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A study of the effects of stabilized and unstabilized kraft mill

effluents on the production of chinook salmon (Oncorhynchus

tshawytscha) in six laboratory streams was conducted at the

Pacific Cooperative Water Pollution Laboratories, Oregon State

University-from May through August, 1969.

Similar salmon biomasses were stocked in each stream.

Changes in salmon biomass were measured every 14 days. Streams

receiving 1.5 percent by volume of unstabilized waste (3 mg/1 BOD)

and 0.75 percent by volume of unstabilized waste (1.5 mg/1 BOD)

maintained the highest biomasses of salmon. The stream receiving

7.5 percent by volume of stabilized waste (1.5 mg/1 BOD) main-

tained a salmon biomass slightly higher than the control streams, and

the stream receiving 1.5 percent by volume of stabilized effluent

(0.3 mg/1 BOD) produced a salmon biomass about the same as those
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of the control streams.

The growth rates of the salmon in the laboratory streams were

directly related to the biomass of their food organisms. The density

of invertebrate organisms, however, was not clearly related to the

density of organic matter. Organic matter may have provided hiding_

places for invertebrates and affected their availability to the salmon.

Feeding of the invertebrates on bacteria or detritus associated with

the effluent could also have obscured relationships between inverte-

brate and organic matter densities.

Acute toxicity bioassays of unstabilized wastes showed these ef-

fluents were more toxic in winter and spring than in summer. The more

toxic effluent may have had a direct deleterious effect on the growth

of salmon during seasons other than summer. Lower levels of tox-

icity probably minimized any direct effect of this effluent on fish

growth during the summer and may have permitted increased inver-

tebrate production. This perhaps explains the higher levels of salmon

production obtained during this experiment as compared to those ob-

tained in earlier experiments conducted by others during seasons

other than summer.
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INFLUENCES OF KRAFT MILL EFFLUENTS ON THE
PRODUCTION OF CHINOOK SALMON IN
LABORATORY STREAM COMMUNITIES

INTRODUCTION

Our rivers will certainly continue to receive present volumes

of pulp mill waste, and population growth can only lead to increased

use of rivers for industrial:waste removal. Required waste treat-

ment can be expected, however, to reduce the concentrations of

oxygen-depleting and toxic substances present in these wastes. It

is unlikely that concentrations of kraft mill effluent now generally

present in rivers of the Pacific Northwest are acutely toxic to fish.

But, chronic damage to the aquatic community can be more serious

than spectacular fish kills. Low concentrations of a pollutant may

slowly erode the capacity of aquatic systems to produce species of

interest to man. The long term effect could be tremendous but the

mechanism unnoticed if the destructive process took place over a

long period of time. If an effluent were present in low concentrations

in an aquatic system for several years before it noticeably decreased

fish production or degraded the habitat, it is unlikely that this particu-

lar effluent would be recognized as the cause, without extensive stud-

ies being conducted.

This thesis reports results of experiments conducted in labora-

tory streams from May until September 1969. The experiments were
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conducted to determine the effects of sublethal concentrations of

kraft mill effluent (KME) and stabilized kraft mill effluent (SKME)

on the production of juvenile chinook salmon (Oncorhynchus

tshawytscha) in laboratory stream communities.

This experiment is an integral part of a comprehensive study

of the influence of KME and SKME on the survival, growth, food

consumption, and production of chinook salmon and the trophic rela-

tions in aquaria and in laboratory stream communities (Tokar, 1968;

Ellis, 1968; Siem, 1970; Borton, 1970; Williams, 1969).

Tokar (1968) and Borton (1970) studied the chronic effects of

sublethal concentrations of KME and SKME on growth and food con-

sumption of chinook salmon held in aquaria. Tokar found that KME

concentrations of from 0.25 percent (0.5 mg/1 BOD) to 2 percent

(4 mg/1 BOD) reduced the efficiency of food utilization by salmon

fed unrestricted ration and, hence, reduced their growth rate.

Borton (1970) found no effect on growth and food consumption of

chinook salmon exposed to 1.5 percent (0.3 mg/1 BOD) concentra-

tion of SKME from Mill A. He reports reduced growth for salmon

exposed to 1.5 percent (0.3 mg/1 BOD) concentration of SKME from

Mill B.

Ellis (1968) and Siem (1970) studied growth, production, and

trophic relations of chinook salmon in laboratory stream communi-

ties exposed to sublethal concentrations of KME and SKME. Ellis
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found that concentrations of 1.5 percent (3 mg/1 BOD) KME by

volume reduced growth rate of salmon but that a concentration of

0.5 percent (1 mg/1 BUD) had no apparent deleterious effect. Since

KME enhanced the production of benthic invertebrate food organisms,

he postulated that a direct toxic effect of the KME reduced the growth

of the salmon.

Siem (1970) reported that a concentration of 1.5 percent SKME

reduced salmon production in laboratory streams during seasons

other than summer. He attributed this to a direct toxic effect of

the SKME influencing salmon growth. During summer, Siem found

SKME concentrations up to 4.0 percent enhanced salmon production

in laboratory streams. He believed that direct toxic effect of SKME

in summer may have been obscured by increased production of salmon

food organisms.

Williams (1969) reported that SKME increased primary produc-

tion in the laboratory streams, altered the species composition of

the algal community, and reduced the biomass of accumulated organic

matter.

Fujiya's (1965) histological and cytochemical analysis of fish

exposed to sublethal concentrations of KME indicated that internal

damage may be caused by this effluent. Servizi, Stone, and Gordon

(1966) observed that 1 percent solutions of neutralized KME (bleach

process) retarded growth of juvenile sockeye salmon (Oncorhynchus
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nerka). The Washington Department of Fisheries (1960) reported

that 0.5 percent solutions of KME (bleach) reduced the growth of

chinook salmon.

