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The study reported was part of a comprehensive research

program to develop methodology for the economic evaluation of

water pollution control. A relatively small, unpolluted estuary

(Yaquina Bay, Oregon) which contained both an active recreational

fishery and a potential source of water pollution (kift mill effluent)

was selected for study. The estuary was divided into zones and an

angler survey was conducted from August,l963 through July. 1964.

Results of the survey revealed that the 3, 260 sportsmen interviewed

spent approximately 2, 790 hours angling for food fishes and inverte-

brates. The following species of miscellaneous fishes were the

most important (pounds) in the catch of the anglers interviewed:

white seaperch (Phanerodon furcatus), striped seaperch (Embiotoca

lateralis), pile seaperch (Rhacochilus vacca), starry flounder

(Platichthys stellatus), Pacific herring (Clupea pallasii), jack smelt
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(Atherinopsis californiensis), kelp greenling (Hexagrammos

decagrammus), and black rockfish (Sebastodes melanops).

Toxicity bio-as says with the kraft mill effluent (KME) were

conducted from April through September, 1964, at the Oregon State

University Fisheries Laboratory at Newport, Oregon, on the fol-

lowing species: white seaperch, striped seaperch, starry flounder,

kelp greenling, walleye surfperch (Hyperprosopon argenteurn),

English sole (Parophrys vetulus) and Dungeness crabs (Cancer

magister). Preliminary results are presented for walleye surfperch

and pile seaperch. Conclusive bio-as say results are presented for

the remaining species.

Bio-assays with KME were conducted for 96 hours at a temper-

ature of 19 ± 2 C. The 48 hour TL for the species tested were:m

Kelp greenling--31. 0 percent KME, starry flounder--25. 0 percent

KME, English sole--18. 7 percent KME, white and striped seaperch--

17.0 percent KME, Dungeness crabs--greater than 50. 0 percent

KME. An application factor of one-tenth of a 48 hour TLm was

used to compute the maximum allowable concentrations of KME

which could be tolerated by the species tested. These concentrations

were used to predict the change in distribution3l area of the various

species tested that would occur if Yaquina Bay was polluted by

hypothetical concentrations of KME at either of two outfall locations.

If one -tenth of a 48 hour TL was used to compute the maximum



allowable concentration and if the bay was polluted with the concen-

trations predicted at the Grassy Point outfall location, the distri-

butional areas of the selected test species would be reduced from

16 to 55 percent, which would result in a loss to the fishery of an

equivalent percent of their populations.

Recommendations are made for additional research that would

aid in the application and interpretation of the results of bio-as says

to fish populations in various pollutional situations.
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THE PREDICTED INFLUENCE OF KRAFT MILL
EFFLUENT ON THE DISTRIBUTION OF SOME

SPORT FISHES IN YAQUINA BAY, OREGON

INTRODUCTION

Predictions are made in this thesis of the possible influence

of hypothetical concentrations of kraft mill effluent (KME) on the

distribution of certain sport fishes and invertebrates in Yaquina

Bay, Oregon. These predictions were based in part on the results

of an angler survey which identified the more recreationally im-

portant sport fishes and their distribution in the bay, and on the

results of a series of l3boratory bio-as says which revealed the

approximate ranges of toxicity of KME to the species studied. The

angler survey was conducted in Yaquina Bay from August, 1963,

through July, 1964, and the bio-assays were conducted at the Oregon

State University Fisheries Laboratory, at Yaquina Bay, from April

through September, 1964. The study was part of a comprehensive

program of research to develop methodology for the economic

evaluation of water pollution control.

The need for methodology to enable management agencies to

decide more effectively among conflicting water use programs is

well known. To help develop such methodology as relates to water

pollution control, a cooperative program of research was undertaken

1This investigation was supported by Public Health Service
Research Grant WP-00107, from the Division of Water Supply and
Pollution Control.
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at this institution by personnel of the Departments of Agricultural

Economics, Fisheries and Wildlife, and Civil Engineering.

The basic approach to the problem was to select for study a

relatively small, unpolluted estuary (Yaquina Bay) which contained

both an active recreational fishery and a potential source of water

pollution (KME). Assumptions were made that amounts of KME equal

to that produced under normal operation of the kraft paper mill would

be introduced into the bay at several discharge locations. Deter-

mination of the cost of alternative waste disposal plans that would

provide varying degrees of water pollution control was assigned to

the Department of Civil Engineering. Identification of the items of

economic value that would be sacrificed if kraft mill pollution was

not controlled was assigned to the Departments of Fisheries and

Wildlife and Agricultural Economics.

These variables will be placed in a mathematical model to

facilitate the development of a methodology of benefit-cost analysis

for problems of water pollution control. The use of a mathematical

model will also aid in the isolation and identification of the physical,

biological and economic areas for which adequate data are presently

lacking and toward which future research should be directed.

The purpose of the study reported here was to identify the

losses to the sports fishery in Yaquina Bay that would occur if

KME was discharged into the bay in the hypothetical concentrations
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predicted by Harris (1964) for the various alternative waste disposal

plans considered. My study was approached in two steps. 1) An

angler survey was conducted to identify the principal sport fishes

and invertebrates in the bay, and to determine their distribution

and abundance in the catch. 2) Laboratory bio-assays were con-

ducted in order to obtain the approximate ranges of toxicity of KME

to the species selected for study.

Because of a lack of time and equipment, no attempt was made

to establish precise toxicity levels of KME to the species studied,

but median tolerance limits (TL 's) are estimated for white sea-m

perch (Phanerodon furcatus), striped seaperch (Etnbiotoca lateralis),

kelp greenling (Hexagrammos decagrammus), starry flounder

(Platichthys stellatus), English sole (Parophrys vetulus), and

Dungeness crab (Cancer magister). Information on. preliminary

bio-assays is also reported for pile seaperch (Rhacochilus vacca)

and walleye surfperch (Hyperprosopon argenteum). Application

factors of one-tenth of a 48 hour TL and one-tenth of a 96 hourm

TLm were used to obtain approximate, maximum allowable con-

centrations of KME to the above species.

Based on the results of my angler surveys and laboratory

bio-assays, and on the estimates made by Harris (1964) of the

concentrations of KME which might occur in the bay under hypo-

thetical conditions, I have predicted the influence of the



concentrations of KME from two different discharge points on the

distribution of the more important sport fishes and an invertebrate

in Yaquina Bay.

A perusal of the literature revealed a sparcity of information

on the effects of KME on estuarine fishes. Most bio-assay work

with KME has been performed on various species of salmon

(Oncorhynchus). in British Columbia, underyearling sockeye salmon

(0. nerka) were reported to tolerate a maximum concentration of

4. 8 percent full bleach kraft mill effluent in salt water. Under

diminishing oxygen supply these fish exhibited an increased oxygen

requirement for respiration with increased eflluent concentration.

This resulted in a further lowering of the maximum allowable

effluent concentration to 2. 5 percent (Alderdice and Brett, 1957).

Chinook (0. tshawytscha) and coho salmon (0. kisutch) were

used in salt-water bio-assays of both whole KME and a combined

waste composed of various constituents from kraft mill processes.

Older chinoqk of 250 to 280 days were most sensitive to the com-

bined waste and could tolerate as much as a 1. 6 percent concentra-

tion of the waste. No significant difference in toxicity was found

between KME from full bleach mills and KME from mills with no

bleaching operation. Coho and chinook salmon exposed to both

bleached and unbleached KME for 14 days were able to tolerate

from 1.0 to 3. 6 percent waste depending upon the salinity of the
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aquaria water. The growth rate of chinook salmon was reduced

when the fish were confined to a whole KME concentration of 0. 6

percent (Holland et al. , 1960)

Some salmonids have demonstrated marked avoidance to KME

in laboratory experiments while others have not. In one experiment

chinook salmon exhibited a marked avoidance reaction to both whole

KME and a combined KME waste in fresh water. The concentrations

tested ranged from 1. 3 to 10.0 percent. In the same test conditions,

coho salmon exhibited less avoidance and steelhead trout (Salmo

gairdneri) showed no marked avoidance reactions (Jones et al. 1955).

In a different experiment, coho salmon tested in salt water did not

avoid whole KME in concentrations of 42. 0 percent even though a con-

centration of 32. 0 percent, for 14 days, produced a kill (Holland

et al., 1960). These data indicate that some species of yoi,lng salmon

may not avoid lethal concentrations of KME in salt water.

Several researchers have tried to isolate the toxic components

of KME. Chinook salmon, coho salmon and cutthroat trout (S.

clarki) were used as test organisms in fresh-water bio-assays with

various components of KME. The hydrogen sulphide, methyl mer-

captan, sodium suiphide and sodium sulphydrate components of KME

were highly toxic to these species (Haydu,et.. 1952). The range

of minimum lethal concentrations of these individual components

was from 0. 9 to 3. 0 p. p. m. Tests were conducted for
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120 hours in water that varied in temperature from 17.5 C to 12 C.

Minnows (Notropis and Pimephales) and water fleas (Daphnia)

were used to test the toxicity of the sulphide, mercaptan, resin acid

soap and sodium hydroxide components of KME. Minimum lethal

concentrations for minnows varied from 0. 5 p. p. m. for methyl

mercaptanto 100 p.p.m. for sodium hydroxide. Daphnia were

slightly more resistant. Tests were conducted at 18 C and extended

for 120 hours for the minnows and 48 hours for the Daphnia (Van

Horn, Anderson and Katz, 1949).

Juvenile guppies (Lebistes reticulatus), coho salmon, large-

mouth bass (Micropterus salmoides) and bluegills (Lepomis

macrochirus) were used in fresh-water bio-assays which demon-

strated that the toxicity of KME was not primarily due to mercaptans

and sulfides, but to constituents in the steam distillable and ether

soluble fractions of the waste (Webb, 1958).

A synthetic or prepared waste was used in fresh-water bio-

assays conducted by DeWitt (1963) who studied the effects of KME

on organisms in artificial streams. Guppies, sculpins (Cottus

perplexus), coho salmon, steelhead trout and largemouth bass were

used in bio-as says designed to aid in the standardization of each

batch of KME before it was used in the artificial streams. Test

values for the various fish ranged from 11. 1 percent for large-

mouth bass to 1. 7 percent for the guppies and sculpins.
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Perch (Perca flavescens), bluegills and largemouth bass were

used to test the black liquor from the kraft process. Waste con-

centrations of 0. 2 percent were irritating and concentrations of

0. 5 percent produced kills. Toxicity of the waste was generally

decreased by aeration (Cole, 1935).

