection was similar to

Station three, with the exception of a few more tolerant species at

Station four. Stomach analysis indicated very little difference in

Station 3 and 4.

Station 5 (Corvallis)

This station was classified as unpolluted. Sensitive fish,

such as salmonids and cottids, were present for each monthly survey.

Stomach analysis indicated the presence of clean-water forms of

aquatic insects. Apparently due to the influence of the MMcKenzie

River the water temperature and B.O.D. was lower than for Station 2

at Eugene.

Station 6 (Albany)

This station was classed as on the border line between clean

water and being slightly polluted. No salmonids were observed during

July and August and Cottids were absent during August. Stomach ana-

lysis results were similar to Station 5 (Corvallis), except during

August, when there were fewer mayfly nymphs and no stonefly nymphs

observed. Stonefly nymphs were observed for the other sampling

dates. Chemical tests were similar to Station 5 except for a

slightly higher B.C.D. at Station 6.
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Station 7 (South Fork Santiam at Lebanon Dam)

This station was definitely a. clean-water area as judged by

chemical and physical tests. Fish collections revealed an abnormal

condition during July and August and could probably be contributed

to the high water temperature, apparently caused by the water being

empounded by the dam. Cottids were present for each month and

salmonids were observed after the water temperature dropped. Clean

water forms of aquatic insects were present as indicated by stomach

analysis.

Station 8 (South Fork Santiam at Crabtree Bridge)

This was the most heavily polluted of all the stations. This

was caused by low water and pulp mill effluents (and other industrial

wastes), as well as domestic sewage being discharged from the city

of Lebanon. The dissolved oxygen was down to 2.2 p.p.m. in July

and zero in August and September. The B.O.D. was very high reach-

ing 25.8 p.p.m. in August. The pollution had a definite detrimental

effect on the fishes of the area. Cottids were never observed at

this station, but were present during each sampling period for

Station 7. There was a gradual decrease of fish and fish species

and apparently all fish had been forced to move out or had been

killed by the latter part of September. After the freshet in

November, the river had partially recovered and was chemically ade-

quate for fish life. The dissolved oxygen was up to 8.8 p.p.m.

Apparently fish had not as yet returned to the area as only one

small king salmon was caught. Stomach analysis revealed mayfly,
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caddis-fly and Chironomids to be present in November.

Station 9 (Independence)

This station was classified as unpolluted. A variety of fishes

were observed and salmonids were present except for August and Sep-

tember. The Santiam. River enters the .dillamette River above this

station and apparently has a diluting effect. The B.O.B. was leer

than at Station six at Albany.

Station 10 (Wheatland Ferry)

This station was classified as being polluted during August

and September. Only the facultative and most tolerant forms of

fishes were usually present. Food supply was scarce as judged by

stomach analysis. Salrnonids could probably live in the water as

was indicated by the collection of 1 small king salmon during July,

and numerous kings in October. Lack of food probably limits the

fish population to some extent. B.O.O. was higher than at Station

9 at Independence.

Station 11 (Butteville)

This station was classified as polluted. Sensitive fish were

absent until September, when a small whitefish was collected.

extreme abundance of facultative types of fishes during July and

August indicated the absence of a normal environmental condition.

These tolerant forms also decreased in numbers as the summer pro-

gressed. Largemouth black bass would be classed as a fairly

tolerant fish as there presence was observed during the critical
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level of pollution. Food organisms were few and limited in number

as judged by the stomach analysis.

Station 12 (Oregon City)

This station was more severely polluted than Station 11, Butte-

ville. The dissolved oxygen was always below 5 p.p.m. and the pH

was on the acid side of neutral. The fish collected were the most

tolerant forms. Sensitive fish were absent, except for September

when small king salmon were collected at the mouth of Abernethy

creek. Food organisms were limited to those of pollutional and

terrestrial forms as indicated by stomach analysis.

Station 13 (Clackamas River)

This was definitely a clean-water station. At no time was there

any evidence of pollution by either chemical tests or samples taken.

The fish fauna was comprised mostly of salmonids and sculpins.
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Artificial Key to Families of Fishes
of

The Willamette River
System

la, No jaws present, mouth in the form of a disc or funnel (a hooded
cavity in the larvae); paired fins absent; 7 gill openings on
each side; body eel shaped, single mediannostul.

1
Family--Petromyzonidae, Lampreys.

lb. Jaws and paired fins present; one gill opening on each side,
paired nostrils ---------------------------------------------2a.

2a. Large bony plates on sides and back; upper lobe of caudal fin
larger than lower; mouth inferior, preceded by large barbels.

Family-Acipenseridae, Sturgeons.

2b. Tail homocercal, both lobes about same length; if bony plates
are present, mouth is terminal.-----------------------------3.

