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The effects of kraft pulp mill effluent (KME) on the growth,

production, aid food consumption of juvenile chinook salmon,

Oncorhynchus tschawytscha (Walbaum), and on the abundance of their
r

food organisms were studied. In simplified communities in six labo-

ratory streams. The investigation was conducted between June 1966

and June 1967 at the Pacific Cooperative Water Pollution and

Fisheries Research Laboratory, Oregon State University.

The waste, which was collected weekly fromsettling lagoons

of a kraft pulp mill producing paper from unbleached pulp, was

introduced into the laboratory streams at a constant flow rate.

The toxicity of each batch of waste was characterized by acute

toxicity bioassays for which 96-hour median tolerance limit (TLm)

values were established. The concentration of acutely toxic sub-

stances added to each stream was expressed as a decimal fraction

of the TL, values.
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Salmon growth rate and production were reduced in laboratory

streams that received KNE at a concentration of 15 mi/liter (1:67

dilution) and a toxicity ranging from 0.14 to 0.36 TL. Little or

no reduction was found to occur in streams that received waste at a

concentration of 5 mi/liter (1:200 dilution) and a toxicity ranging

from 0.05 to 0.08 TL. The reductions in growth rate and production

in the 15 mi/liter streams were greater at high stocking densities

than at low stocking densities. With the exception of the highest

stocking levels, food consumption was usually as high in the 15 ml!

liter streams as in the control or 5 nil/liter streams. Estimates

of food abundance in the laboratory streams did not indicate any

reduction attributable to the waste.

The reductions in growth rate and production at concentrations

of 15 ml/liter were attributed to a direct toxiceffect of the waste.

Information on the food abundance, food consumption, and activity

of the salmon at the highest stocking densities indicated that the

waste was affecting either the desire or the ability of the salmon

to feed. The interaction between salmon stocking density and KHE

toxicity indicates the need for understanding the influence of other

environmental factors in studies of the effect of kraft pulp mill

effluents on fishery resources.
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EFFECTS OF KRAFT PULP MILL EFFLUENT
ON THE PRODUCTION AND FOOD RELATIONS OF JUVENILE

CHINOOK SALMON IN LABORATORY STREAMS

INTRODUCTION

Dilute concentrations of kraft pulp mill effluents (KNE) can

be found in many rivers and other waters of the Pacific Northwest.

Rarely do the concentrations in these waters approach the levels

shown to be acutely toxic to fish and other organisms. The potential

dangers of low levels of KME to fishery resources are the possible

long term direct effects upon the resource or upon the food web of

the resource. Of particular interest is the effect that these wastes

may have upon anadromous salmonids. At low concentrations, KME may

sufficiently alter the chemical characteristics of the receiving

water to cause changes in the plant and animal communities. The

extent to which such changes may influence the growth and production

of salmonids is not known.

Literature pertaining to the effects of dilute concentrations

of KME on fish and other aquatic organisms is not extensive. Most

of the work has been limited to acute toxicity bioassay studies

conducted in the laboratory. The variation in wastes from mill to

mill and the different methods used by investigators has resulted in

considerable disagreement regarding the concentrations of waste con-

sidered safe for aquatic life. However, there seems to be general

agreement among these investigators that the levels of waste normally

found in receiving waters is substantially below that which could be

a direct hazard to fish and other aquatic forms (Extrom and Farner,
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1943; Van Horn, Anderson, and Katz, 1949, 1950; Haydn, Amberg, and

Dimick, 1952; National Council for Stream Improvement, 1949).

More recently, a few studies have been conducted to determine

the possible direct effects of low levels of KME on fish. The State

of Washington Department of Fisheries (1960) exposed young chinook

salmon Oncorhynchus tshawytscha (Walbaum) to dilutions of KME ranging

from 1:200 to 1:20 in flowing sea water. After 23 days, a 10-percent

kill occurred in dilutions of 1:60 and 1:40 and a 70-percent kill

occurred in a 1:20 dilution. The fish fed well and acted normally

until shortly before death when they became sluggish and settled to

the bottom. Fugiya (1961) has presented histochemical evidence

which indicates harmful effects to the function of many of the inter-

nal organs of the stenohaline fish Sparus macrocephalus exposed only

12 to 20 hours to low concentrations of KNE.