During the past ten years, at the Pacific Cooperative Water

Pollution Laboratories of Oregon State University, trophic processes

in laboratory stream communities have been investigated. Brocksen,

Davis and Warren (1970) have developed an approach to the study of

stream systems based on evidence that the biomass of a product of

interest is controlled in a predictable way by density-dependent

mechanisms operating in the trophic pathway leading to production

of this product.

Brocksen, Davis and Warren (1968) recognized the controlling

influence of biomass on growth rate and production (Figure 1). In a

system having a given level of basic productivity, as biomass of a

product of interest increases, the food available for growth of this

product becomes proportionately less, and hence, growth rate de-

clines. The hump-shaped production curve is the result of multi-

plying growth rate, which is decreasing, by biomass, which is in-

creasing.

Brocksen (1969) and Brocksen, Davis and Warren (1970) found

that within one system of a given productivity there will be an inverse

relationship between the biomass of a predator and the biomass of

its prey. But between systems of differing productivity, the



Growth rate..,.-----

BIOMASS r=->

45.-- Production

Figure 1. Theoretical relationship between the growth rate of an animal and its biomass and
between the production and biomass of the same animal. Production is the product
of growth rate and biomass.

UI
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relationship between predator and prey will be direct (Figure 2).

These theoretical relationships between and within systems have

been demonstrated with data collected in laboratory streams and

with data collected in natural lake systems.

Basically, then, the point of view used in this thesis is the one

developed by Brocksen, Davis and Warren (1970): relationships exist

between the biomass of a predator and the biomass of its food and

between the biomass of the food and the growth of the predator, re-

lationships which determine the form and magnitude of the production-

biomass curve of the predator. Using these concepts we can deter-

mine not only the effects of kraft mill effluents on the production of

salmon in laboratory stream communities but also the causes of

these effects.



Figure 2. Theoretical relationships between a consumer and the biomass of its food. Solid lines within one
system of a given basic productivity and dashed line between systems of differing basic productivity.
Modified from Brocksen (1969).

CONSUMER BIOMASS =>



METHODS AND MATERIALS

Laboratory Streams

The laboratory streams used were described by Ellis (1968)

and Siem (1970). Each stream consisted of two channels 66 cm wide,

25 cm deep and 3.3'm long. The channels shared a common side

that had an opening at both ends. A stainless steel paddle wheel,

powered by a constant speed electric motor, maintained a current

velocity of 23 cm/sec. by recirculation in each stream. Styrofoam

sheets fitted to 158 cm of the length of each channel bottom differen-

tiated the stream bottom into riffles and pools. Rubble, collected

from a near-by stream, was placed on the styrofoam and the trough

bottoms so as to form the substrates of the laboratory streams. Ex-

change water was diverted from a small brook, through a commercial

filtering compound, and then introduced by gravity flow into the

streams. A constant exchange flow rate of 2 liters per minute was

maintained in each stream. By means of a stand pipe, the total vol-

ume of water maintained in each stream was 215 liters. Tempera-

ture was recorded in one stream and the data are summarized in

Figure 3.

The building housing the laboratory streams had a translucent

fiberglass roof and a partially open wall on one side. An exhaust

8
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Figure 3. Monthly ranges of water temperature in the laboratory streams.
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fan and the partially open wall kept air temperatures inside the build-

ing near the outside air temperatures. Two layers of Saran shading

material were used so as to reduce light levels and prevent excessive

algal growth. One layer of Saran was suspended 5 feet above the

streams and remained in place all year. The other layer was spread

over the roof of the building from April 25 to September 17, 1969.

Kraft Mill Effluent

Biologically stabilized (SKME) and unstabilized (KME) kraft

mill effluent were collected from a local mill and transported in 55

gallon steel barrels lined with polyethylene bags. The SKME was

pumped into a 1, 000 gallon redwood tank where aeration after the

addition of nitrates and phosphates was used to further stabilize the

effluent. The final biochemical oxygen demand (BOD) of the treated

effluent was about 10 percent of that of the untreated effluent. The

KME was stored in a refrigerated fiberglass tank to retard biological

stabilization. The 5-day, 20°C, BOD of each batch of SKME and KME

were determined by personnel of the National Council for Air and

Stream Improvement (Appendix I).

A metering pump distributed appropriate amounts of effluent

to the streams. Two control streams received no effluent. Of the

four remaining streams, two received effluent at identical flow rates,

one stream receiving KME at a rate of 15 m1/1 or 1. 5 percent (3 mg /1



Concentration
Stream Effluent BOD mg/1 Volume m1/1

2 Control

4 Control

1 Stabilized 0.3 15

5 Stabilized 1.5 75

3 Unstabilized 1.5 7.5

6 Unstabilized 3 15

Experimental Fish

Underyearling chinook salmon from the Big Creek Hatchery of

the Oregon Fish Commission were used. Four salmon were stocked

in each stream on May 16, 1969. The total wet weight or biomass of

fish introduced into each stream is given in Table 2. At 14 day'inter-

vals all fish were taken from the streams and held in five gallon glass

jars for 24 hours. Then each fish was anesth.etizedwithMS222, blotted

11

BOD) and one stream receiving SKME at a rate of 15 m1/1 (0.3 mg/1

BOD). By introducing KME at a rate of 7.5 m1/1 (0.75 percent) into

one stream and SKME at a rate of 75 m1/1 (7.5 percent) in another

stream, the effects of the two effluents when introduced at the same

BOD level (1.5 mg/1) could be compared (Table 1). Effluent was

introduced into the streams continuously from March 11, 1969, until

the end of the experiment, except for a three week period in April.