3a. An adipose fin present--------------------------------------40

3b. No adipose fin present.-------------------------------------6.

4a. No spine-like rays in fins; no barbels developed around mouth.

Familyy -Salmonidae, Trouts, Salmons,
Whitefishes.

4b. Hard, spine-like rays developed in some fins----------------5.

5a. No scales; barbels around mouth; spine-like rays in dorsal and
pectoral fins.

Family7-Ameiuridae, Catfishes.

5b. Scales present; no barbels, at least two spines in dorsal and
anal fins.

Family8-Percopsidae, Trout-perch.

6a. No more than one spine-like ray in dorsal fin (no true spines);
dorsal fin undivided or unnotched (or not preceded by free
spines; pelvics abdominal ---------------------------------7.

6b. True spines present in dorsal fin; dorsal base long, may be
divided or notched. If short, preceded by free spines. Pel-

vies thoracic or sub-abdominal------------------------------9.
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7a. Midline of belly saw-edged, tail forked, body deep, color
silvery.

Family3-Clupeidae--Herrings.

7b. Midline of belly rounded, without serrations.-----------------8.

8a. Mouth inferior, sucker like; lips thick; no barbels; no spine-
like rays in fins; distance from front of anal fin to base of
caudal more than 2.5 times in distance from front of anal fin
to tip of snout.

Fans ly5-Catostomidae, Suckers.

8b. Mouth terminal or subterminal; lips thin, barbels or spine-
like rays may be present; distance from front of anal fin to
base of caudal fin fewer than 2.5 times in distance from front
of anal to tip of snout.

Family--Cyprinidae, Minnows, carp,
dace, etc.

9a. Free spines developed before dorsal fins; a few bony plates
on sides; pelvic fins consisting mainly of a spine.

Family12Gasterosteidae, Sticklebacks

9b. No free spines or bony plates developed.--------------------10.

10a. Spines in dorsal and anal fins, hard, sharp; head not flattened;
eyes lateral------------------------------------------------ 11.

lOb. Spinous portion of dorsal fin soft and flexible, no spines in
anal fin; head flattened; eyes more or less on upper part of
head. Spines, often hidden by skin, present on preopercle.

Fwailyl?Cottidae, Sculpins.

lla. Dorsal fins separate; edge of preopercle serrate; a spinous
process on opercle; color pattern of vertical bars; body with
yellow cast; lower fins red or orange.

Familyl2Percidae, Perches.

llb. Dorsal fins single; (if notched so deeply that it appears divid-
ed, color pattern consists of a dark longitudinal stripe) no
spine on opercle; body moderately to greatly compressed.

Familyg-Centrarchidae, Sunfishes
Black basses.
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Family 1. Petromyzonidae, Lampreys.

la. Dorsal fins separated only by a notch; eye small, its diameter
3 times in length of oral disk or 7 in branchial region (from
anterior edge of first gill pore to posterior edge of last gill
pore). Lateral teeth not well developed; all teeth blunt. No
teeth in posterior part of disc connecting laterals. Adults
usually under 8 inches in length.

Brook Lamprey--Lampetra planeri (Bloch)

lb. Dorsal fins separated by an interspace; (if under 8 inches eye
larger, its diameter about 2 in length of oral disc or 3.5 in
branchial region). A series of small teeth developed on
posterior portion of disc connecting the last pair of the four
or more pairs of enlarged lateral teeth.-----------------------2

2a. Adults large, over 12 inches in length; large tooth on anterior
edge of oral opening with 3 sharp cusps; all teeth sharp.

Three toothed lamprey--Entos henus tridentatus
(Gairdner)

2b. Adults small; large tooth on anterior edge of oral opening with
2 blunt cusps; all teeth blunt.

Non parasitic lamprey--Entosphenus, sp.

Family 2. Acipenseridae; Sturgeons

White sturgeon; Acipenser transmontanus, Richardson

Family 3. Clupeidae; Herrings.

Shad, Alosa sapidissima (Wilson)

Family 4. Salmonidae; Salmons, trout, whitefishes.

la. Scales on lateral line fewer than 100; no spots or mottling on
body (round parr marks may be evident in young) mouth somewhat
subterminal, barely reaching to beneath eye, teeth not evident;
Adipose fin large.

Oregon whitefish--Prosopium oregonium (Jordan and
Snyder).

lb. Scales on lateral line more than 100; spots or mottling evident
on body; mouth larger, with sharp teeth.-----------------------2
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2a. Color pattern of light spots on dark background; more than 190
scales in lateral line; teeth on head of vomer only.

Dolly Varden, Western Charr; Salvelinus malma specta-
bills Girard

2b. Color pattern of dark spots on lighter background fewer than
190 scales in lateral line; teeth on head and shaft of vomer.-3e

3a. Interior of mouth dark or dusky; spotting somewhat sparse (young
with little or no spotting, but with long and distinct parr
marks); anal rays 13 or more ---------------------------------- 4.