Oysters (presumably Gras sostrea virgiriica), from the York

River in Virginia, were reported to decrease their rate of pumping

and the number of hours they remained open when exposed to sulfate

(kraft) pulp mill waste (Gaitsoff et al. , 1947).

Since specific information on the effect of KME on estuarine

sport fishes was needed in order to conduct an economic evaluation

of water pollution control, it was necessary to conduct bio-as says

on selected estuarine species to provide the necessary additional

data.

No information was available in the literature on the sports

catch of the estuarine species of fish in Yaquina Bay. The Oregon

State Game Commission has surveyed the ocean catch taken from

around the mouth of the Yaquina River and the trout catch taken from

the upper river (Campbell and Locke, 1963). The Fish Commission

of Oregon conducted a survey of the clam harvest in the area of

Sally s Bend and Idaho Point for the period of June 22 through

September 20, 1960 (Snow and Demory, 1961). Because no effort

had been made to enumerate the anglers of the bay and to determine



the composition and abundance of the catch, an angler survey was

conducted to supply this needed information.

The following terms will be used in the text and are defined

here for the benefit of the reader.

KRAFT MILL EFFLUENT: An alkaline waste from the

manufacture of paper produced by the digestion of certain

types of wood with a strong caustic solution containing

sodium hydroxide, sodium sulfate and sodium sulfide

(McKee and Wolf, 1963).

KME: The generally accepted abbreviation for kraft mill

effluent.

TL : Median tolerance limit or the concentration at whichm

just 50 percent of the test animals are able to survive for a

specified period of exposure (Doudoroff etal. , 1951).

BlO-ASSAY: A test using the response of living organisms

to artificial environmental situations usually under controlled

laboratory conditions (Chadwick, 1959).

APPLICATION FACTOR: A multiplier used to reduce the

TL value to a magnitude estimated to be relatively harm-

less to aquatic life in the receiving water (Jackson, 1963).

BIOCHEMICAL OXYGEN DEMAND: The amount of oxygen

required by bacteria while stabilizing decomposable organic

matter under aerobic conditions (Sawyer, 1960).



WHITE WATER: Waste water containing fines, wire-life

extenders and starch from the screening process in the

manufacture of paper.

STRONG WASTE: Waste water composed of spilled waste

from the washers, continuous digester system and evaporators

used in the manufacture of paper. Also included are tail

water or contaminated condensates, lime mud and dregs.

WEAK WASTE: Composed of pump cooling water and white

water from the manufacture of paper.
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METHODS

Angler -Survey

The angler survey consisted of two basic procedures:

(1) Interviews of individual anglers to determine their daily catch

and their expenditures (for related economic studies) per fishing

trip, and (2) counts of anglers designed to provide a daily estimate

of the total angling pressure on the bay.

Angler Interviews

The angler interviews were conducted according to a sampling

program designed by Stevens (1965), in the Department of Agricul-

tural Economics. Yaquina Bay was sectioned into.five zones and

each zone was divided into two areas (Figure 1). During specified

time periods each day an interviewer would visit statistically chosen

areas of the bay. Anyone fishing, clamming or crabbing in the area

was interviewed. If an interviewer was to be present in an area

for two hours, he went to the assigned area and attempted to inter-

view every angler or clam digger present. If no one was utilizing

the area, the interviewer stayed until the interview time period

ended. Questions asked were concerned with the time spent fishing,

the areas fished, number, species and weight of the catch and total

expenditures for the fishing trip. A copy of the questionnaire is



Figure 1. The zones of recreational fishing in Yaquina Bay, Oregon.
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included in Appendix 9.

During the summer months, when the angler pressure was

heavy, two men were assigned to the angler survey. One man

interviewed anglers during the entire day, while the other man

conducted the angler counts and interviewed anglers in specified

areas whenever possible between counts. During the winter, when

angling pressure was low, one man both interviewed anglers and

conducted the angler counts.

Angler Counts

To obtain an estimate of the total angling pressure on the

bay, one to three sample counts of the instantaneous angling pressure

were made each day. The counts varied in number according to a

schedule established by Stevens (1965). For the purposes of

counting, the bay was divided into an upper and lower section, and

each section was divided into several zones (Figure 1). The lower

bay section started at the ocean ends of the jetties and extended to

the up-bay end of Zone III. The upper bay section started at the

up-bay end of Zone III and extended to the end of tidal influence or

the up-bay end of Zone V. In 1963, the lower bay counts were made

from a boat, weather permitting, and from an automobile during

the periods of rough weather. In 1964, the lower bay counts were

made from an automobile during the entire sampling period. All
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upper bay counts were made from an automobile because the upper

river area was both too long and too hazardous to allow the use of

a boat. All counts were conducted as quickly as possible so that

a representative sample of fishing pressure could be obtained during

a selected time period. On specified days, averaging every tenth

day, all-day angler counts were made for the upper or lower bay

sections. The number of counts attempted varied with the length of

the day. Each counting period was approximately two hours long.

During periods of low tides, special counts were made to

obtain added information on the number of clam diggers. For a

more detailed explanation of the counts and methods of establishing

interview periods, one should consult Stevens (1965).

All-day counts of anglers were made to provide an estimate

of the total angler hours during a particular day. The number of

anglers at any given hour, recorded on such days, was used to

establish a curve of the hourly angling pressure on the bay for that

day. The curves constructed from the complete counts were used

to establish an average curve of hourly angling pressure for a

specified time period of apprciximately one month. The daily

sample counts were scheduled on hours near the approximate peak

periods of angling pressure. This was done to give a more accurate

estimate of the peak of the curve representing total angling hours

for a particular day. The number of anglers observed during a
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sample count, at a specified time period, was used to establish a

point through which a curve of the same shape as the average curve

could be drawn. For an average time period of 30 days, the shape

of the curve, representing the average daily angler hours, would

remain the same, but the size of the curve would vary each day

depending upon the number of anglers observed during a particular

daily count. As the size of the curve increases or decreases the

area under the curve, representing total angler hours for a day,

increases or decreases. Thus an estimate of the total angling

hours for each day could be made.

Figures from the average curve were used by Stevens (1965)

in the following formula to estimate the total angler hours for each

day: H.=A. (H/A) where H.=total angler hours on the th day, A.

the number of anglers counted at a particular time on the 1th day,

H= the number of angler hours in an average day, and A=the average

number of anglers counted at time t. The estimated total angler

hours for each month are reported in Table 5.

Laboratory Apparatus

Laboratory bio-as say procedures were patterned after those

suggested by Doudoroff et al. (1951). Such modifications of

DoudoroffTs methods as were necessitated by the specific require-

ments of the tests are explained under the appropriate subheadings.
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Experimental Aquaria

Aquaria used to hold test fish were wide-mouth, five-gallon,

clear, glass jars. Each jar was filled to 18 liters with a combination

of KME and salt water mixed to some predetermined percentage.

Aeration

Small diaphragm or piston-type air pumps were used to

introduce air into the experimental aquaria. Carborundum stones,

situated at the end of each air line, enhanced diffusion of the gases

into and out of the test liquid. Proper air flow was obtained by use

of a small bleeder valve connected to the main air line. Doudoroff

etal. (1951) do not recommend aeration. However, due to use of

a higher ratio of fish mass to water volume than that recommended

by Doudoroffetal. (1951), aeration was used to maintain adequate

levels of dissolved oxygen in the test and control solutions.

Constant Temperature Room

A constant water temperature of 19 ± 2 C was maintained in

the test aquaria by use of a thermostatically controlled heater-fan

combination at one end of the research room. The heater-fan

combination produced a fairly constant air temperature which in
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turn produced a nearly constant water temperature in the test

aquaria.

Bio-as say tests were conducted in the dark, except for short

periods when work in the laboratory made it necessary to turn on

the lights in the constant temperature room. Test specimens were

more excitable and increased their physical activity in the presence

of light.

Holding Tank

Fish to be retained for bio-as say purposes were held in a

250-gallon, wooden, water tank located in a shed adjacent to the

constant temperature room (Figure 2). Water for the holding tank

was provided from a series of supply tanks which were filled with

Yaquina Bay water pumped from immediately in front of the

laboratory at low tide each day. Compressed air was supplied to

the holding tank through a rubber tube fitted at the submerged end

with a carborundum stone.

Collecting Gear

Gear used to capture fish for test purposes was a tied ruin-

now seine and a small otter trawl. A 16-foot boat and 18 horse-

power outboard motor were used to pull the trawl. Crab pots were

used to obtain some of the larger Dungeness crabs.
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Figure 2. Wooden tank used for holding fish for test purposes.



Biological Procedures

Results of the angler-catch survey were used to determine the

five most frequently caught fin-fish species of the bay. These five

species (white seaperch, striped seaperch, pile seaperch, starry

flounder and kelp greenling), in addition to the Dungeness crab were

used in bio-as say tests since they were judged to be the most

economically important species taken by sport fishermen of the

bay. In addition, the young of walleye surfperch were captured in

the same areas as the young of other perch and were used as test

animals. English sole were also used as test animals because of

their small size, availability and ease of handling. Pacific herring

(Clupea pallasii), jack smelt (Atherinopsis californiensis) and black

rockfish (Sebastodes melanops) were of economic importance but

because the young were difficult to capture they were not used in

the bio-as says.

Source of Test Specimens

Both vertebrate and invertebrate test specimens were ob-

tamed from Yaquina Bay. A majority of the fish were captured at

low-tide by otter trawl. On minus tides, good fish catches could

be made by towing the trawl along the edge of exposed mud flats

where small fish seemed to collect. The length of towing time was

limited to about three minutes to minimize damage to fish collected



19

in the trawl.

On extremely low tides, the 100-foot seine could be effectively

used for the capture of small fishes in the small water channels

exposed in the mud flats.

Dungeness crabs were captured in the otter trawl and in crab

pots. Some crabs of small size were handpicked from the oyster

trays of commercial growers.

Holding Procedure

Captured fish were retained in the holding tank until enough

of one species had been collected for a test. Crabs were held near

the laboratory in submerged, wire cages attached to a floating dock.

Fish in the holding tank were fed chopped clams (Mya arenaria)

and mud shrimp (Upogebia and Callianassa). Crabs were fed fish.

Acclimation

Both fishes and invertebrates were held at temperatures

below that of the test media. Therefore, specimens to be used in

tests were acclimated to experimental conditions in the constant

temperature room. Acclimation was accomplished by placing the

fish in aquaria with water of the same temperature as that in the

holding tank. Water in the aquaria was then allowed to come up to

room temperature (19± 2 C) over several days. Doudoroff et al.
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(1951) suggested that test organisms be acclimated for at least ten

days. Lack of suitable aquaria and laboratory space limited the

time for acclimation to two or three days. Test specimens were not

fed during acclimation or test periods so that they could empty

themselves of waste products and thereby retard the fouling of the

experimental solutions.