Wilson (1953) studied the effect of KME on stream bottom fauna

in the Clearwater River. Samples of benthic organisms were collected

before and after the kraft pulp mill at Lewiston, Idaho, started

operation in 1950. The presence of the waste stimulated heavy growths

of slime and sewage fungi, and rendered the affected areas of the

river untenable for mostspecies of bottom organisms found to occur

before the mill started operation. Wilson suggests that changes in

the plant community and the food chains dependent upon it were prob-

ably more harmful than any toxic effects of the waste.

This thesis presents the results of studies conducted between

June 1966 and June 1967 at the Pacific Cooperative Water Pollution

and Fisheries Research Laboratory, Oregon State University. The main
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objective of the study was to determine the influence of KME on the

growth, production, and food consumption of juvenile chinook salmon

and on the abundance of their food organisms in simplified communities

in laboratory streams. Another objective wasto obtain information

on the effects of the effluent of a kraft mill on the levels of abun-

dance of benthic organisms in a natural stream into which it was

being discharged. It was hoped that the information gained from

these studies could be successfully used as a foundation for studies

of more complex communities. Some of the advantages and disadvantages

of using laboratory streams for ecological investigations have been

discussed by Mclntire et al. (1964), Davis and Warren (1965), and

Brocksen (1966).

Laboratory stream experiments were performed during the summer

and fall of 1966, but because of the lack of knowledge of the require-

ments of chinook salmon these studies were largely unsuccessful. The

results were deemed unreliable because of the high mortality rates

and very low growth rates of the fish in all streams during this

period. In later experiments, the results of which are presented

in this thesis, stocking densities were much lower than those that

were used during the summer and fall. In addition, the stream bottoms

were modified to provide both pools and riffles in each stream.
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MATERIALS AND METHODS

Laboratory Stream Apparatus

Six laboratory streams were used in this study (Figure 1). Each

stream was contained in a wooden trough 66 cm wide, 25 cm deep, and

3.3 m long. A median partition divided each trough into two identical

channels. Openings at each end of the partition permitted circulation

of water between the two channels. A standpipe was placed at one

end of each trough to maintain a constant water level. A riffle-pool

situation was produced by elevating a 168-cm section of the bottom of

each channel with sheets of non-toxic Styrofoam. This arrangement

produced a pool at each end of the troughs with a riffle section

between. Of the 1.55 m2 of productive bottom area in each stream,

1.00 m2was riffle and 0.55 m2 was pool. The bottoms of the troughs

were covered with similar amounts of rock taken from a natural stream

bed. Care was taken in the placement of the large rocks so that

their positioning was similar in each stream. Stainless steel paddle

wheels, driven by constant speed electric motors, were used to main-

tain a current of approximately 23 cm/sec over the riffle sections.

Water in each laboratory stream was exchanged at a rate of two liters

per minute with filtered water from a small spring-fed stream. The

exchange rate was measured with flow meters which were checked daily.

Each trough contained 215 liters of water. No attempt was made to

control the water temperatures; they followed closely the diel and

seasonal variations of the water supply. Changes in water tempera-

ture over the experimental periods are shown in Figure 2.
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Figure 1. One of six laboratory streams used in this study.
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Figure 2. Weekly mean and range of temperature in the laboratory streams from February
to June 1967.
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The laboratory streams were housed in a building with a

translucent fiberglass roof having a southern exposure. Two sides

of the building were left partially open to allow free circulation

of air and to maintain temperatures similar to those outside. The

fiberglass roof reduced light intensity on a sunny day by approxi-

mately 60 percent. During the spring of 1967, additional reduction

in light intensity was required to reduce algal growth in the streams.

A Saran shading cloth, designed to reduce light intensity by 80 per-

cent, was placed approximately four feet above the streams.