3b. Interior of mouth white; spotting on back and dorsal fin evident
even in young; anal rays 12 or fewer.-------------------------5.

4a. Gums of adult white, the teeth arising from an unpigmented band;
young with parr marks narrower than interspaces and with the

first few anal rays elongate; pyloric caeca fewer than 90.

Silver salmon--Oncorhynchus kisutch (Walbaum)

4b. Gums of adult dark, no unpigmented area at bases of teeth;
young with parr marks wider than interspaces and with no elonga-
tion of anal rays; pyloric caeca more than 145.

King Salmon, Chinook salmon,
Oncorhynchus tshawytscha ("Ta1baum)

5a. Usually a dash of red on each side under lower jaw; upper jaw
usually extending beyond eye; a patch of small teeth (hyoid
teeth) on floor of throat between gill arches.

Coastal cutthroat trout..Salmo clarki clarki
Richardson

5b. Usually a red band of color on the sides and no red dash under
jaw; upper jaw shorter; no teeth behind the patch of teeth on
the tongue.

Rainbow trout, Steelhead; Salmo gairdnerii (Richardson)

Family 5. Catostomidae; Suckers

la. Sides of mouth with distinct notches Where upper and lower lips
meet; Mouth wide. Dorsal rays 10 or 11. Scales in lateral line

90 to 100. Lower lip but little incised, 3 or 4 rows of pappillae
crossing the midline.

Mountain sucker. Evermann
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lb. Sides of mouth without notches; mouth somewhat narrow, especially
in young; Dorsal rays 12 to 15; scales in lateral line 80 or
fewer. Lower lip deeply incised, no row of papillae crossing the
midline or at most only a rudiment of a row present.

Catostomus macrocheilus Girard
Columbia coarse-scaled sucker.

Family 6. Cyprinidae.

la. Stiff, serrated spine-like structure at front of dorsal and anal
fins; 2 sets of barbels at mouth.

Cyprinus caroio Linnaeus
Carp.

lb. No spine-like rays in'fins; no more than one pair of barbels--2

2a. Jaws straight-edged, with horny plate on lower lip; pharyngeal
teeth in one row; Peritoneum black.

Acrocheilus alutaceus. Agassiz and Pickering
Chiselmouth.

2b. No horny plate on lower lip; pharyngeal teeth in two rows.----3.

3a. Small barbels usually present at corners of mouth (magnification
needed in small specimens); mouth small, usually not reaching
to below front edge of eye and usually somewhat subterminal or
inferior.-----------------------------------------------------4.

(characters under 8 never ar;ply)

3b. No barbels at corners of mouth; mouth never subteri.i.nal,
usually reaching to below eye; or else is oblique.------------8.

4a. Scales large and not well imbricated, usually fewer than 40
lateral line; adults 4 inches or shorter.

Oregonichthys crameri (Snyder)

on

Oregon minnow

4b. Scales smaller, more than 40 in lateral line.-----------------5.

5a. Body somewhat compressed; pectoral fin fairly short, not reaching
half the distance from origin of pectoral to origin of pelvic.
Adults usually more than 6 inches in length. Pharyngeal teeth
hooked in young, with grinding surface in adults. Eye large,

about one in snout, 3.in head in specimens 6 inches or less.
sylocheilus caurinus ('ichardson)

Columbia River chub.
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5b. Body cylindrical, caudel peduncle somewhat stout; pectoral fin
reaching nearly to origin of pelvic or at least more than half
the distance to origin of pelvic; adults usually less than 6
inches in length, Pharyngeal teeth with hooked points, eye
smaller, 2 to 3 in snout, 5 or 6 in head.--------------------6.

6a. Upper jaw not protractile, a frenum present; mouth inferior,
snout somewhat flattened.

Rhinichthys cataractae dulcis (Girard)
Longnoeed dace.

6b. Upper jaw protractile; mouth subterminal, snout not flattened-7.

7a. Distal edge of dorsal and anal fin concave. No black band
along sides, color pattern of dark, irregularly placed blotches.

Rhinichthys falcatus (Figenmann and Eigenmann)
Falcate dace, Silvery grey dace.

7b. Distal edge of dorsal and anal fins straight; a black band
along each side.

Rhinichthys nubilus nubilus (Girard)
Blacksided dace.

8a. Mouth large, reaching to or beyond eye; general aspect somewhat
pike like. Body little compressed; young with black spot at
base of caudal. Anal fin base short, fin with 10 or fewer rays.