Bio-assay Procedures

All bio-assays were conducted for 96 hours or until most of

the test organisms died. Both the preliminary and final tests were

carried out in the constant temperature room at 19 + 2 C (Figure 3).

Dissolved oxygen levels were generally maintained at five p. p. m. or

higher. No attempt was made to test the effects of dissolved oxygen

concentrations on fish survival: however KME does have a high

chemical toxicity and usually becomes toxic to the fish before the

bio-chemical oxygen demand attributable to the presence of KME

reaches levels that would greatly affect the oxygen supply (McKee,

Edward and Wolf, 1963 and Waldichuk, 1962).

Preliminary Tests

Preliminary tests using a small number of organisms were

conducted for each species to determine the approximate upper

and lower limits of toxicity of KME. The lower limit was defined



Figure 3. A bio-.assay in progress. Note the clearness of
the control solution on the extreme left as
compared to the progressively stronger (and
darker) test solutions containing KME.
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as that concentration at which all the organisms lived for 96 hours.

The upper limit was defined as that concentration at which most of

the organisms died within 24 hours. Once these two points were

determined, they were marked off on a log scale. The distance

between the points was divided into equal sections according to the

number of concentrations to be tested. The location of the point

on the log scale at the end of each section represented a test con-

centration. This method was not adopted in time for use with the

starry flounder and the Dungeness crab. For these two species

the concentrations were increased by five or ten percent according

to the range to be tested.

Final Tests

Fish chosen for the final tests were the smallest available.

Average lengths and weights are given in Table 1. No abnormal

or injured fish were used in the tests, and no single fish was used

more than once for experimental purposes. If available, 20

specimens were used per test concentration. When over 10 fish

were used per concentration, the fish were equally divided into two

jars per concentration. If sufficient fish (20) were not available

the greatest number on hand was used. Doudoroff et al. (1951)

recommended using no more than two grams of fish per liter of

test solution, but because of the large size of the test specimens in



TABLE 1. Weights and sizes of live test organisms.

Species Weight (grams) Length (millimeters) Remarks
Max. Mm. Av. Max. Mm. Av.

Starry
flounder. 50. 0 2. 2 22. 1 190. 0 58. 0 102. 8 Total length

White
seaperch None None 3. 8 76. 0 57. 0 67. 6 Fork length

Dungenes s
crabs

small size 44. 8 3. 2 10. 3 65. 0 26. 0 37. 2 "length is
large size 136. 0 76. 0 112. 1 100. 5 78. 0 90. 5 carapace width

Striped
seaperch 14. 9 6. 6 9. 5 97. 0 78. 0 87. 3 Fork length

Kelp
gr.eenhing 22. 1 3. 5 12. 2 130. 0 75. 0 105. 0 Total length

English
sole None None 4. 5 80. 0 62. 0 72. 2 Total length
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relation to the available test aquaria it was not possible to follow

this recommendation.

At the end of every 24 hours, all test and control solutions

were renewed to prevent possible detoxification of the waste by the

test organisms which could result in a higher 48 or 96 hour TLm

All dead fish or crabs were removed from the test containers

and their number recorded as soon as observed. Death criteria

were as follows: Fish were considered to be dead when they ex-

hibited no response to the manual stimulation of being prodded with

a probe. Crabs were stimulated by forced separation of the

mandibles. Live crabs would immediately attempt to pinch the

offending object. Dead crabs showed no response to stimulation,

and the separated mandibles usually would remain open.

Chemical Methods

Samples for chemical analyses were obtained every 24 hours,

just before solutions in the aquaria were changed or at the end of

the test period. Water temperature was recorded at the same time.

Salinity samples were taken from control aquaria only (see dilution

methods for reasons).
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Dissolved Oxygen

Determinations for dissolved oxygen were made according

to the Alsterberg (Azide) modification of the Winkler method (Amer.

Public Health Assoc. , 1960) which reduces any possible inter-

ference from nitrites present in the water. There are substances

in the KME waste that interfere with the oxygen determination by

the modified Winkler method and produce lower oxygen values

than actually exist in the solutions (Breese, 1965, DeWitt, 1963).

The exact amount of interference has not been established, however,

the modified Winkler method is the best method available for

determining dissolved oxygen levels in waste solutions containing

KME,

Hydrogen Ion Concentration

Hydrogen ion concentration was determined with a battery

operated, Model N- 2, Beckman pH meter.

Salinity

All salinity determinations were made by use of hydrometers

and a conversion table correlated with temperature.



26

Kraft Mill Effluent

Kraft mill effluent was obtained at the Georgia-Pacific paper

mill at Toledo, Oregon. Separate samples of strong waste and weak

waste were collected by Georgia-Pacific laboratory personnel. At

the present time the strong waste water is pumped to the ocean for

discharge. The weak waste is pumped directly into the bay at Toledo.

At periodic intervals, automatic sampling devices on each

waste line collected a small quantity of effluent. The small samples

from each line were combined in separate 55 gallon holding tanks.

Each Thursday the composite samples, representing seven days'

effluent, were brought to the laboratory. The strong waste samples

were stored out of direct sunlight, and in stoppered glass containers.

The weak waste was stored out of direct light in open, wide-mouth,

five gallon jars (Figure 4).

Flow figures for each seven-day period were supplied by

laboratory technicians at the Georgia-Pacific mill. Using the flow

figures, the strong waste, weak waste and water fractions were

combined to form a representative total waste. Total waste repre-

sents the probable effluent that the mill would discharge if all wastes

were placed directly into the bay at one point.

Salt water was added to the aquaria in place of the fresh-

water fraction to keep the salinity as high as possible in high

percentage KME test solutions. This was done to prevent placing
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Il

Figure 4. Examples of weak and strong waste. The center
container holds weak waste and the two outside
jars contain strong waste.



an extra stress on the test organisms due to lowered salinities

that would result if fresh water was used as a diluent, and to ap-

proximate the high salinity conditions of the bay during low river

flow of fresh water in the summer.

Waste Concentrations

Using the separate flow figures supplied by the paper mill,

ratios of water, weak waste and strong waste were calculated.

The weak waste and strong waste were combined according to their

ratios of actual discharge from the Georgia-Pacific mill. The

resulting mixture was used in making_up the dilutions of waste to

be used in the aquaria. For example, waste discharge ratios

might be as follows: water-27. 0 percent, weak waste-iS. 1 percent,

strong waste-S 7.9 percent. The weak and strong waste ratios

combined equal 73. 0 percent. If a 50 percent mixture s needed,

the calculations would be as follows: 50 percent of 18 liters =

9 liters or 9,000 milliliters. Seventy-three percent of 9,000

milliliters equals 6,S70 milliliters or the total waste to be added

to the aquaria. The fresh-water fraction is replaced with salt

water. Therefore the total salt water added would be 18 liters

minus 6.570 liters or 11.430 liters.
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Estimation of TLm

The median tolerence limit (TL ) represents the theoreticalm

concentration of a toxic substance at which 50 percent of the test

organisms are killed. A TL is derived for each species by

straight line graphical interpolation after the method recommended

by Doudoroff etal.,(1951) and Jackson (1963).
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RESULTS

Analysis of the survey of anglers conducted at Yaquina Bay

revealed that 3, 260 sportsmen were interviewed and that they spent

approximately 2, 790 hours in quest of food fishes and invertebrates.

These anglers harvested 375 pounds of chinook salmon, 155 pounds

of coho salmon, 68 pounds of cutthroat trout, 9 pounds of steelhead,

271 pounds of Dungeness crabs, 1,880 pounds of clams and 3,249

pounds of miscellaneous fishes. Of the sportsmen interviewed,

24 fished for Dungeness crabs, 384 clammed, 198 angled for trout

and steelhead, 387 angled for salmon and 2, 267 angled for miscel-

laneous fishes. These angling effort statistics indicate the im-

portance of miscellaneous fishes to the sports fishery in the bay.

The following species of miscellaneous fishes were the most

important, by weight, in the catch of the anglers interviewed:

white seaperch, striped seaperch, pile seaperch, starry flounder,

Pacific herring, jack smelt, kelp greenling and black rockfish.

Since this thesis is concerned mainly with the influence of KME

on the distribution of certain sport fishes in Yaquina Bay, I will

present the data on the catch and distribution of the miscellaneous

species used in the bio-assays in detail.

The hours spent angling for miscellaneous fishes, the corn-

bined weight of the fishes caught, the pounds of fishes captured
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per angler hour and the percent by weight of each of the test species

in the catch of the anglers interviewed is reported by month in

Table 2. The total weight of each of the test species for each zone

and for a sampling year is recorded in Table 3. Also, for the

month of August, 1963, the sample weight and the estimated weight

for each test species and the percent of these weights for each

species by zone is recorded in Table 4.

The estimated monthly catch of miscellaneous fishes was

determined by multiplying the pounds of fishes captured per angler

hour (Table 2) by the estimated numbers of angler hours, as

determined by Stevens (1965), for each month (Table 5). The total

estimated weight of the catch of each test species for each month

was determined by multiplying the estimated monthly catch (pounds)

by the percent of the sample catch comprised by each species

(Table 5).

The period of May through September contained the months

in which the largest numbers of estimated angler hours were

recorded (Table 5). The largest number of angler hours was re-

corded in August and the largest estimated catch occurred in May.

White seaperch were the most important species in the total yearly

catch (pounds) followed in order by starry flounders and pile sea-

perch. For the whole sampling year, Zone II yielded the largest

weight of fish captured while the next to largest catch was



TABLE 2, Number of angler hours weight of miscellaneous fishes captured, weight of fishes captured per angler hour
and percent by weight of the test species in the catch of the anglers, interviewed each month for one year
in Yaquina Bay.