Pulp Mill Effluent

Effluent was collected weekly from the outfall of the settling

lagoons of a kraft mill that produces paper from unbleached pulp.

The waste was pumped into polyethylene-lined, 50-gal barrels and

delivered directly to a refrigerated holding tank in the laboratory

stream building. The holding tank was lined with fiberglass and

iron refrigeration coils in the tank were painted with non-toxic

paint.. The waste was pumped from the holding tank to the laboratory

streams through plastic tubing. A peristaltic-type pump was used

to maintain the waste flows which were checked daily.

The concentrations of KNE added to the laboratory streams were

maintained at a constant level throughout each experiment. With the

exception of two batches, each batch of waste was characterized by

acute toxicity bioassays conducted by staff of the Western Regional

Division of the National Council for Stream Improvement (NCSI). The

median tolerance limit (TLm) the concentration of waste which



killed 50 percent of the fish within 96 hours, was used as a measure

of the toxicity of the waste. Young chinook salmon, similar in size

to those used in the laboratory streams, were used as test animals.

Although TLm values do not provide a direct measurement of the sub-

lethal effects of I(ME, they provide a useful index of the concentration

of acutely toxic substances.

The five-day biochemical oxygen demand (BOD), volatile solids,

total dissolved solids, and chemical oxygen demand (COD) were also

determined by the NCSI (Appendix 1). These values are included in

order to further characterize the waste and to indicate a measure of

the variability between the different batches used in the experiments.

Experimental Animals

Underyearling chinook salmon were obtained from the Oregon

State Fish Commission hatchery at Oakridge. Hatchery rather than

wild fish were used because they were more easily obtained and were

of more uniform size and condition. The salmon were held in aquaria

and fed live tubificid worms before they were used in experiments.

The salmon were weighed before and after each experiment.

Before weights were taken, the fish were held without food for a

period of time sufficient to insure that 'their guts were empty.

Each salmon was anesthetized with tricaine tuethanesulfonate (MS-222),

blot dried, and weighed with a Mettler balance accurate to 0.1 mg.

The mean percentage dry weight of a sample of salmon similar in size

to those stocked in the laboratory streams was computed at the

beginning of each experiment. From this value, the initial dry



weights of the salmon could be estimated. Dry weights were obtained

for all fish at the conclusion of each experiment. All dry weights

were taken after the fish had been dried in an oven for five days

at 70 C.

Laboratory Stream Methods

Laboratory stream experiments were conducted during the winter

and spring of 1967. Experiment 1 began January 30 and was terminated

February 8. Of the six laboratory streams used in Experiment 1, two

received KME at a concentration of approximately 15 mi/liter (1:67

dilution), two received a concentration of approximately 5 mi/liter

(1:200 dilution), and two received no waste. A salmon bioinass of

1.6 g/m2 (five fish) was placed in each of three streams whereas a

biomass of 3.3 g/m2 (ten fish) was placed in the remaining three

streams. This provided both a low and high bioinass at each concen-

tration of KNE and in the control streams. The streams were left

undisturbed after the experiment was terminated.

Waste concentrations in Experiment 2 were the same as in

Experiment 1, and the same experimental design was used. It was

begun February 9 and was terminated March 13. The salmon biomasses

were approximately 1.3 and 2.6 g/m2 for the respective low and high

stocking levels in the second experiment.

Experiment 3 began April 25 and was terminated May 31. In this

experiment, three streams received waste ata concentration of

approximately 15 mi/liter while the remaining three streams received

no waste. An alteration in waste introduction was required for only
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two streams. One of the two streams, which in the previous experi-

ments had received waste at a concentration of 5 mi/liter, received

15 nil/liter while the other stream received no waste. Since an

important aspect of this experiment was to determine the relationship

between salmon biomass and production, a range of biomasses was

stocked. Of the three streams receiving waste, one was stocked with

approximately 5.0 g/m2 (12 salmon), one with approximately 2.5 g/rn2

(8 salmon), and one with approximately 1.6 g/m2 (4 salmon). The same

range of stocking densities was employed in the three streams

receiving no waste. Measurements of the changes in weight of the

fish removed after 15 days indicated that the biomasses of fish at

the highest densities could be substantially increased. Four days

after removal, the salmon were returned to their respective streams.