Ptychocheilus oregonense (Richardson)
Columbia squawfish

8b. Mouth small, reaching to front edge of eye, oblique, body deep,
compressed; anal fin base long, greater than distance from tip

of snout to posterior edge of preopercle. Anal rays 11 or more,
usually 13 to 15.

Richardsonius balteatus balteatus (Richardson)
Redsided shiner.

Family 7, Ameiuridae, Catfishes

la. Caudal fin forked.--------Ictalurus catus* (Linnaeus)

lb. Caudal fin rounded or truncate-------------------------------2.

2a. No serrations on pectoral spine, membrane of fins, black, con-
trasting with lighter rays light bar at base of caudal f in--- -

Ameiurus melas (Rafinesque)
Black bullhead.

* Does not exist in the Willamette River at present time-1951, but
will be planted in the near future.
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2b. Pectoral spine serrated; membrane of fins usually lighter,

often mottled.------------------------------------------------3.

3a. Color yellow to brown; mental (chin) barbels white 24 to 27
rays in anal fin.

Ameiurus natalis (Le Sueur)
Yellow bullhead.

3b. Color brown to black; mental barbels grey to black; 17 to 24
rays in anal fin.

Ameiurus nebulosus (Le Sueur)
Brown bullhead

Family 8. Percopsidae -- Trout-perches
Columbia transmontana Eigenmann and Bigenma.nn

Family 9. Centrarchidae -- Sunfishes and Basses.

la. Body greatly compressed; scales in lateral line 55 or fewer;
anal spines quite strong.-------------------------------------2.

lb. Body bass shaped, lateral line scales more than 60; anal spines
111, small----------------------------------------------------6.

2a. Anal fin base much shorter than dorsal fin base; Anal spines
ill ----------------------------------------------------------- 3.

2b. Anal and dorsal fin bases about equal in length. Anal V to
Vll.----------------------------------------------------------5.

3a. Maxillary tending to below middle of eye or beyond, teeth on
tongue, supra-maxillary well developed.

Chaenobryttus coronarius (Bartram)
Bass

3b. Maxillary not reaching to below middle of eye, no teeth on
tongue, supramaxillary greatly reduced.-----------------------4.

4a. Red spot on opercular flap, gill rakers very short.
Lepomis gibbosus (Linnaeus)

Pumpkinseed.

4b. No red spot on opercular flap; gill rakers fairly long and
distinct; black blotch in posterior portion of soft dorsal.

Lepomis macrochirus Rafinesque
Bluegill
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5a. Color pattern of vertical bars, dorsal spines V to Vll, usually

Vl. Length of dorsal fin base not equalling distance from
origin of dorsal to eye.

Pomoxis annularis Rafinesque
White crappie

5b. Dark markings irregular and not arranged in bands. Dorsal Vii

to Vill usually, rarely V1 or 1X. Length of dorsal fin base
equalling distance from origin of dorsal to eye.

Pomoxis nigro-maculatus (Le Sueur)
Black crappie

6a. youth of adult specimens quite large, extending beyond the eye;
dorsal fin deeply notched, almost divided into two portions;
color pattern consisting of dark longitudinal stripe down middle
of side; Pyloric caeca branched.

Micropterus salmoides (Lacepede)
Largemouth blackbass

6b. Mouth of adult specimens not extending beyond the eye; dorsal
fin spines nearly of same length, fins not deeply notched;
color pattern of vertical bars. Pyloric caeca unbranched.

Mi.cropterus dolomieu Lacepede
Smallmouth blackbass

Family 10. Percidae.
Perca flavescens (iii:itchill)

Yellow perch

Family 11. Cottidae.

la. Palatine teeth present, strong---------------------------------2

lb. Palatine teeth absent.-----------------------------------------3

2a. Anal rays 14 or fewer; head bread and flattened; mouth quite
large; 'body and fins usually heavily pigmented.

Cottus rhotheus (Rosa Smith)
Torrent sculpin

2b. Anal rays 16 or more; head moderately flattened; mouth not

excessively large.
Cottus asper Richardson

Prickly sculpin

3a. Posterior nostrils tubular; body quite slender, head small;

caudal peduncle slender and somewhat rounded.

Cottus aleuticus :ilbert
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3b. Posterior nostrils not tubular; body usually fairly stout,

caudal peduncle compressed,------------------------------------4

4a. Anal rays 12 or fewer, a single preopercular spine; prickles
absent; spinous and soft dorsals separated by small interspace
in most Willamette specimens.

Cottus beldingi Eigennann and Eigenmann
Smooth sculpin

4b. Anal rays 13 or more; one spine at preopercular angle and one
or two below; prickles in axil of pectoral fin.

Cottus gulosus (Girard)
Common Sculpin

Family 12 Gasterosteidae
Gasterosteus aculeatus microcephalus Girard

Three spined stickleback.