Table 1. BOD and concentrations of stabilized and unstabilized kraft mill effluent entering
laboratory streams.
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dry, and weighed to the third decimal place on a Mettler blance,

before the fish was returned to its stream. Salmon that died during

the experimental period from unknown causes were replaced, but

those that became emaciated during later stages of the experiment

were removed and not replaced. I assumed emaciated fish would in

nature have become emigrants (Chapman, 1962); but, of course, they

were unable to leave the laboratory streams.

Table 2. Initial salmon biomass in g/m2 wet weight stocked in each stream.

The effect of KME and SKME on laboratory stream productivity

was assessed by monitoring the amount of growing salmon tissue each

stream was able to support. This amount of salmon tissue is ex-

pressed as biomass (g/m2). Relative growth rate of the salmon was

calculated by dividing change in fish weight (mg) by the product of

mean salmon biomass times the number of days in the time interval.

Production, or the tissue elaborated during a time interval whether

or not all of the animals live to the end of that time interval (Ricker,

1958), was computed as the product of mean biomass and relative

1 2 3 4 5

2.258 2.278 2.274 2.283 2.262 2.294
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growth rate. For calculating production when any fish died during

one of the 14 day intervals, that fish was assumed to have lived for

half the interval. The missing fish's growth rate was assumed the

same as the remaining fish for those seven days. All biomass,

growth rate, and production values for each 14 day interval are pre-

sented in Appendix II.

The experiment was terminated when the biomasses of salmon

in the streams had increased to levels leading to negative growth

rates, or loss of weight by individual fish.

During the bi-monthly determinations of biomass, the perma-

nent experimental fish were not in the laboratory streams for approxi-

mately 30 hours. But other chinook salmon were stocked in the

streams during this 30 hour period, so that specimens could be sac-

rificed for stomach analysis. Stomach contents of these fish were

preserved in 5% formalin prior to identification and weighing to the

fourth decimal place with a Mettler balance.

Stream Communities

The stream communities developed in the absence of KME or

SKME between October 15, 1968, and March 11, 1969. Algal cells

entering the streams with the exchange water and reproduction of

algae already growing in the streams maintained plant communities.

Immature insects and insect eggs also entered the streams with
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exchange water. I observed adult aquatic insects ovipositing in the

laboratory streams.

Two methods were used for collecting the monthly samples of

invertebrates from the benthic environment. Prior to May 16, two

wooden partitions edged with foam rubber were used to seal off an

area of one-half square foot of laboratory stream bottom. After the

rocks had been scrubbed and removed from the partitioned area, the

enclosed water was siphoned through a plankton net. The material

retained by the net was preserved in 5% formalin until the benthic

invertebrates could be removed, classified, blotted dry and weighed.

After May 16, 1969, a sampler fabricated from pipe was used

to collect benthic invertebrates. This was a piece of irrigation pipe

six inches in diameter and 18 inches long, with a 1.5 inch thick and

0.75 inch wide band of foam rubber attached to one end. Four pairs

of holes were drilled into the side of the pipe and were sealed with

stoppers. The sampler was put into place on the stream bottom and

then all rocks were scrubbed, removed and the remaining slurry

was siphoned from the pipe until the water was assumed free of

organisms. During the last part of this operation, surface water

was permitted to enter the pipe by removal of the stoppers. The

material collected was handled in the manner already described.

Two samples with the pipe sampler were taken in each stream on

each sampling date.
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Drifting organisms were collected by hanging a drift net under

the overflow stand pipe. The contents of the drift nets were removed

and processed by the same procedure as were the bottom samples.

Material remaining in the benthic and drift samples after the

invertebrates were removed was dried at 70°F for 48 hours, weighed,

and then combusted at 550°C in order to determine the ash free dry

weight of the organic material. All samples of benthic and drifting

invertebrates and organic matter were weighed to four decimal

places on a Mettler balance.



RESULTS AND INTERPRETATION

Production, Growth and Biomass

Production of juvenile chinook salmon in laboratory streams

receiving unstabilized kraft mill effluent (KME) increased with in-

creasing BOD; these production values were much higher than those

in control streams. Production in streams receiving stabilized efflu-

ent (SKME) also increased with increasing BOD; but there was little

difference between these production values and those in the control

streams (Figure 4). Treatment of the effluent may remove plant

nutrients or other materials that increase the productivity of the

streams for salmon food organisms and hence, the production of

salmon. Even when stabilized and unstabilized effluents were intro-

duced into streams at rates leading to the same BOD' s (Table 2),

production was lower in the streams receiving the stabilized efflu-

ents. This could have been caused by non-proportional reduction of

plant nutrients or materials the invertebrates fed upon. Or, the

greater volume of stabilized effluent necessary to provide a given

BOD may have led to greater concentrations of refactory substances

deleterious either to the fish themselves or to their food chain. Since

production in the streams receiving stabilized effluent was similar to

that in the control streams, the first explanation seems the more

16
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Figure 4. Relationship between salmon production from May 16, to August 12, 1969 and BOD of Kraft mill
effluents entering laboratory streams.
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probable.

Different salmon growth rates under the various conditions in

the laboratory streams lead to different patterns of increase of

salmon biomass (Figure 5). Those streams receiving KME devel-

oped the highest terminal salmon biom.asses; the stream receiving

the highest concentration of SKME maintained salmon biomass slightly

above the control streams. The stream receiving 1.5 percent (0.3

mg/1 BOD) SKME produced about the same biomass as control

streams. These differences in salmon biomass probably reflect

differences in basic productivity of the streams, differences appar-

ently associated with the various concentrations of stabilized and

unstabilized effluents introduced.

The relationships between salmon biomass and growth rate and

between biomass and production for each laboratory stream are

shown in Figure 6. The dashed and solid diagonal lines represent

measured and extrapolated growth rates at different biomasses.

From these growth rates and biomasses, the production curves

were calculated. The dashed portions of the production curves

represent production values calculated from corresponding extra-

polated growth values.