Additional fish were added to the high bioniass streams, the same

number of fish were returned to the intermediate biomass streams, and

one fish was removed from each of the low biomass streams. The

adjusted biomasses for the respective high, intermediate, and low

stocking levels were 7.7, 3.9, and 1.6 g/m2.

For Experiment 3, each salmon was marked using a "cold brand"

technique. The tips of marking tools similar to those described by

Groves and Novotny (1965) were dipped in a mixture of acetone and

dry ice. The marks were made by gently pressing a cold, raised

letter against the side of the fish for two to three seconds. The

marks were easily distinguishable as dark outlines one week after

branding.
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When no mortality occurred, salmon production was estimated

directly by measuring the increase or decrease in weight of the

salmon during a given experimental period. When it was determined

at the end of an experiment that a salmon had died or had been lost

from a stream, an adjustment of the production value was required.

The missing fish was assumed to have lived in the stream for an

average of half the experimental period. The production value was

determined by multiplying the average number of salmon in the stream

by the difference between the mean initial and mean terminal weights.

The mean biomass of the salmon in each stream was calculated by

taking the mean of their initial and terminal weights. When a fish

was lost, the mean of the mean initial and mean terminal weights

was multiplied by the average number of fish present during the

experiment. Experimental animals were selected for uniformity of

size at the beginning of each experiment to reduce errors in esti-

mating weights of animals in the event they were lost.

Marking of the salmon in Experiment 3 provided a better

estimation of production and mean biomass when a fish was lost. The

exact initial weight of the missing fish was known and did not have

to be estimated. In some cases, the date when a fish was lost was

known. Production was then estimated by multiplying the mean weight

change per day of each salmon living at the end of the experiment

by the number of days the missing fish was present in the stream.

This value was then added to the total weight change of the fish

living at the end of the experiment. Knowledge of initial weights

of each fish also made estimations of mean biomass more accurate.
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Mean growth rates of the salmon were computed from the estimated

production values. Total salmon production per stream was divided

by the mean biomass of salmon present during a given experimental

period. The quotient was then divided by the number of days in the

interval. The resulting growth rate values were expressed in milli-

grams of growth per gram of salmon per day (mg/g/day).

Food Consumption

Direct measurement of the food consumed by salmon in the

laboratory streams was not possible. Estimates were based upon a

comparison of the rates of growth of salmon in the streams with

those of salmon held in aquaria and fed different known rations of

food. Work done by Brocksen (1966) with cutthroat trout (Saimo

clarki) In laboratory streams supports the validity of the use of

this relationship. Results of an aquarium study, performed under

similar conditions of light, temperature, and water quality as the

laboratory stream experiments, will be presented in a separate thesis

by Tokar (1967). The chinook salmon used in the aquarium experi-

mentswere similar in size to those used in the laboratory streams.

Eight aquaria were used to test differences in the growth rates of

salmon exposed to concentrations of KNE corresponding to 0.17 and

0.09 of the TLm value. Four additional aquaria were used for con-

trols. At each waste concentration, four different rations of

tubificid worms were fed. The feeding levels ranged from starvation

to all the food the fish would eat.
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Total food consumption by salmon per square meter of area in