Date
Angler
Hours

Weight (lbs.)
of Misc, Fish

Catch (lbs.
)

pergler Hr.
White
seaperch

Percent
Pile
seaperch

weight of each species in the monthly catch
Striped Walleye Kelp
seaperch surjph greenling

Starry
flounder

8-63 877.5 282.0 0,3 9 15 4 3 15 29

9-63 914.5 329,5 0.4 5 10 5 0.5 4 9

10-63 31.3 14,25 0.6 7 0 0 0,9 18 73.6

11-63 1,5 0.25 0.2 0 0 0 0 100 0

12-63 65,4 263.75 4,0 15 0 12 0,4 2 3

1-64 722 82.75 1,5 45 12 34 0 3 2

2-64 118.3 149.5 1.3 3.5 15 6 8 7 2

3-64 316.2 113,0 0.4 17 7 18 7 16 22.3

4-64 393.1 438.25 1.0 9 38 14 0.3 8 21

5-64 443.5 692.25 1.6 33 21 15 0 0.9 19

6-64 S69.5 336,5 0.6 21 0 9 0.2 5 11

7-64 1085.3 546.5 0.5 13 5 7 2 5 16

N)



TABLE 3. Total weight of each of the test species in each zone, for one
sampling year in Yaquina Bay.

Weight in pounds for each test species in each zone
White Pile Striped Walleye Kelp Starry

Zone seaperch seaperch seaperch surfperch greenling flounder Total

I 39.0 7.5 64.0 1.3 80.0 152.5 344.3

II 387.8 288.3 274.8 40.5 89.0 265.0 1345.4

III 120.0 167.3 14.8 3.3 0.8 85.5 391.7

IV 5.5 0.0 0.0 0.0 0.0 3.5 9.0

V 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 552.3 463.1 353.6 45.1 169.8 506.5 2090.4



TABLE 4. Sample weight and estimated total weight for each test species and the percent of these weights for
each species in each zone for the month of August, 1963, in Yaquina Bay.

Percent of the sample weight in each zone
Sample

White seaperch 24.5 6. 1 80.8 13. 1

Pile seaperch 42.5 1.2 94.1 4.7

Striped seaperch 10.5 57. 1 42.9 0.0

Walleye surfperch 9.5 0.0 94.7 5.3

Starry flounder 82.5 51.8 48.2 0.0

Kelp greenling 41.5 35.5 64.5 0.0

Estimated weight for each zone
Estimated

557.7 34.0 450.6 731

929.5 11.1 874.7 43.7

247.9 141.6 106.3 0.0

185.9 0.0 176.0 9.9

1797.1 930.9 866.2 0.0

929.5 330.0 599.5 0.0



TABLE 5. Estimated total angler hours and catch of miscellaneous fishes, and estimated weight of each test
species in the catch for each month in Yaquina Bay.

Date
Estimated

Hrs.*
Estimated
Catch (lbs.)

White
seaperch

Estimated weight (lbs.) of each species in the catch
Pile Striped Walleye Kelp
seaperch seaperch surperch greenlin

Starry
flounder

8-63 20,656 6196.8 557.7 929.5 247.9 185.9 929.5 1797.1

9-63 11,469 4887.6 244.4 488.8 244.4 24.4 195.5 439.9

10-63 1,561 936.6 65.6 0 0 84.3 168.6 6893.4

11-63 1,900 380.0 0 0 0 0 380.0 0

12-63 2,392 9568.0 1435.2 0 1148.2 38.3 191.4 287.0

1-64 1,116 1674.0 753.3 200.9 569.2 0 50.2 33.5

2-64 3,773 4904.9 171.7 735.7 294.3 392.4 343.3 98.1

3-64 4,745 1898.0 322.7 132.9 314.6 132.9 303.7 423.3

4-64 4,495 4495.0 404.6 1708.1 629.3 13.5 359.6 944.0

5-64 10,804 17,286.4 5704.5 3630.1 2593.0 0 155.6 3284.4

6-64 9,465 5679.0 1192.6 0 511.1 11.4 284.0 62L7

7-64 17,206 8603.0 1118.4 516.2 602.2 172.1 430.2 1376.5

*From Stevens (1965).
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harvested from Zone III (Table 3).

In the month of August, the most important fish species in

the catch (pounds) was the starry flounder, followed in order by

the pile seaperch and kelp greenhing (Table 4). The populations of

white and pile seaperches appeared to be uniformly distributed

throughout the bay. The peak of the distribution curve for each

species occurred in Zone II. According to the sample catch in-

formation, striped seaperch, walleye surfperch, starry flounder

and kelp greenling were restricted in their distribution. Walleye

surfperches were not recorded in the catch for Zone I, and striped

seaperch, kelp greenhing and starry flounder were not recorded in

the catch for Zone III (Table 4).

Preliminary bio-as says were conducted to establish the ap-

proximate range of toxicity of the KME for each species tested.

Final bio-as says were conducted subsequently and the resulting

survival data for each species is presented in Tables 7 through

12. Daily median tolerance limits (TLm'S) for each species are

presented in Table 6. Since there was no apparent correlation of

the chemical data on test solutions with the final survival data,

I have placed the chemical data for each final test series in the

Appendices Nos. 1 through 8. Preliminary data only are presented

for walleye surfperch and pile seaperch (Tables 13 and 14). A

lack of sufficient numbers of test specimens prevented the



TABLE 6. Daily median tolerance limits as percent KME for each species tested.
LLm as percent KME at each time period

Species Z4hrs. 48hrs.72hrs. 96hrs. Remarks
White seaperch 26.0 17.0 11.9 10.6 The 24 hour TL is approximate.
Striped seaperch a 17.3 11.0 9.6
Starry flounder 88.5 25.0 15.0 12.2

English sole 24.5 18. 7 12.6 8.5

Kelp greenlin 31. 0 21.4 15. 2

Dungeness crab Included test concentrations up to
50 percent KME.

aA solid line indicates that all test specimens survived.

TABLE 7. Daily percent survival of white seaperch in various concentrations of KME.
Time Percent survival of white seaperch at each test concentration. a
Period Percent concentration of KME
(hours) (control) 6.0 9.4 14.0 21.0 320b

24 100 100 100 100 94 0

48 100 94 100 61 39 -

72 100 89 83 28 6 -

96 100 83 72 0 0 -

aEach test group was composed of 18 white seaperch.
Most fish were dead before 12 hours.

-1



TABLE 8. Daily percent survival of striped seaperch in various concentrations of KME.

Time
period

Percent survival of striped seaperch at each test concentration. a
Percent concentration of KME

0. 0(control) 4. 0 6.0 9.0 13. 0 20. 0(hours)
24 100 100 100 100 100 100

48 100 100 90 90 100 20

72 90 100 80 90 10 0

96 80 100 80 60 0 -

aEach test group was composed of ten striped seaperch.



TABLE 9. Daily percent survival of starry flounder in various concentrations of KME.

Time
period

Percent survival of starry flounder in each test concentration. a
Percent concentration of KME

0. O(control) 5. 0 10. 0 20. 0 30. 0 40. 0 50. 0(hours)
24 100 100 100 94 100 89 78

48 94 100 94 72 30 0 0

72 94 100 89 22 0 - -

96 94 94 67 6 - - -

aEach test group was composed of 18 starry flounder.



TABLE 10. Daily percent survival of English sole in various concentrations of KME.

Time
Percent survival of English sole at each test concentration, a

Percent concentration of KMEperiod
(hours) 0. 0(control) 5.0 10. 0 ZO. 0 30. 0 40. 0 50. 0

24 100 100 100 100 0 0 0

48 100 100 95 45 - - -

72 100 100 75 0 - - -

96 100 100 35 - - - -

aEach test group was composed of 20 English sole.



TABLE 11. Daily percent survival of kelp greenhing in various concentrations of KME.

Time
Percent survival of kelp greenling at each test concentration, a

Percent concentration of 1MEperiod
(hours) 0. 0(control) 8.0 12. 0 17. 0 24. 0 35, 0

24 100 90 90 100 70 80

48 100 80 90 80 70 40

72 100 80 80 70 40 0

96 100 80 72 40 0 -

aEach test group was composed of ten kelp greenling.



TABLE 12. Daily percent survival of Dungeness crabs in various concentrations of KME.

Test
time
(hours)

24

48

72

96

Percent survival of large Percent survival of small
Dungeness crabs at each Dungeness crabs at each
test concentration, a test concentration. b

Percent concentration of KME Percent concentration of KME
0. 0(control) 50. 0 0. 0(control) 50. 0

100 100 94. 0 100

100 100 88.0 100

100 100 82. 0 94

100 100 82. 0 94

aEach test group was composed of ten large Dungeness crabs.
bEach test group was composed of 17 small Dungeness crabs.

N.)



TABLE 13. Results of preliminary bio-assays on walleye surfperch in various concentrations
of KME.

Test
time
(hours)

24

48

72

96

I Percent survival of walleve surfperch at each test concentration. a

0. 0(control)
100

100

100

80

Percent concentration of KME
4. 0
100

80

80

60

8. 0

100

80

0

aEach test group was composed of five walleye surfperch.

16. 0

60

0

32. 0
0

(I.)
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TABLE 14. Results of preliminary data on daily percent survival
of pile seaperch in various concentrations of KME.
Test A

Test Percent survival of pile perch at each test
time concentration.
(hours) Percent concentration of KME.

0.0(control) 4.0 8.0 16.0 32.0
24 100 100 100 100 17

48 100 100 100 100 0

72 100 100 100 _a
96 100 100 86

No. fish
per conc. 7 7 7 6 6

Test B
Test Percent survival of pile seaperch at each test
time concentration.

concentration of KME(hours) -_Percent
0.0(control) 16.0 20.0 30.0

24 100 75 63 50

48 100 0 0 0

72

96

No. fish
per conc. 8 8 8 8

aFaulty air equipment caused a low D. 0. and resulting death.
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establishment of final bio-as say test results for these two species.

The TLm for white seaperch was 17. 0 percent KME in 48

hours and 10. 6 percent KME in 96 hours (Table 6). Test con-

centrations of KME ranged from 6. 0 to 32. 0 percent by volume.

All white seaperch died before 12 hours in the 32. 0 percent con-

centration (Table 7).

Test results on striped seaperch were similar to those for

white seaperch. The 48 hour TL was 17. 0 percent and the 96

hour TL was 9. 6 percent KME (Table 6). Tested concentrationsm

of KME ranged from 4. 0 to 20. 0 percent, with most of the seaperch

living over 24 hours in the 20. 0 percent concentration. No fish died

in the 4. 0 percent concentration (Table 8). Two out of 10 (20 per-

cent) of the control specimens died. Since there were no mortalities

in the 4. 0 percent concentration, the test was considered to be valid.

Starry flounder had a 48 hour TL of 25. 0 percent KME and

a 96 hour TL of 12. 2 percent (Table 6). Test concentrations of

KME ranged from 5. 0 to 50. 0 percent with most of the flounder

living for 96 hours in the 5. 0 percent concentration of KME (Table

9). Seventy-eight percent of the flounder lived for over 24 hours

in the 50. 0 percent concentration.