The experimental conditions appear to have led to five different

levels of productivity. But the biggest and perhaps most significant

difference was between streams receiving unstabilized effluent and
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Figure 5. Changes in salmon biomass in laboratory streams during two week intervals between May 16, and August 12, 1969.



Salmon Biomass g/m2

Figure 6. The relationship between salmon growth rate and salmon biomass and between salmon production and biomass
in laboratory streams receiving KME and SKME.
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all other streams. The two streams receiving KME supported by

far the highest levels of salmon biomass and production. The slopes

of the growth rate curves indicate increasing biomass had less effect

on growth in KME treated streams than in the other streams. This

would be expected if more salmon food were present in these streams.

The two control streams appear to have had about the same level of

productivity. High concentrations of SKME led to slightly more pro-

duction and low concentrations of SKME to slightly less production.

Invertebrate Biomass and Salmon Growth

Observations of feeding behavior and the analysis of stomach

contents indicate salmon in the laboratory streams fed to a large

extent on invertebrates drifting free in the water. Salmon growth

rate was a function of the density of drifting invertebrates (Figure 7).

At a given density of drifting invertebrates, salmon in streams re-

ceiving unstabilized effluent maintained higher growth rates. Densi-

ties of invertebrates drifting in the current, however, differed little

between the streams under the different conditions (Figure 7). Either

drifting food was more available in the streams receiving unstabilized

effluent or the salmon in these streams were able to supplement their

diet from another source, probably by foraging directly on the inver-

tebrates living in the benthic environment.

The relationships between salmon biomass and production
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A Control
1.5 percent (3 mg/1 BOD) KME

III 0.75 percent (1.5 mg/l BOD) KME
7.5 percent (1.5 mg/1 BOD) SKME
1.5 percent (0.3 mg/1 BOD) SKME

Figure 7. Relationships between salmon growth rate and biomass of drifting food organisms in laboratory streams receiving
different concentrations of stabilized and unstabilized kraft mill effluent.
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Drifting Food Organisms (mg/m3)
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(Figure 6) indicated differences in the basic productivity of the labor-

atory strea-m.s. Density of benthic invertebrates also reflected this

influence of kraft mill effluent on the productivity of the streams.

Those streams receiving unstabilized effluent produced larger bio-

masses of benthic invertebrates; the control streams and the streams

receiving stabilized effluent produced about the same biomasses of

benthic invertebrates (Figure 8). Mean growth rates of the salmon

were related to mean biomasses of the benthic food invertebrates.

Apparently salmon were feeding on the drifting food organisms, but

differences in growth were due to greater success of foraging for

organisms in the benthic environment of streams receiving unstabil-

ized effluent (Figures 7 and 8).

Invertebrate Biomass and Salmon Biomass

Equilibrium salmon biomass was related to equilibrium density

of benthic food invertebrates. Two general levels of productivity

appear to have been reached by the end of the experimental period

(Figure 9). The higher level included the two streams receiving

unstabilized waste and the stream receiving the high concentration

of stabilized waste. The lower level included the control streams

and the stream receiving the low concentration of stabilized waste.

Based only on these relationships, the five levels of productivity

suggested by the production curves in Figure 6 would appear to
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Figure 8. Relationship between mean salmon growth rate and mean biomass of benthic food invertebrates in
laboratory streams from May 16 to August 12, 1969.
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Figure 9. Relationships between equilibrium biomass of benthic food invertebrates and equilibrium salmon biomass in
laboratory streams receiving different concentrations of stabilized and unstabilized kraft mill effluents. In-
vertebrate biomass computed as mean of final two benthic samples. Salmon biomasses are terminal biomass
shown in Figure 5.
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represent only two basic levels of productivity. Differences in

availability of food organisms could lead to streams having differ-

ent production curves even though their basic productivity was the

same.

The stream receiving high concentration of stabilized waste

would seem to belong in the lower level of productivity (Figures 6

and 8). However, during the experimental period while inverte-

brates in the other five streams were decreasing with increasing

fish biomass; the invertebrates in the stream receiving high con-.

centration of stabilized waste were increasing. This increase in

invertebrates meant the stream receiving high concentration of

stabilized waste moved into the upper productivity level by the end

of the experiment.

Stomach Analysis

The principal organisms utilized by the salmon for food were

the amphipod Cra.ngonyx, the mayflies Ameletus and Baetis, and

midge larvae (Appendix V). The salmon in streams receiving SKME

and KME captured more Ameletus than those in the control streams.

There were, however, no detectable differences in bio-masses of

Ameletus present in the various streams. No other differences in

food organism utilization were observed.

26



Organic Matter and Invertebrates

Differences in the densities of benthic invertebrates in the differ-

ent streams (Figures 8, 9) suggest more food may have been available

for them in streams receiving unsta.bilized waste. The theory of

Hairston, Smith and Slobodkin (1960) that herbivores are not food

limited but predator limited would in this case, then, not apply. The

stream community developed over a period of eight months without

predators, yet differences in herbivore biomass were noted. Since

all streams were identical except for treatment, it would appear that

KME directly or indirectly provided more food for benthic inverte-

brates.

The density of invertebrates was highest in the streams having

the highest amount of organic matter, according to the individual

samples taken in May, June, and July (Figure 10). No treatment

related trend is noticeable.

The accumulation of organic matter was uneven in particular

streams, and thus an individual sample may not be truly representa-

tive of the entire stream. This is evident when differences in organic

matter in the same streams between June and the months of May and

July are considered (Figure 10). The algal communities were in a

state of flux during the experimental period (Figure 11). This tended

to distort relationships between the amount of organic matter and the
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Figure 10. Relationships between biomass of benthic invertebrates and
organic matter in laboratory streams during May, June, and
July.
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invertebrate density. A rapid change in organic matter should

stimulate a corresponding change in herbivore density, after a lag

period. Apparently the experimental period was too short to allow

the invertebrate community to respond fully to changes in the algal

communities.