the laboratory streams was computed by multiplying a given consump-

tion rate obtained graphically from the curves shown in Figure 3 by

the average biomass of fish per square meter and the product by the

number of days in the interval. Food consumption values in the con-

trol streams were computed from the growth rate-consumption rate

curve based on the control data from the aquarium experiment. Food

consumption by salmon in the 15 ml/liter streams (range 0.14 to

0.36 TLm) was computed from the values taken from the 0.17 TLm

aquarium growth rate-consumption rate curve. An appropriate curve

for estimating food consumption in the 5 ml/liter streams (range

0.05 to 0.08 TLm) was not available and this required that values

be taken from a curve (dashed line) fitted between curves established

for the control fish and for fish kept at 009 TLm

Laboratory Stream Communities

Algal communities developed in the laboratory streams from

colonization by cells entering with the exchange water. Fout months

were allowed for initial colonization. During this period, pulp

waste was introduced according to the schedule planned for Experiment

1. Experiment 2 was a replication of Experiment 1 and, therefore,

required no adaptation period. Approximately 1-1/2 months were

allowed for the streams to adapt to the modifications in waste

levels made in Experiment 3. The filamentous green algae Stigea-

cloniuin subsecunda and the diatoms Melosira varians, Synedra ulna,

and Achnanthes lancealota usually dominated the communities. A
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FOOD CONSUMPTION (MG/G/DAY)

Figure 3. Relationship between rates of growth and food consumption for juvenile chinook
salmon. Dashed line was extrapolated from control and 0.09 TLm curve for use in
estimating food consumption rates for salmon in 5 mi/liter streams. This figure

taken from Tokar (1967).
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separate study is being conducted concurrently to determine the

effects of KNE on the algal communities.

An insect fauna was established in the laboratory streams by

repeated stocking and by insect eggs entering with the water supply.

The streams were stocked seven times during the four-month develop-

ment period preceding Experiment 1. The streams were restocked

again approximately two weeks before Experiment 3 was begun. Most

of the insects were collected from Berry Creek, a small woodland

stream 12 miles northwest of Corvallis. Berry Creek was chosen

because it offered an abundant supply of a wide variety of insects.

Collections were made by disturbing a section of a riffle bottom

and then collecting the dislodged insects and detritus in a large

plankton net. No attempt was made to separate detritus from the

insects before they were stocked in the laboratory streams. Equal

volumes of the insect-detritus mixture were added to each stream.

Of the insects stocked, midge larvae of the genera Pentaneura,

Chironomus, Tanytarsus, and Cizlopsectra were most abundant. A

variety of ephemeropteran naiads were observed in the collections.

Of these, Cinygmula, Epyorus, Bastis, Heptagenia, and Paralepto-

phiebia were the most common genera. Several members of the

plecopteran and trichopteran groups were frequently observed. The

megalopteran Sialis was seen occasionally. Other benthic animals

which were observed in the collections were the amphipod Garninarus,

the pulmonate snail Physa, and small oligochacte worms of the

families Naididae and Tubificidae.
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Food Organism Abundance

Samples were taken of both the benthic fauna and drifting

organisms to provide estimates of the abundance of food organisms

present in the laboratory streams. For each experimental period,

benthic samples were taken immediately before salmon were stocked,

at approximately ten-day intervals during the experimental period,

and immediately after the salmon were removed. Experiments 1 and 2

were considered as a single experimental period for bottom sampling

purposes since the streams were unaltered between the two experiments.

The samples taken at the beginning and end of each experimental

period included material from about 0.11 m2 or about six percent of

each stream. The samples taken during the experimental periods were

half as large, including material from only three percent of each

stream. In order to obtain the samples, two water-tight partitions

were inserted between the walls of the stream. After the rocks and

gravel were scrubbed in the water and removed, the water containing

the benthic organisms was siphoned into a plankton net which con-

centrated the animals and most of the algae. The samples were

preserved in a four-percent formalin solution. The benthic orga-

nisms were separated from the algal material and classified

according to family or genus. Each group was blot dried before

weighing.

Two methods were employed to estimate the abundance of drifting

organisms in the laboratory streams. During Experiments 1 and 2,

24-hour samples were taken at weekly intervals with plexiglass
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drift samplers. The samplers were designed to sample a vertical

section of each stream from the bottom to the surface. Water was

pumped through each sampler so that the intake velocity closely

approximated the velocity of water in the stream at that point. A

screen was placed in front of each sampler to keep the salmon from

entering the intake. Two liters per minute of the water passing

through each sampler were siphoned into a plankton net. The drifting

organisms concentrated in a plankton net were separated from the

aggregation of algae and other material too large to pass through

the net. Wet weights were recorded for the organisms collected in

each net.