English sole were tested in concentrations of KME from 5. 0

to 50. 0 percent (Table 10). All sole lived in the 5. 0 percent

concentration but none were able to live in the 30. 0, 40. 0 and



50. 0 percent concentrations. No sole lived over 72 hours in the

20. 0 percent concentration. The 48 hour TL for English sole

was 18. 7 percent and the 96 hour TL was 8.. 5 percent KME

(Table 6).

Kelp greenling had a 48 hour TL of 31.0 percent KMEand

a 96 hour TL of 15. 2 percent (Table 6). Test concentrations

ranged from 8.0 to 35.0 percent (Table 11). Even with concentra-

tions as high as 35. 0 percent KME, there were insufficient mortal-

ities to establish a 24 hour TL . In the 35. 0 percent concentration,
m

fish survived over 48 hours, but all were dead by the end of 72

hours.

Dungeness crabs were the least affected by the concentrations

of KME tested. KME concentrations up to 50. 0 percent produced

no mortality of adult crabs and only a 6. 0 percent mortality of

small crabs (Table 12). A mortality of 18.0 percent occurred in the

control group of small crabs. Some of the small crabs molted

while in the test aquaria and were unable to defend themselves

until their exoskeletons hardened. Therefore, test mortalities

of small crabs were thought to be primarily due to cannibalism

rather than KME toxicity, since crabs with soft exoskeletons were

able to survive if not attacked.

Preliminary tests of five walleye surfperch per aquaria were

conducted in concentrations of 4. 0, 8. 0, 16. 0 and 32. 0 percent KME
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(Table 13). No fish survived for 24 hours in the 32. 0 percent

concentration. The 1 6. 0 percent concentration killed all the fish

before the end of 48 hours and no fish lived for 72 hours in the 8. 0

percent solution. Therefore, the 48 hour TL would be approxi-m

mately 11.0 percent and the 96 hour TLm would be approximately

5. 0 percent.

Pile seaperch were subjected to preliminary tests in two

different weekly samples of KME. One sample of waste in con-

centrati.ons of 4. 0 to 32. 0 percent produced a significant mortality

in the 32. 0 percent concentration in less than 48 hours (Table 14,

test A). There was, however, no KME induced mortality in the

16. 0 percent concentration after 48 hours. Following the 48 hour

period, faulty air equipment resulted in the removal of the 16. 0

percent concentration from the test series. The other test con-

centrations continued until the end of 96 hours with no significant

mortality.

A second series of KME concentrations of 16.0, 20.0 and

30. 0 percent were tested with pile seaperch (Table 14, test B).

In this test no fish lived over 48 hours in any of the KME solutions.

Since fish were able to live in 16. 0 and 32. 0 percent KME during

the first test, the varying results seem to emphasize the variations

in KME toxicity that can occur.

The maximum allowable concentrations of KME for the species



tested were determined by the use of one-tenth of a 48 and 96 hour

TL and are listed in Table 15. The computed safe concentration,m

or maximum allowable concentration, using one-tenth of a 48 hour

TLm is approximately twice as strong as the concentrations re-

sulting from the use of one-tenth of a 96 hour TL in all testsm

except those for the white seaperch. Maximum allowable concen-

trations, calculated from the 48 and 96 hour TL 's, have beenm

used as a basis for the prediction of distributions of fishes in the

bay if KME were present. I have based my final conclusions on

the concentrations determined by one-tenth of a 48 hour TL sincem

that application factor is the one most frequently used in the liter -

ature (Aquatic Life Advisory Committee, 1955, Henderson, 1958).

TABLE 15. Maximum allowable concentration of KME for each
species tested computed with an application factor
of 0. 1 x 48 hour TL and 0. 1 x 96 hour TL

rn
TL 4X 0. 1 TL 9X 0. 1ecies m m

White seaperch 1.7 1.06

Striped seaperch 1.73 0.96

Starry flounder Z. 5 1. 22

Englishsole 1.87 0.85

Kelp greenling 3. 1 1. 52

Dungeness crab - -
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DISCUSSION

Several problems arose in the conduct of the angler surveys.

Occasionally an uncooperative angler would be encountered by the

interviewer. If the angler refused to answer questions, the inter-

viewer was instructed not to persist. In this manner we hoped to

prevent the recording of erroneous information that might be given

by an angry sportsman and the build-up of ill-will toward the

survey. The problem was a small one since most anglers were

cooperative.

Correct angler counts were sometimes hard to obtain during

periods of bad weather. Many of the larger boats were almost

completely enclosed and the only way to determine the number of

fishermen in such a boat was to count the number of fishing rods

extending from the rear of the boat. This was fairly difficult when

the angler counts were conducted from an automobile.

Another problem was the poor visibility that sometimes made

accurate angler counts almost impossible. On some days, early

morning counts could not be made due to the combination of scant

light and thick fog. Heavy rain reduced visibility almost as badly

as did the fog.

Some difficulty was encountered inconducting counts of

anglers in Zones IV and V. These counts were conducted from an
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automobile along a road that followed the general course of the

estuary. There were a few places where portions of the estuary

could not be observed and the person conducting the count would

have to stop and listen for any boat activity. If a boat was present,

the surveyor would walk to the estuary to ascertain the number of

anglers in the boat. Bank anglers could be detected by the presence

of their vehicles parked along the road.

The distribution of the various fishes was determined by zone

only. As the anglers were interviewed, the area in which they were

fishing was not specifically located. Because of this, the precise

location and relative abundance of the various species caught by

the anglers interviewed in each zone could not be determined.

According to data from the catch sampled, some of the

populations of fish appeared to be restricted in their distribution

during the month of August. Even though kelp greenling and starry

flounder were not recorded in the catch for Zone III in August, 1963,

small fishes of these two species were captured in Zone III in

August, 1964, as far up the bay as mile 11 (Jacobson, 1965).

Striped seaperches were caught around mile point 7 (Zone III)

during earlier (Gnose, 1965) and later periods of the year even

though they did not occur in the catch records for Zone III in

August. Walleye surfperches were not reported from Zone I in

August, 1963, but were captured there in other months of the year.
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There may be some ecological factor that prevented these fishes

from inhabiting these areas, but the possibility seems remote.

A more logical assumption would be that the fish were present in

the zones mentioned but were not captured by the anglers inter-

viewed.

Before applying the bio-as say results to the natural distri-

butions of the fish, consideration must be given to several problems

encountered in the testing process: Data from the final test on

white seaperch show a low dissolved oxygen level in the 32. 0 percent

concentration of KME (Appendix 1). The low dissolved oxygen level

was caused by faulty aeration equipment and the resulting data

from the 32. 0 percent concentration were not used.

The final test on starry flounder required a large quantity

of KME. Therefore, to insure enough effluent from one weekly

sample for the complete 96 hour test, the fish in the 20. 0 percent

concentration in test series A and B were combined when the total

number of surviving fish in both series numbered ten or less

(Table 9). The same procedure was applied to the 30. 0 percent

concentration in series A and B. The survival data for these fish

for 7 and 96 hours were recorded under test series A.

When testing Dungeness crabs at 50. 0 percent concentrations

of KME, it was difficult to maintain a high level of dissolved oxygen

(Appendix 2 and 3). Attempts to increase the level of dissolved
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oxygen in the aquaria by increasing the rate of aeration were not

successful. Increased aeration in the salt-water mixture produced

a violent foaming action. The foam increased until it flowed out of

the aquaria and onto the floor (Figure 5). Waldichuk (1962) noted

that salt water tended to enhance the frothing action of some of the

black liquor constituents of KME. If the foaming was allowed to

continue until it stopped, the KME èolution in the aquaria turned a

lighter color and a soapy-feeling black scum would form on the

outside of the aquaria and on the floor where the wet foam had col-

lected and dried. As the wet foam collapsed, both a soapy scum

and a small amount of liquid residue remained.

Breese (1964) used bay mussel larvae (Mytilus edulis) to test

the toxicity of the dried foam and the liquid residue. He concluded

that the dried foam seemed more toxic than the liquid residue

produced by violent aeration. Additional testing showed a substantial

loss of toxicity of the original KME concentration when the wet foam

was not returned to the waste. In order to prevent excess foaming,

the aeration rate was reduced and this resulted in the low levels of

dissolved oxygen.

Harris (1964), in the Department of Civil Engineering of

Oregon State University, utilized salinity and river flow data

obtained by Burt and Marriage (1957) to determine average KME

concentrations inYaquina Bay (Figure 6). The concentrations
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Figure 5. An example of foaming that occurred when rapid
aeration was introduced to concentrations of 50
percent KME.
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of KME reported by Harris were based upon selected waste discharge

points and on salinity and river flow data taken in August, 1955, and

February, 1956. August is the time period normally most critical

to fishes exposed to KME in the bay because this is the period of

low river flow when waste concentrations in the estuary will be

highest, and high water temperatures when available concentrations

of dissolved oxygen will be relatively low and metabolic activities

will be rapid. I have based my predictions of the effects of KME

on the populations of the tested species in Yaquina Bay on the

angler-catch information for August, 1963.

Predictions of the changes in the fish distributions in the bay

due to the location of the waste outfall at either Grassy Point or

Toledo will be made. A map of the bay area, marked off in nautical

miles coinciding with the mile points used in Figure 6 is presented

in Figure 7.

Several factors affecting the use of the TL Ts should be

mentioned. While conducting bio-assays on the chosen estuarine

species, I did not conduct simultaneous tests with the same effluent

on a standard test fish. Since the effluent from each weekly sample

was not tested with a standard fish, the bio-.as say results for each

species of fish can not be compared. Small changes in the toxicity

of the weekly samples of KME would not be detected unless a

standard test fish was used in a bio-as say of the effluent. The test
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results reported in this thesis however, should be in the approximate

toxicity range for each tested species. There are several reasons

for this statement: 1) The final test results were near the toxicity

levels indicated by the preliminary tests. 2) According to the

laboratory personnel at the pulp mill, there were no changes in

mill operation that would greatly affect the composition or toxicity

of the waste. 3) Of all the samples of KME used in the bio-assays

on fin-fish, only one sample had a toxicity level that seemed to be

appreciably higher than the other samples. That sample was used

in the preliminary test on pile seaperch and was easily detected.

Even with the combination of daily waste samples to one weekly

sample, a wide range of toxicity was noticed in this instance. These

variations emphasize the fact that researchers should be alert to

detect such wide ranges in the toxicity of KME as may occur.