Figure 11 indicates organic matter was decreasing during the

experimental period in streams receiving unstabilized waste. The

large amounts of suspended material in the unstabilized waste accumu-

lated on the growths of algae and caused them to break and drift out

of the streams. The decrease in organic matter may not have

harmed the food supply of the invertebrates in the streams receiv-

ing unstabilized effluent. The large amount of organic matter enter-

ing the streams was probably mainly broken down by bacteria, which

could provide an abundant food supply in the absence of algae.

Organic matter increased through time in the streams receiv-

ing stabilized effluent. A lag would here be involved before inverte-

brate density could increase. Moreover filamentous algae could pro-

vide cover for invertebrates and to make them less available to the

fish. Invertebrate biomass would then need to reach higher levels

before the fish would benefit much. Organic matter accumulated at

a slow but rather even rate in the control streams.



DISCUSSION

The introduction of KME into laboratory streams at concentra-

tions up to 1.5 percent enhanced salmon production; promoted higher

biomasses of benthic invertebrates, and reduced the standing crop of

benthic algae. The introduction of SKME into laboratory streams at

concentrations up to 7.5 percent had little or no effect on salmon pro-

duction, promoted a slow increase in biomass of benthic invertebrates

in the stream receiving the high concentration of SKME and no in-

crease in the stream receiving low concentration of SKME, and in-

creased the standing crop of algae toward the end of the experiment.

Ellis (1968) found concentrathms of KME up to 1.5 percent re-

duced salmon production, and Siem (1970) found concentrations of

SKME up to 1.5 percent reduced salmon production in seasons other

than summer. In his summer experiment, Siem found concentrations

of SKME up to four percent enhanced salmon production.

Considering the experiments of Ellis and Siem as well as my

own, it appears that experiments with kraft mill effluent conducted

during seasons other than summer resulted in reduced salmon pro-

duction. During the summer, the presence of kraft mill effluents

appear generally to have increased salmon production in the labora-

tory streams.

Table 3 gives the 96-hour median tolerance limits of chinook

salmon for the unstabilized effluent introduced into laboratory
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streams from February until September 1969. Effluent used from

February until May was more toxic than was that used between June

and September. The 96-hour Tlin data of Tokar (1968), although not

continuous during spring and summer, does show the same trend.

Thus, not only KME but also SKME may be more toxic during the

non-summer seasons. This could lead to these effluents having less

effect directly on the growth of the salmon during the summer. In-

creased food availability during the summer could further benefit the

fish.

Table 3. 96-hour median tolerance limits (dm) of chinook salmon for unstabilized kraft mill
effluents introduced into laboratory streams from February 28 to August 1, 1969.

The need for an holistic approach is inherent in any study of the

effects of sublethal concentrations of an effluent. An effluent may

have an effect on the community at a level far removed from the prod-

uct of interest and produce a tremendous indirect effect on that product

of interest. Figure 12 is the relationship shown in Figure 8, with

Date Ti Date Ti
m

February 28, 1969 14. 5 June 11 24. 0

March 10 22.3 July 8 16.3

March 21 8. 7 July 12 24.0

March 27 13.4 July 18 24.0

April 5 7. 5 July 25 24, 0

May 23 13.4 August 1 29.0
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terminal algal densities also shown. At a given level of productivity,

algal density'appears to affect food availability. As algal density

decreases salmon biomass increases and invertebrate biomass de-

creases.

Higher densities of organic matter do not necessarily lead to

greater capacity to produce salmon. Higher densities of organic

matter were associated with the lower levels of insect and salmon

biomass. This would seem to indicate invertebrates were using the

algae as shelter more than as food. They may have fed more on

detritus entering the streams with the effluent or on bacteria break-

ing down this detritus. The work of Rodina (1963) and Marzolf (1964)

suggests invertebrates often depend to a large extent on benthic bac-

teria for food.

The approach used in this thesis was developed in laboratory

streams and has been applied to lake systems that were probably less

com.plex. We have been able to collect enough data to verify the

model mainly because the laboratory streams are highly amendable

to manipulation. It is unlikely that enough data could be collected in

a natural river system to produce relationships such as those shown

in Figures 5 and 6 or even those shown in Figures 7 and 8. These

would require large and possibly unrealistic sampling programs. It

would be possible to collect enough data to extrapolate biomass-

production relationships. But, when management policy or water
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quality standards are concerned, using extrapolated data is dangerous

at best.

However, simple biomass estimates needed to produce relation-

ships such as shown in Figure 12 can be obtained. Figure 12 presents

a general picture of the dynamics of all levels in a stream system.

This approach could be used to examine changes due to effluents in

more complex river systems.
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in Figure 5.
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APPENDIX I. Biochemical oxygen demand (5-day, 20°C) of stabilized and unstabilized kraft 38
mill effluent.

Date
BOD

Stabilized Unstabilized

March 11, 19 69 29

March 13 179

March 18 50

March 20 223

March 25 65

March 27 260

April 1 89

April 3
April 24 52

April 29
May 6 347

May 8 74

May 13 214

May 15 70

May 20 280

May 22 85

May 27 234

May 29 41

June 1 167

June 4 20

June 9 170

June 10 29

June 17 39

June 19 244

June 24 34

June 26 194

June 30 32

July 1 234

July 8 37

July 12 200

July 16 29

July 17 156

July 22 12

July 24 204

July 31 174

August 5 24

August 10 186

August 12 18

August 15 160

August 19 17

August 26 12

August 28 168

September 2 17

September 9 17

September 11 220

September 16 12

September 18 238

September 23 39



APPENDIX II. Biomass, growth rate, and production in wet weight of chinook salmon in
laboratory streams at two week intervals.