An alternate method for sampling the drifting organisms was

necessary during Experiment 3 since the algae became so abundant

that the screens in front of the samplers were continually clogged.

After the salmon biomasses were adjusted in Experiment 3, the drift

was sampled by placing plankton nets under the standpipe drains.

Each stream was sampled during one 24-hour period each week. Ani-

mals found in the exported material were removed and weighed.

McKenzie River Samples

Samples were collected from three riffles on the McKenzie River

to determine the composition and biomass of insects present above

and below the outfall of the kraft process paper mill at Springfield,

Oregon. Sampling Site I was located approximately five miles up-

stream from the outfall, Site II about 500 yards below the outfall,

and Site III approximately two miles downstream from the outfall.
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Each site was sampled once in September and once in November 1965

and again during August 1966. The device with which the samples

were collected completely enclosed a 0.23-in2 area of the stream

bottom. The rectangular frame of the sampler was fitted tightly to

the stream bed by means of an attached foam rubber gasket four

inches thick. The sides of the frame were lined with plastic screen

(32 mesh per inch Saran), and the collectthg cone at one end was

made of very fine screen cloth. Once the sampler was in place, all

the enclosed rocks were scrubbed in the water flowing through the

sampler into the collecting cone. After the rocks had been removed,

a fine-meshed dip net was repeatedly passed through the water in the

enclosed area until almost all debris and insects had been removed.

Thesamples were preserved in a four-percent formalin solution. The

benthic organisms were separated from the algal material and classi-

fied to order. Wet weights were recorded for each group.
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RESULTS AND INTERPRETATION

The growth rates of salmon stocked in Experiments 1 and 2 were

lower in streams receiving 15 mi/liter than in either the control

or 5 mi/liter streams (Table 1; Figures 4 and 5). At 5 mi/liter,

salmon growth rates were nearly the same as those in the control

streams. The reductions in growth rate between 5 mi/liter and 15

mi/liter were nearly the same at the high and low salmon biomasses

in both experiments (Figures 4 and 5). Food consumption for the

salmon in Experiments 1 and 2 was found to be approximately the same

in the 15 ml/liter streams as in the control or 5 ml/liter streams

(Table 1). This suggests that food was not reduced in the 15 ml!

liter streams and that the reduction in growth was probably the

result of a direct toxic effect on the fish which reduced their

efficiency to utilize for growth the food consumed.

Salmon growth rates were lower at the high biomass levels than

at the low biomass levels in Experiments 1 and 2 (Figures 4 and 5).

Differences in growth rates between high and low stocking densities

could be expected if the food supply were limited. Since each fish

at a high stocking level would get a smaller proportion of the avail-

able food than each fish at a low stocking level, growth rates at

the high stocking level would be reduced. It may also be observed

that the growth rates at both biomass levels in Experiment 2 (Figure

5) were higher than corresponding growth rates in Experiment 1

(Figure 4). The increased growth rates in Experiment 2 were probably

the result of an increase in the abundance of food organisms
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Table 1. Mean biomass, production, growth rate, and consumption
for salmon in the laboratory streams during Experiments
1 and 2.

Mean Growth

biomas Producion rate Consumpion
Treatment (g/m ) (g/m ) (rng/g/day) (g/m )

Experiment 1

Control

Control 0.343 0.072 20.8 0.239

5 mi/liter 0.685 0.065 9.7 0.315

5 mi/liter 0.337 0.080 23.8 0.252

15 mi/liter 0.622 0.019 3.0 0.303

15 mI/liter 0.352 0.051 15.3 0.251

Experiment 2

Control 0.665 0.329 16.5 1.236

Control 0.402 0.348 28.8 1.062

5 mi/liter 0.661 0.363 18.3 1.256

5 mi/liter 0.435 0.364 27.8 1.181

15 mi/liter 0.620 0.230 12.4 1.281

15 mi/liter 0.380 0.240 21.2 1.083
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(Appendix 2). No values are shown in Table 1 or plotted in Figure 4

for the high biomass-control stream because nine of the ten fish

stocked were accidentally killed in an insect drift sampler. Experi-

ment 1 was terminated immediately after the loss was discovered.