Another factor affecting the TL 's was the aeration of the
m

waste in the aquaria. The aeration of the waste may have removed

some of the toxic, volatile components present in the waste, which

would raise the TL l for the species tested. There are several
m

reasons why the test results using aerated KME should be fairly

indicative of the effects of KME on fish populations in Yaquina Bay:

1) The strong effluent from the mill is aerated as it is pumped into

the storage lagoons. From the open lagoons the waste would be

pumped to the bay. 2) After entering the estuary, the waste must



travel through several tidal cycles and for a distance of 9 to 12

nautical miles down the estuary before it reaches the ocean.

Yaquina Bay is classed as a well mixed estuary from August through

November (Burt and McAlister, 1959) and KME wastes carried in

a mixed estuary should be well exposed to sanlight and air. By

the time such a waste reached the areas where substantial popula-

tions of fish exist, the toxicity of the more stable components of

the waste should be more important as a factor limiting distribution

of fish than the unstable waste components present near the discharge

area.

The toxicity values of aerated KME may be more indicative of

conditions that would occur up or down bay from the discharge point

of the Toledo pulp mill than the toxicity values established from a

waste that contained all of its volatile components. The toxicity

values expressed here, however, should not be used for any

purpose other than that for which they were established- -to give

an indication of the possible effects of KME on the distributions of

the more important estuarine fishes of Yaquina Bay.

I have made the following assumptions concerning the applica-

tion of the bio-assay results to the populations of the species tested:

1) The fishes used in the bio-as says were representative of

certain abundant species and should accurately reflect the effects

of KME pollution on populations of these species in Yaquina Bay.
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2) The conditions under which the laboratory bio-assays were

conducted are assumed to be analogous to natural conditions which

occur in the bay, thus allowing the direct application of theresults

of the bio-as says to the existing fish populations.

3) The populations of fish in the bay are assumed to be at an

equilibrium of abundance. Thus, if portions of the bay were polluted,

fish in the polluted areas would be displaced and would not be able

to reside in other areas of the bay, since the remaining areas that

could support fish populations would be already occupied. Any fish

so displaced would be lost to the fishery.

4) I make the same assumptions as Harris (1964) that the total

waste discharge from the pulp mill was 15, 000 gallons of effluent

per ton of pulp produced from a kraft process mill rated at 600 tons

per day and that the low river flow for August, 1963, was 33 cubic

feet per second. Harris (ibid) indicated that due to the scarcity of

river flow and salinity data and to the necessary approximations in

the computer solutionused, the average pollution concentrations

(he predicted) can only be considered as approximate.

5) The distributional levels (concentrations) of the tested

species are assumed to be constant throughout each zone.

6) The maximum allowable concentration of KME predicted

for each species tested is assumed to represent the point beyond

which the population of each species can not exist.



I recognize that the maximum allowable concentration may

not represent a true life or death point. Fish populations may be

able to exist for varying periods of time in concentrations greater

than the maximum allowable concentration There is no information

available on the effects of KME on the growth or reproductive suc-

cess of the species tested, even though a significant reduction in

either or both of these factors could prove to be limiting but not

necessarily fatal to the species. In fact, the life histories and

distributions of the species have not been clearly established.

Another unknown is the effect of KME on the food organisms.

The preferred food organisms of a species could conceivably be

greatly reduced by concentrations of KME that could be tolerated

by the prey species themselves. Breese (1964) conducted tests on

Phaeodactylum . and found a reduction in growth of the algae in

the presence of 5. 0 to 20. 0 percent KME. However, whether the

reduction was caused by some toxic action of the KME or by the

reduced light penetration due to the color of the KME was not

determined.

The avoidance reactions of the species tested to concentrations

of KME is not known. If the species tested tended to avoid very low

concentrations of KME, their distributions could be less than the

maximum allowable concentration of KME computed for each species.
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Application factors were used to provide an estimate of the

maximum concentration of KME that could be tolerated indefinitely

by each species of fish tested. Bio-assay results indicate the

concentrations of a substance which are safe or lethal to an organism

under short-term laboratory conditions. However, consideration

should be given to the long-term biological requirements of an

organism for reproduction, growth, feeding, etc. For this purpose,

Warren and Doudoroff (1958) recommended that application factors

be developed to convert the results of short-term, laboratory

bio-assays to the maximum concentrations of the toxicants in which

the organisms concerned could thrive.

Several types of application factors have been proposed by

various researchers. Hart, Doudoroff and Greenbank (1945) sug-

gested a formula based on the 48 hour TL , but this formula ism

no longer considered to be satisfactory (Warren and Doudoroff,

1958). One tenth of a 48 hour TLm was first suggested by the

Aquatic Life Advisory Committee (1955). The committee felt that

this represented a concentration of waste which usually would not

produce adverse effects on the aquatic organisms as a whole. The

committee also suggested that different application factors should

be established for different types of wastes.

The use of one-tenth of a TL, providing there is no large

difference between the Z4, 48, 7Z and 96 hour TLm1S has been
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suggested by Henderson and Tarzwell (1957). Henderson (1958)

later suggested the use of one-tenth of a 48 hour TL and Jackson

(1963) proposed one-tenth of a 96 hour TL. The use of an applica-

tion factor to determine the maximum allowable concentration of a

toxicant does not insure complete protection of a species. Con-

tinual checks must be made on the receiving stream in order to

determine whether the application factor has provided a reasonably

safe level of pollution (Henderson, 1958).

I have calculated the percent reduction in the total area of

distribution of each tested species for the month of August (Tables

16 and 17). If the waste was discharged at Grassy Point and if the

maximum allowable concentration was calculated from the 48 hour

TL , the percent reduction in area of distribution for the testedm

species would vary from 16 to 55 percent (Table 16). The population

of walleye surfperches would lose the largest amount of distribu-

tional area and the white seaperches would lose the next to largest

amount.

If the discharge point was located at Toledo and the same

application factor was used, the percent reduction of area of

distribution would be three to eight percent less than the reduction

in area that would occur if the location was at Grassy Point. The

walleye surfperches would lose the largest amount of distributional

area (Table 17). The discharge of KME at the Grassy Point outlet



TABLE 16. The percent reduction in linear distribution of certain fishes in
Yaquina Bay in August, calculated with one-tenth of a 48 and a
96 hour TLm, and based upon the discharge of hypothetical
quantities oTKME at Grassy Point.

0. 1 x 48 hr. TLm 0. 1 x 96 hr. TLm
Original Predicted Percent Predicted Percent

Discharge distribution distribution reduction in distribution reduction in
Species point (nauticalmi.) (nauticalmi.) distribution (nauticalmi.) distribution

Kelp Grassy
greenling Point 11 6.8 38% 5.8 47%

Starry
flounder H 11 6.7 39% 5.0 55%

White
seaperch 11 5.9 46% 5.0 55%

Striped
seaperch H 7 5.9 16% 5.0 29%

Walleye
surfperch 11 5.0 55% 3.8 66%

L)



TABLE 17. The percent reduction in distribution of linear area of certain fishes
in Yaquina Bay in August, calculated with one-tenth of a 48 or 96
hour

TLms

and based upon the discharge of hypothetical quantities
of KME t Toledo.

0. 1 x 48 hr. TLm 0. 1 x 96 hr. TLm
Discharge Original Predicted Percent Predicted Percent

Species Point Distribution Distribution Reduction Distribution Reduction

Kelp
greenling Toledo 11 7.3 34% 6.2 44%

Starry
flounder 11 7.0 36% 5.8 47%

White
seaperch 11 6.4 42% 5.8 47%

Striped
seaperch 7 6.4 9% 5.8 17%

Walleye
surfperch 11 5.8 47% 5.3 52%
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would reduce the available areas of distribution for the tested species

from 0. 3 to 0. 8 nautical miles more than if Toledo was used as the

waste discharge point.

The use of the 96 hour TL for computing the maximum al-

lowable concentration produced a larger reduction in distributional

area for either outfall location than was produced on the basis of

a 48 hour TL . Based on the 96 hour TL , the difference between

the amount of distributional area lost to the fish populations resulting

from the use of either outfall location would be from 0.4 to 1.5

nautical miles, with the use of the Toledo outlet producing a smaller

reduction in the fish distributions. Waste discharge at Toledo

would result in a reduction of almost 50 percent of the area of dis-

tribution for all species tested except the striped seaperch, while

waste discharge at Grassy Point would prevent the use of over 50

percent of the distributional area of all species tested except the

striped seaperch and the kelp greenling.

Since the catch was recorded by zone, a comparison was made

of the reduction of area in each zone, based on the discharge of

waste at Grassy Point or Toledo and calculated with 0. 1 x48 hour

TL and 0. 1 x 96 hour TL (Table 18). If the waste outlet was

placed at Grassy Point and if the 48 hour TL was used in computing

the maximum allowable concentration, almost all of Zone III would

be unusable to the tested species. Zone II would be reduced slightly



TABLE 18. The percent reduction in areal distribution for each species in each zone for August, calculated with one-tenth
of a 48 or 96 hour median tolerance limit (TLm) and based upon a discharge point of Grassy Point or Toledo.

GRASSY POINT TOLEDO
Percent reduction of are a in each zone Percent reduction of are a in each zone

0. 1 x 48 hr. TL,, 0. 1 x 96 hr. TL, 0. 1 x 48 hr. TL. I 0. 1 x 96 hr.

Kelp greenling 0 0 84 0 10 100 0 0 74 0 0 96

Starry flounder 0 0 86 0 25 100 0 0 80 0 5 100

White seaperch 0 2.5 100 0 25 100 0 0 92 0 5 100

Striped seaperch 0 2.5 100 0 25 100 0 0 92 0 5 100

Walleye surfperch 0 25 100 0 55 100 0 5 100 0 18 100
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for the white and striped seaperch populations. The walleye surf-

perches would lose 25 percent of their area of distribution in Zone II.

If the waste outfall was placed at Toledo, the effect of the waste on

all species would be reduced. Only walleye surfperch would be

reduced in area in Zone II and all species except the walleye surf-

perches could utilize a portion of Zone III. The percent loss of

distributional area would be Iess if the waste outfall was placed at

Toledo.

If the 96 hour TL , instead of the 48 hour TL , was used in

calculating the maximum allowable concentrations, the percent

reduction in area of distribution would be greater (Table 18). If

the waste was discharged at Grassy Point, 100 percent of the dis-

tributional areas of each species in Zone Ill would be unusable.

From 10 to 55 percent of Zone II could not be utilized by the tested

species. A waste discharge location at Toledo would still remove

100 percent of Zone III for all species except kelp greenling. The

percent loss of Zone II would only be 5 to 18 percent with most

species and no reduction of distributional area for kelp greenling.