39

May 16, 1969 (Initial Weight)

Control 2.279
Control 2.283
O. 75% KME 2.274
1. 5% KME 24295
1.5% SKME 2.259
7.5% SKME 2.263

May 30, 1969

Control 2.281 0.003 0.081
Control 2,537 0,254 7.532
0.75% KME 2.675 0.401 11. 582

1.5% KME 2.865 0.570 15.775
1.5% SKME 2.494 0.235 7.078
7.5% SKME 2.567 0.304 9.026

June 17, 1969

Control 2.495 0.214 5.655
Control 2.627 0,090 2.171
0.75% KME 3.135 0.459 9.882
1. 5% KME 4.509 1.645 27.881

1.5% SKME 2.594 0.100 2.457
7.5% SKME 3.268 0.701 15. 007

July 1, 1969

Control 2. 859 0. 363 10.454
Control 2, 853 0. 226 6. 357

O. 75% KME 4.070 0.935 19.974
1. 5% KME 5.212 0.704 11.139
1. 5% SKME 2,683 0.090 2.614
7.5% SKME 3.438 0.159 0.366

July 15, 1969

Control 2.945 0.086 2. 274

Control 2.937 0. 084 2. 228

O. 75% KME 4.609 0.539 9.559
1.5% KME 5.780 0.567 7.937
1.5% SKME 2.575 -0, 108 -3. 170
7. 5% SKME 3.568 0.141 3.092

Treatment Biomass Production Growth rate

(g/m2 ) (g/rn2 ) (mg/ g per day)



APPENDIX II. (Continued)

40

2(g/rn )
2(g/rn ) (mg/ g per day)

July 29, 1969

Control 2.077 -0. 084 -2. 653
Control 3.085 0. 147 3.774
0. 75% KME 5.021 0.412 6. 574

1. 5% KNEE 6.527 0.747 9.326
1.5% SKME 2. 088 -0. 010 -0.398
7. 5% SKME 3.637 0, 069 1.473

August 12, 1969

Control 1.897 -0. 180 -7. 351

Control 2.987 -0.097 -2.468
O. 75% KME 5.288 0. 266 3.081
1. 5% KME 6.599 0.072 0.846
1. 5% SKME 1.570 -0.013 -0, 660
7. 5% SKME 3.411 -0. 225 -4.928

August 26, 1969

Control 1.323 -0,060 -0. 264
Control 2.905 -0.081 -2. 139
O. 75% KME 5.297 0,009 0.079
1. 5% KME 6.121 -0.477 -5. 751

1. 5% SKME 1.574 0. 003 0.094
7.5% SKME 2.512 -0. 147 -4. 999

September 9, 1969

Control 1.728 -0. 103 -6. 286
Control 2. 145 0.051 3.512
O. 75% KME 3.120 -0. 214 -3. 174

1.5% KME 3.328 -0,374 -4.850
1. 5% SKME 1.990 0.011 0.565
7. 5% SKME 1.837 -0,052 -2, 156

Treatment Biomass Production Growth rate



APPENDIX III. Mean biomass of drifting organisms* in the laboratory streams, expressed in
milligrams per cubic meter of water.

Based on 13 24-hour samples

*Only those organisms utilized as food by salmon in the laboratory streams were used to compute
invertebrate biomass for Figures 7, 8, 9, 12.
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Taxa
Concentrations of Kraft Mill Effluent

0 1.5% SKME 7.5% SKME 0,75% KME 1.5% KME

May

Amphipoda
Gammaridae

Cr angonyx 1. 4408 5. 5814 5.4565 2.0428 2.5162 3.2242

Ephemeroptera
Baetidae

Baetis 0.0001 0.3250 0.0161 0.0603 0.0256
Paraleptophlebia 0.0173 0.0171 0.1856 0.0085

Diptera
Chironomidae 0.0086 0,0086 0.0940 0. 7991 0. 1808 0.4103

Trichoptera
Hydropsychidae 0.7612
Philopotamidae 0.0161

Pie copt era
Nemouridae 0.0347 O. 1197

Coleoptera
Elmidae 0.0260 0.0171 0, 0403 0,0342

Terrestrial 0.4425 O. 1561 1.0348 0.0564 1. 2839 0. 3932

Total 1.9093 5.8068 6.9445 3.1618 4,0412 4.9769

une

Amphipoda
Gammaridae

Crangonyx O. 1272 1, 2130 2.0640 0.5005 0. 7534 5.0454

Ephemeroptera
Baetidae

Baetis 0. 1792 0, 2777 1, 7845 0. 8557 0. 3053 0.4561
Paraleptophlebia 0.0578 0. 2622
Lams_ 0. 7526



APPENDIX III. (Continued)

Based on 12 24-hour samples

Based on 17 24-hour samples

42

1

Amphipoda
Gammaridae

Crangonyx 0.3149 0.2256 0,3005 0. 1799 0.3977 0. 3445

Ephemeroptera
Baetidae

Baetis 0.1141 0.0297 0.0171 0.2192 0.1334 0.1050
Paraleptophlebia 0. 0207 0. 0562

Diptera
Chironomidae 0. 1760 O. 1512 0. 1050 0. 3483 0.0543 0. 2246

Tipulidae 0.0806
Heleidae 0.0049
Dixidae 0, 0097

Plecoptera
Nemouridae 0. 0049 0.0148 0.0207

Terrestrial 0.0322 0.0592 0,0854 0,0115 0.0542 0.0243

Total 0, 6470 0. 4805 0.5177 0.8003 0. 6396 0.8352

Taxa
Concentrations of Kraft Mill Effluent

0 0 1. 5% SKME 7.5% SKME 0.75% KME 1. 5% KME

Diptera
Chironomidae 0.7898 0.9141 1.5278 2. 5519 0.8236 2. 3201

Simulidae 0.0115
Heleidae 0, 0968 0. 0230

Terrestrial 0. 7406 1.4349 0. 2620 0. 7038 1. 4065 0.6841

Total 1.8483 3.8975 6.3909 4.0788 3,3118 8.7679



APPENDIX III. (Continued)

Concentrations of Kraft Mill Effluent
Taxa 0 0 1.5% SKME 7.5% SKME .75% KME 1.5% KME

43

Based on 22 24-hour samples
1.5% KME drift sample destroyed

August

Amphipoda
Gammaridae

Crangonyx 0.0347 0.3267 0.2954 0.0836 0.7751

Ephemeroptera
Baetidae

Baetis 0. 0078 0. 0615 0.0419 0.1776 0.1242
Paraleptophlebia 0. 0014

Heptageniidae
Epeorus 0.0126 0. 0279

Diptera
Chironomidae 0.0078 0.0123 0.0161 0.0250

Tipulidae 0. 0528 --
Dixidae 0.0094

Plecoptera
Nemouridae 0.0108 0.0088 0.0078

Coleopter a
Elmidae 0.0078

Terrestrial 0.0551 0.0761 0. 0557 0. 0455

Total 0.1180 0.3882 0.4644 0.3960 0,9948



APPENDIX IV. Biomass of benthic macro-invertebrates* in the laboratory streams expressed in
grams wet weight per square meter of stream bottom.

Concentration of Kraft Mill Effluent

*Only those organisms utilized as food by salmon in the laboratory streams were used to compute
invertebrate biomass for Figures 7, 8, 9, 12.
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Taxa 0 0 1.5% SKME 7.5% SKME .75% KME 1.5% KME

April 19, 1969

Amphipoda
Gammaridae

Crangonyx 1.0875 2.2417 2.1984 0.6104 3.4127 1.9515

Ephemeroptera
Baetidae

Baetis 0.0667
P araleptopleb i a 0,0967 0.0200 0.0366 0.0800

Siphlonuridae
Arne letus 0, 5804

Dipter a
Chironomidae 0.0967 0, 1768 0.0867 0.0433 0.0934 0.0766

Tipulidae 0. 1234

Tri chopter a
Lepidostomatidae O. 1867

P le coptera
Perlidae 0. 1501 0. 0233

Nemouridae 0. 0233

Coleoptera
Elmidae 0.0200 0.0433

Nem atoda 0.0600 0.1534 0.0834 0,0333 0. 0333

Total 1.3676 2,6653 2.5252 0.7571 3. 6193 2.9551



APPENDIX IV. (Continued)

Concentration of Kraft Mill Effluent
Taxa 0 0 1, 5% SKME 7.5% SKME . 75% KME 1.5% KME

45

Amphipoda
Gammaridae

May 23, 1969

Crangonyx 0.2422 0,4760 0.9309 0.4803 0.5100 4. 1020

Ephemeroptera
Baetidae

Paraleptophlebia O. 1785 O. 1572 0. 0892 0. 0255
Heptanegiidae

Cinygma 1.0924

Diptera
Chrionomidae 0.0297 0.0127 0.0170 0.0382 0.0340 0.2550

Nematoda 2.5632 0.2933 0.8161 0.3655 2.7715 0.4760

Total 2.8351 2.0529 1.9212 0.9732 3.3155 4.8585

June 20, 1969

Amphipoda
Gammaridae

Crangonyx 0.6503 0.9649 0.7736 1.1349 1.0499 1.9681

Ephemeroptera
Baetidae

Baetis 0.0042 0.0170 0.0170 0.0170
Heptageniidae

Heptagenia 0. 0552

Diptera
Chironomidae 0. 1955 0. 2337 0. 2294 0. 6673 0. 2210 O. 7268

Coleoptera
Elmidae 0.0212

Nem atoda 0.4420

Total 0.9052 1.2368 1. 0200 1. 8022 1. 7299 2, 6949



APPENDIX IV. (Continued)

0

Concentration of Kraft Mill Effluent
7,5% SKME KME 1.5% KME.75%

46

1. 5% SKME

July 25, 1969

Amphipoda
Gammaridae

Crangonyx 1.1942 0.8119 0.5865 0.7183 0.9181 0.9181

Ephemeroptera
Baetidae

Baetis 0.0382 0.0850 0.2125

Diptera
Chironomidae 0.2167 0.0340 0.3740 0.9266 0.2380 0.0510
Tipulidae 0. 1445

Plecopter a
Chloroperlidae 0.0850
Nemouridae 0.0042

Odonata
Gomphidae 0. 1657

Nem atoda 0,6970 0.6036 1.7977 0.4123 3.3708 0.4293

Total 2.5073 1.4495 2,7964 2.0572 4.6119 1.6109

August 12, 1969

Amphipoda
Gammaridae

Cr angonyx 0.4791 0. 6018 0,6645 1. 2051 0. 7053 0.8309

Ephemeroptera
Baetidae

Baetis 0,1039 0.0507 0.0716 0.0594 0.0969 0.0377
Parlaeptophlebia 0.0014 0.0043 --

Heptageniidae
Cinygma 0. 1433

Heptagenia 0.0014 --
Cinygmula 0,0056
Epeorus.. 0.0014 0. 0014

Diptera
Chironomidae 0.0210 0.0739 0,0533 0.0391 0.0210 0.0377
Tipulidae 0.0266 0.0768 0. 0463

Trichopter a
Hydropsychidae 0.0014



APPENDIX IV. (Continued)
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Taxa
Concentration of Kraft Mill Effluent

0 0 1.5% SKME 7.5% SKME . 75% KME 1.5% KME

Plecoptera
Chloroperlidae 0.0084
Perlidae 0.0098
Nemouridae 0.0028 0.0087 0.0056 0. 0072 0.0182 0.0130

Coleoptera
Elmidae 0.0101

Nem atoda 0.0126 0.0087

Total 0.6474 0.7466 0.8146 1.4020 1.0380 0.9193



APPENDIX V. Stomach contents of four chinook salmon stocked in each laboratory stream for
30 hours. Expressed in milligrams.