Whether a 48 or 96 hour TL is used, the reduction of area of distri-m

bution would be less if the kraft mill waste was discharged at

Toledo and not at Grassy Point.

To determine the effect of the predicted concentrations of

KME on the sports catch, the percent reduction of distributional



area was multiplied by the estimated catch for each species in

each zone for the month of August and the results have been recorded

in Table 19. If the waste outfall were located at Grassy Point and

the 48 hour TL was used for estimating the maximum allowablem

concentration of each species, all of the catch of white seaperches

and walleye surfperches would be removed from the fishery in

Zone III. In Zone II a total of 58 pounds of catch would be unavail-

able with the surfperches comprising 44 pounds. If the outfall was

located at Toledo, only nine pounds of catch would be removed from

Zone II.

Use of the 96 hour TL in calculating the maximum allowablem

concentration removes a greater amount of the catch from the

fishery. With the waste outfall at Grassy Point, the amount of

catch removed from Zone II becomes larger. A total of 514 pounds

of catch would not have been available to the sportsman. By dis-

charging the waste at Toledo, the amount of catch removed from

the fishery would be less than if the outfall was located at Grassy

Point.

Based on the results of the angler survey and the bio-assays,

I have made the following conclusions:

1. A total of 3,260 sportsmen spent approximately 2,790 hours in

quest of food fishes and invertebrates in Yaquina Bay during the

sampling year.



TABLE 19. Predicted reduction in pounds of the estimated catch of each species in each zone for the month of
August, based on two different discharge points and two different application factors.

Species

GRASSY POINT
Reduction in weight (lbs.) of the estimated catch
0. 1 x 48 hr. TL 0. 1 x 96 hr. TL.m Lii

Zone I Zone II one III Zone I Zone II ne III

TOLEDO
Reduction in weight (lbs.) of the estimated catch
0. 1 x 48 hr. TL 0. 1 x 96 hr. TL

Lii m
Zone I Zone Ii tone Ill Zone I Zone II ZZne Ill

Kelp greenling 0 0 _a 0 60.0 0 0 - 0 0 -

Starry flounder 0 0 - 0 217.0 - 0 0 - 0 43.0 -

White seaperch 0 11.0 73.0 0 113.0 73.0 0 0 67.0 0 23.0 73.0

Striped seaperch 0 3.0 - 0 27. 0 - 0 0 - 0 5. 0 -

Walleyesurfperch - 44.0 10.0 - 97.0 10.0 - 9.0 10.0 - 32.0 10.0

aA dash occurs wherever there was no recorded catch.
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2. The following species of miscellaneous fishes were the most

important, by weight, in the catch of the anglers interviewed:

white seaperch, striped seaperch, pile seaperch, starry flounder,

Pacific herring, jack smelt, kelp greenling and black rockfish.

3. The largest number of angler hours was recorded in August and

the largest estimated catch occurred in May.

4. White seaperch were the most important species in the total

yearly catch (pounds) followed by starry flounders and pile seaperch.

5. The following 48 hour TL's as percent KME were determined

for each species: white seaperch--l7. 0, striped seaperch- -17. 3,

starry flounder--25. 0, English sole---18. 7, kelp greenling--3l. 0.

Dungeness crabs were not affected by the concentrations of KME

to 50 percent.

6. The maximum allowable concentration of KME for each species

tested computed with an application factor of 0. 1 x the 48 hour TLm

was: white seaperch--1..7 percent, striped seaperch--l.7 percent,

starry flounder--2. 5 percent, English sole--i. 9 percent and kelp

greenling- -3. 1 percent.

7. The greatest reduction in distributional area for the species

tested would occur if the kraft pulp mill waste outfall was located

at Grassy Point instead of Toledo, Oregon.

8. The following percent reductions in distributional area for each

of the tested species would occur if the 48 hour TL was used tom
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calculate the maximum allowable concentrations of KME discharged

at the Grassy Point location: White seaperch -46 percent, striped

seaperch--16 percent, starry flounder--39 percent, kelp greenling--

38 percent and walleye surfperch 55 percent,

9. One of the purposes for conducting this research was to show

relevant biological data needed to apply the results of bio -assays to

various pollutional situations. The application of the results of

bio-as says to the specific pollution problem attempted in this thesis

has revealed the following areas of needed research:

a. The avoidance reactions of estuarine fish to various

dilutions of KME should be investigated. Avoidance tests have

been conducted on some species oI salmon (Jones, 1955). These

tests were conducted under strict laboratory conditions and may

not be indicative of the actual reactions of fish in a natural environ-

ment. If estuarine fish tend to avoid sub-lethal concentrations of

KME, avoidance tests could be more important to the prediction of

changes in fish distribution than toxicity tests.

b. Additional research on application factors is needed.

After conducting the bio-assays for this thesis, I agree with the

statement of Warren and Doudoroff (1958) that simple application

factors should be developed, each intended for use in connection

with the control of one particular kind of waste only. If the applica-

tion factors of 0. 1 x the 48 and 96 hour TL's are going to be
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accepted, a responsible agency should recommend conditions under

which each application factor is used.

c. Information is lacking on the life histories of estuarine

fishes. Knowledge of the temperature requirements, oxygen re-

quirements and salinity tolerances of the individual species is needed

so that the effects of variations of these factors on fish under the

stress of KME pollution can be ascertained. The distributions of

larval, juvenile and adult fish should be accurately determined so

that the effects of KME on their distributions can be predicted. Life

history studies should also provide information on the food habits of

estuarine fish in order that bio-as says can be conducted on the pre-

ferred foods to check the effects of KME on these food organisms.

d. Tests should be made to determine the effects on the

bottom fauna of fiber beds resulting from the discharge of KME in

an estuary. According to Waldichuk (1962) the blanketing effect of

fiber beds can have very detrimental effects on the bottom fauna

of an estuary.

e. The seriousness of the tainting of fish flesh by KME should

be determined. Tamura, Itazawa and Morita (1954) reported the

KME gives an unpleasant odor to fish flesh. Taste may take

precedent over toxicity in determining the effects of KME on the

economic value of a fishery if the fish flesh is tainted by sub-

lethal concentrations of KME.
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APPENDICES



APPENDIX 1. Daily control salinities, dissolved oxygen and hydrogen ion concentrations
of solutions of KME containing white seaperch.

Percent concentration of KMEa
Test 6. 0 9. 4 l4. 0 21. 0 32. 0 0. O(control) Salinity

Time Series D. o b pH D. 0. pH D; 0. pH D. 0. pH D. 0. pH D. 0. pH of
conc. conc conc. conc. conc. conc. control
(mg/i) (mg/i) (mg/i) (mg/i) (mg/i) (mg/i) (p. p. t. )

24 A 6. 6 7. 7 5. 3 7. 7 6. 6 7. 9 6. 5 7 9 jc 7 7 5 5 7 5 26. 4

B 7. 4 8. 0 7. 3 7. 9 6. 1 7. 7 6. 7 7. 9 2. 8c 7. 7 8. 1 8. 1 26. 0

48 A 7. 2 7. 6 6. 7 7. 9 6. 6 8. 0 5. 9 8. 0 - - 7. 9 7. 9 25. 9
B 6. 8 7. 8 7. 8 8. 1 4. 7 7. 7 6. 7 7. 9 - 8. 1 7. 9 25. 6

72 A 7. 4 7. 9 6. 3 7. 8 6. 6 7. 9 6. i 7. 9 - - 7.4 7. 9 25. 9
B 7. 0 8. 0 6. 2 8. 0 6.8 7. 9 - - 7.4 8. 0 25. 8

96 A 7.4 7.9 6.5 7.8 6.9 8.0 6.9 8.0 - - 7.4 7.8 25.9
B 7. 7 8. 0 7. 2 8. 0 - - - - - - 8. 0 8. 1 25. 6

aComposition of KME used: water 44. 9%, weak waste 13. 0%, strong waste 42. 1%.
bDis solved oxygen.
cMost fish were dead within 12 hours.



APPENDIX 2. Daily salinity of control solutions and daily dissolved oxygen and hydrogen
ion concentrations of control and test solutions containing large Dungeness
crabs.

Test Percent concentration of KMEa
Salinity ofTime Series 50. 0 0. 0 (control)(hrs. controlbD. 0. p D. 0. pH
(p. p. t.)conc. conc.

(mg/i) (mg/i)

24 A 2. 2 7. 4 6. 4 7. 6 20. 3
B 4.0 7.6 5.8 7.5 19.9

48 A 3. 4 7. 5 6. 6 7. 5 20. 4
B 2.0 7.3 6.5 7.5 20.4

72 A 4. 6 7. 7 7. 6 7. 7 20. 3
B 0. 2 7. 2 6. 8 7. 6 20. 3

96 A 4. 8 7. 6 7. 5 7. 7 20. 4
B 4.2 7.7 7.2 7.6 20.4

aComposition of KME used: water 41. 0%, weak waste 6. 2%, strong waste 52. 8%.
bDissolved oxygen.



APPENDIX 3. Daily salinity of controls and daily dissolved oxygen and hydrogen ion
concentrations of control and test solutions containing small Dungeness
crabs.

Test Percent concentrations of KMEa
time
(hours)

Salinity of
control
(r. p. t.)

50. 0 0. 0 (control)

D. o b pH D. 0. pH
conc. conc.
(mg/l) (mg/i)

3.0 7.5 6.4 7.6 22.924

48 3. 1 7. 7 6. 8 7. 7 22. 6

72 4. 1 7. 7 7. 0 7. 7 22. 5

96 4. 6 7. 7 7. 2 7. 7 22. 5

aComposition ofKMEused: water 44. 9%, weak waste 13. 0%, strong waste 42. 1%.
bDiS solved oxygen.

-J
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APPENDIX 4. Daily salinity of control solutions and daily dissolved oxygen and hydrogen ion
concentrations of control and test solutions containing starry flounder.

IPercent concentrations of KIvIE.

Time Series ix o. b

cone.
(mg/i)

pH D. 0.
conc.
(mg/i)

24 A 7.6 7.9 7.8
B 7.4 7.8 7.5

48 A 7.4 7.9 7.4
B 7.0 7.6 7.2

72 A 7.6 7.9 7.3
B 7.3 7,9 7.0

96 A 7.2 7.9 7.2
B 7.3 8.0 7.1

20. O 30. oc 40. 50.0 0. 0(controll Salinity of

pH D. 0. pH D. 0. pH D. 0. pH 0.0. pH D. . pH controls

cone. cone, cone, cone, cone. (p. p. t.)
(mg/i) (mg/i) (mg/i) (mg/i) (mg/i)

8.0 7.2 7.9 7,5 8.0 6.2 7.7 6.5 7.8 8.7 7.9 21.0
7.9 7.7 8.0 6.8 7.9 6.6 7.9 3.8 7.6 8.3 7.9 21.0

8.1 7.1 8.0 6.7 7.9 3.1 7.7 6.9 8.1 8.3 8.0 20.9
7.9 7.2 8.0 6.7 8.0 6.8 8.0 6.3 7.9 8.1 7.9 20.8

8.0 6.9 8.0 6.9 8.0 - - - - 8.5 7.8 20.8
7.9 - - - - - - - - 8.0 7.9 20.6

8.0 5.8 7.9 - - - - - 8.1 8.0 20.6
7.4 - - - - - - - - 8.1 7.9 20.6

aComposition of KME used; water 27. 4%, strong waste 57.6%, weak waste 15. 0%.
bDissoived oxygen.
CAfter 48 hours the surviving test fish in the 20% and 30% concentrations were placed in one aquaria for each concentration.



APPENDIX 5. Daily salinity of control solutions and daily dissolved oxygen and hydrogen
ion concentrations of control and test solutions containing striped seaperch.

Percent concentrationof KME
Test 4. 0 6. 0 9. 0 13. 5 20. 0 0. 0(controi) Salinity of
time control

D. b pH . . D. . pH D. . pH D. . pH . . pH
(hours (p. p. t.)conc. conc. conc. conc. conc. conc.

(mg/i) (mg/i) (mg/I) (mg/i) (mg/i) (mg/i)
24 7. 5 8. 1 7. 4 8. 2 7. 3 8. 1 7. 0 8. 1 7. 1 8. 1 7. 7 8. 1 28. 2

48 7. 6 8. 2 7. 4 8. 2 7. 2 8. 1 6. 9 8. 2 6. 6 8. 1 7. 5 8. 1 27. 8

72 7. 8 8. 2 7. 7 8. 2 7. 4 8. 1 7. 4 8. 2 7. 6 8, 2 7. 6 8. 0 28. 5

96 8. 1 8. 2 8. 0 8. 2 7. 6 8. 0 7. 6 8. 2 - - 8. i 8. 2 28. 2

aComposition of KME used: water 26. 5%, weak waste 15. 3%, strong waste 58. 2%.
bDis solved oxygen.



APPENDIX 6. Daily salinity of control solutions and daily dissolved oxygen and hydrogen
ion concentrations of control and test solutions containing kelp greenling.

Percent concentration ofTest______________ .KME Salinity
time 8. 0 12. 0 17. 0 24. 0 35. 0 0. 0(control) of
(hours) bD. pH D. 0. pH D. 0. pH D. 0. pH D. 0. pH D. 0. pH (t)

conc. conc. conc. conc. conc. conc.
(mg/ 1) (mg/i) (mgI 1) (mg/i) (mg/i) (mg/i)

24 7. 5 8. 0 7. 0 8. 1 7. 2 8. 0 6. 8 8. 0 6. 7 8. 0 7. 5 7. 6 24. 3

48 8.2 8.0 8.0 8.0 7.3 7.9 7.3 8.0 6.6 8.0 7.7 7.8 24.3

72 7. 7 7. 9 7. 5 8. 0 7. 3 8. 0 7. 2 8. 1 6. 4 7. 9 7. 7 7. 8 24. 3

96 7.6 8.0 7.3 8.0 7.1 8.0 6.7 8.0 - - 7.6 7.8 24.4

aComposition of KME;used: water 26. 5%, weak waste 15. 3%, strong waste 58. 2%.
bDissolved oxygen.



APPENDIX 7. Daily salinity of control solutions and daily dissolved oxygen and hydrogen ion
concentrations of control and test solutions containing English sole.

Percent concentrations of RMEa
5,0 10.0 20.0 30.0 40. 0 50.0 0. 0(control)Test Salinity of

time
D. 0. b pH D. 0. pH D. 0. pH D. 0.

f

pH D. 0. pH D. 0. pH D. 0. pH
control

(hours)
conc. conc. conc. conc. conc. conc. conc.

Jmg/i) (mg/i) (mg/i) (mg/i) (mg/i) (mg/i) (mg/l)

24 6.3 7.6 6.6 7.9 6.0 7.7 5.0 7.8 4.2 7.8 5.1 7.9 7.6 7.6 20.0

48 7.1 7.7 6.2 7.7 5.7 7.7 - - - - - 7.7 7.9 25,8

72 6.2 7.7 6.7 7.8 6.2 7.8 - - - - - - 7.6 8.1 27.0

96 6.6 7,7 7.0 7.8 - - - - - - - 7.6 8.1 31.1

acomposition of 1<ME used: water 36%, weak waste 3, 2%, strong waste 60. 8%.
bDissolved oxygen.



APPENDIX 8. Preliminary data on daily salinity of control solutions and daily dissolved
oxygen and hydrogen iOn concentrations of control and test solutions con-
tainin walleve surfnerch.

Percent concentration of KMEa
Test 4. 0 8. 0 16. 0 32. 0 0. 0 (control) Salinity of
time controlD. 0. b pH D. 0. pH D. 0. pH D. 0. pH D. 0. pH
(hours) conc. conc. conc. conc. conc. (p. p. t.

(mg/i) (mg/i) (mg/i) (mg/i) (mg/i)

24 7. 6 8. i 7. 3 8. 0 7. 0 7. 9 4.4 7. 8 7. 9 8. i 25. 0

48 7.7 8.0 7.2 8.0 6.6 8.0 - - 7.9 8.0 24.8

72 7.4 8. 1 7. 5 8. 1 - - - - 8. 1 8. 0 24. 8

96 7.7 8.1 - - - - 7.9 7.9 3i.8c

aComposition of KME used: water 32. 3%, weak waste i3. 2%, strong waste 54. 5%.
bDS solved oxygen.
CSince the KME concentrations were small enough to present no dilution problems, straight bay
water was used for the control.



APPENDIX 9

Yield and Expenditure Questionnaire

OREGON STATE UNIVERSITY

Number of people in party to be interviewed: _____________Area of Bay

Time interview started: Dgte

Hello! I am working on a survey for Oregon State University and if you dozi't mind. I would
like to ask you a few questions.

(1) a. We are interested in finding out how many fish you caught (adjust terminology to
respondent's activity) on this trip today? If you caught any. would you mind if I
weighed them? (Record species, number, and weights in Table I. Repeat Question
2 for each species caught. If necessary let respondent refer to map.)

b. (If no catch, ask:) What kind or kinds are you fishing for?

(2) In what area of the Bay did you catch these? (Record answer in Table 1.)

(3) Were you in any other area of the Bay during this trip today? Yes No

(If yes, ask Question 4; if no. skip to question 5.)

(4) In what other area? (Record answer in Table 1)

(5) At approximately what time did you (all of you) start fishing on this trip today?

(6) I applicable:
How much time did you spend in area(s) (from Table 1)? (Record answer in Table 1.)

(7) a. Were you fishing or clamming for any other kind or kinds on this trip today?
Yes No (If no. skip to Question 8.)

b. What other kind or kinds?

c. For how long did you do that:

(8) Would you please tell me where you are from? ________________(Name of home town)
If from Newpet-Tledo. skip to Question 20: if from outside of the area ask Question 9.)

(9) How many days have you been in the Yaquina Bay area on this trip? days

(10) How many days are you planning to stay here after today? days

(11) What is the principal reason for your stay in the Yaquina Bay area?
Business Fishing, clamming, etc.___________________
Visiting friends or relative Other (specify):



.IIJ

Table 1.
Species Number WeighjLbs,) Area Time (Hrs.)

Ask Questions 12-18 only to non-residents of Newport-Toledo who have been in this area on this
trip for one or more nights and whose principal reason for being in this area is "Fishing, clamming,
etc."

Ask Question 19 to those non-residents who have been in this area for less than one night and whose
principal reason for being in this area is "Fishing, clamming, etc."

Ask Question 20, when the principal reason for being in this area was "Fishing,
clamming, etc."

(12) We are also interested in expenditures you've made while in the Yaquina Bay area. You
said that you have been here for nights (from Question 9). Would you tell me
where you (all of you) stayed overnight?

(13) What has been the cost of your lodging for this time? $______________

(14) Since you have been in the Yaquina Bay area, how many breakfasts, lunches, and
dinners have you eaten in a restaurant?
Breakfasts Lunches Dinners

(15) What were your total expenditures for meals eaten in a restaurant while you have
been in the Yaquina Bay area? $_______________

(16) Did you buy any food or drinks in this area which you prepared yourself?
Yes No (If no. skip to Question 18.)

(17) What were your expenditures for this?

(18) a) What other expenditures did you make while on this trip and in this area: To help you
remember, let me asic separately for each of these items:

Boat rental $_______________
Fishing tackle rental or purchase
Bait
Boat launching and storage
Gasoline and oil for boat
Boat equipment (life preserve, fire extinguishers, etc.)
Motor or boat maintenance and repairs
Cruises
Gasoline and oil for car
Car repairs and maintenance
Clothing



Souvenirs
Photography equipment and supplies
Camping equipment
Telephone and telegraph
Entertainment
Others

$

b) In addition to you (all of you here) how many other people were included for these
expenditures?

(19) a) We are also interested in expenditures you've made while in the Yaquina Bay area.
I have a list of items, would you please tell me how much, if anything, you (all of
you) spent for each item on this list since your arrival in the Yaquina Bay area?

Expenditures
Meals in restaurants $_______________
Groceries
Boat rental
Fishing tackle rental or purchase
Bait
Boat launching and storage
Gasoline and oil for boat
Boat equipment
Motor or boat maintenance and repairs
Cruises
Gasoline and oil for car
Car repairs and maintenance
Clothing
Souvenirs
Photography equipment and supplies
Camping equipment
Telephone and telegraph
Entertainment

b) In addition to you (all of you here) how many other people were included for these
expenditures?

(20) We are interested in expenditures you've made in connection with your activity in
Yaquina Bay. Therefore would you please tell me what expenditures you've made in
connection with this trip today in this area for the following items:

Boat rental or purchase
Bait and tackle
Gasoline and oil for boat
Boat launching
Other

Expenditures

$



Respondent's name, address and telephone:

Name

Street

City State

Telephone

THANK YOU.

Point of contact with respondent:

Boat Shore Dock Moorage or public launching site
Other_______________________________-

Stage of completion of fishing trip during interview:

Completed Not completed

Time interview ended:

Interviewers signature