Concentration of Kraft Mill Effluent

48

Taxa 0 0 1.5% SKME 7.5% SKME .75% KME 1.5% KME

Amphipoda
Gamin aridae

April 15, 1969

Crangonyx 7. 1 3.6 6.6 0.1 D. 6

Ephemeropter a
Siphlonouridae

Ameletus 0.2 12.4 4.8 1.2 44.7

Diptera
Chironomidae 0.3

Terrestrial 4. 7

May 31, 1969

Amphipoda
Gammaridae

Crangonyx 1.0 0.6 0.7 0.8 2.3

Ephemeropter a
Baetidae

Baetis 0, 2 0. 2 7. 2 0.3 0. 2

Diptera
Chironornidae 0.1 0.3 0.2 0.9

Terrestrial 0, 1

July 1, 1969

Amphipoda
Gammaridae

Crangonyx 0.2 0.6 1.4

Ephemeroptera
Baetidae

Baetis 0.4 0.6 0.3

Dipter a
Chironomidae 1. 3 0.3 0. 5 0.9 0. 2

Terrestrial 0. 1 0. 1 0. 8 0.4



APPENDIX V. (Continued)

Concentration of Kraft Mill Effluent

49

July 15, 1969

Amphipoda
Gammaridae

Crangonyx 0.4

Ephemeroptera
Baetidae

Baetis 0.4 0.1 6.5 0.2 21.4

Diptera
Chironomidae 1. 2 0.7 1. 1 0.9 0. 1 0. 5
Heleidae 0. 3

Terrestrial 0. 6 0.5 0. 6 0.7

July 28, 1969

Amphipoda
Gammaridae

Crangonyx 0.1 0.1 1.0 4.5

Ephemeropter a
Baetidae

Baetis 0.8 0.2 2.7 1.0 0.1

Diptera
Chironomidae 0. 6 0. 1 0. 2 0, 6 2. 7 0. 2

Heleidae 0. 1

Terrestrial 0.5 0.5 1.3 12.8

August 12, 1969

Amphipoda
Gammaridae

Crangonyx 0. 2 1.1 0.7

Ephemeroptera
Baetidae

Baetis 2.4 0.1 0.1 1. 1 0.5 0. 1

Paraleptophlebia 0. 1

Diptera
Chironomidae 0.3 0.8 0.4 0.4 0.3

Taxa 0 0 1.5% SKME 7.5% SKME .75% KME 1.5% KME



APPENDIX V. (Continued)

Concentration of Kraft Mill Effluent
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Taxa 0 0 1.5% SKME 7.5% SKME .75% KME 1, 5% KME

August 26 1969

Amphipoda
Gammaridae

Crangonyx 0.3 0. 2 0. 3 0.2 0.3

Ephemeroptera
Baetidae

Baetis 0. 2 0.7 0.6 0.3 0.2 0.4

Diptera
Chironomidae 0.3 0.6 0.1

Terrestrial 0. 1

September 23, 1969

Amphipoda
Garnmaridae

Crangonyx 0. 2 0. 2

Epherneroptera
Baetidae

Baetis 0.1 0.1 3.8 0.2 2.3

Dipter a
Chironomidae 0. 1 0.5 0. 1 0, 1

Terrestrial 2.0 5. 5 0. 2 5.5 2. 8



APPENDIX VI. Biomass of benthic organic matter expressed as g/m2 ash free dry weight.

Concentrations of Kraft Mill Effluent
Date 0 0 1.5% SKME 7.5% SKME .75% KME 1.5% KME

November 20, 1968 9.5509 13.0304 5,7412 5.3442 21.1300 6.4451

November 30 3. 2225 6. 6310 4.4001 5.2308 8.0731 3.9031

December 15 10. 8353 17. 1904 9. 5609 14.3514 11. 2089 13. 6475

December 27 9. 9279 1. 6279 4. 7838 4. 5269 3. 3860 4. 4168

February 3, 1969 8.4667 4.0699 5.2241 3.2025 7.9196 4.1366

February 17 9. 3207 3.6062 5.2308 4.2600 4.0332

March 3 19. 9926 4, 0899 15.4490 3. 4894 9. 4675 5, 7046

April 5 21. 6206 8. 6000 18.6048 8. 6869 20.0493 18. 1178

April 19 20. 2595 6. 7854 9,3674 2, 2951 17. 2304 9.9379

May 23 24. 8498 8. 6535 20. 2459 10. 6084 39.2647 22. 1210

June 20 1. 5512 3. 2058 3,6462 5,3275 2.5252 6.0114

July 25 23. 7022 5. 3909 39.1980 23.3520 14.1713 9.3741

August 12 13. 6106 13. 8818 22.0177 17.5243 12. 1070 4. 3834
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APPENDIX VII. Biomass of drifting organic matter expressed as mg/m3 ash free weight.
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Date 0
Concentrations of Kraft Mill Effluent

0 1. 5% SKME 7.5% SKME 75% KME 1.5% KME

June 8-9, 1969 18. 333 5.034 10.263 10.029 67.608 137.085

June 18-20 13. 101 5.894 13. 399 30. 350 13.558 74.751

June 26-28 12. 439 5.486 6.936 6.791 21.311 45,124

July 2-7 10. 425 5. 911 4.849 14.131 17.450 32.415

July 10-11 5. 815 6.232 6.585 23. 837 22. 733 20. 971

July 16-17 6. 875 3.611 2.343 9.706 8.962 22.853

August 10-14 22. 257 1.111 8.731 20.491 9.204 7.333

August 19-22 13. 655 2.135 26.428 6.428 10.996 7.048