Salmon production at both levels of biomass during Experiment

2 was approximately 30 percent lower in the 15 ml/liter streams than

in the control streams (Table 1; Figure 6). Production values were

slightly higher in the 5 ml/liter streams than in the control streams

but these differences probably were not significant. For a given

waste concentration, production at the low biomass level was nearly

the same as production at the high biomass level (Figure 6). From

these results, it would be difficult to determine whether the decrease

in production in 15 mi/liter streams was related to food abundance

or to a direct toxic effect of the waste.

Experiment 3 was designed to further test the hypothesis that

the reduction in salmon growth and production at 15 mi/liter was the

result of a direct toxic effect on the fish. Salmon were stocked at

three biomass levels in an attempt to better define the relationship

between biomass and production for control and for 15 mi/liter

streams. Production values based on the wet weight change of the

fish after 15 days (Table 2) showed that production was nearly the

same across the range of biomasses stocked in the control streams.

It was, therefore, deemed necessary to alter the biomass levels.

The results presented in Figures 7, 8, and 9 are based on the values

determined after the biomass levels were adjusted (Table 2).
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Table 2. Mean biomass, production, growth rate, and consumption*

for salmon in the laboratory streams during Experiment 3.

Mean Growth

biomas Production rate Consumption

Treatment (g/m ) (g/m2) (mg/gLday) (g/m2)

April 25-May 10

Control 0.874 0.136 10.4 --

Control 0.628 0.141 15.0 --

Control 0.353 0.173 32.8 --

15 mi/liter 0.790 -0.061 -0.1 --

15 mi/liter 0.623 0.179 19.2 --

15 mi/liter 0.305 0.125 27.2 --

May 14-31
(adjusted biomass)

Control 1.474 0.250 10.0 1.062

Control 0.881 0.346 23.1 1.098

Control 0,460 0.393 37.3 0.888

15 mi/liter 1.180 -0.116 -5.8 0.582

15 mi/liter 0.810 0.194 14.1 1.042

15 mi/liter 0.353 0.154 25.6 0.683

*
Not computed for first 15 days.
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The relationship between biomass and production for salmon in

the 15 mi/liter and control streams shows that production was lower

at each level of biomass in the 15 mi/liter streams (Figure 7). It

may be observed that the greatest reduction in production occurred

at the high biomass level. For both curves, production was low at

low biomass levels, highest at intermediate biomass levels, and again

reduced at the high biomass levels. A similar relationship has been

described for sculpins (Davis and Warren, 1965) and for cutthroat

trout (Brocksen, 1966).

The relationship between production and biomass (Figure 7) can

best be explained by an examination of the relationship between

salmon biomass and growth rate (Figure 8). Since production is a

function of growth rate (growth rate x biomass x time = production),

production will be maximum at some intermediate level of biontass

where the product of growth rate and biomass is greatest. Growth

rate would decline with increasing salmon biomass if the food supply

were limited; each fish at low stocking densities would consume a

larger proportion of the available food than would each fish at high

stocking densities. The growth rates of the salmon in the 15 ml!

liter streams were markedly reduced from those in control streams

(Figure 8). The reduction of growth rate at the highest level of

biomass in the 15 mi/liter stream was somewhat greater than at the

highest biomass level in the control stream. Measurements of food

abundance and food consumption discussed later indicate that these

differences can largely be attributed to the toxic effects of the

waste.
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Food consumption values for salmon in the control streams

increased from the low to the intermediate biomass level and then

decreased only slightly at the high biomass level (Figure 9). Con-

sumption values in the 15 mi/liter streams increased from the low

to the intermediate biomass level and then dropped off steeply at

the high biotnass level. The low consumption in the high biomass-

15 mi/liter stream could account, at least in part, for the steep

drop in production which occurred between the intermediate and high

biomass levels (Figure 7).

The relationship between consumption and biomass shown for the

control streams (Figure 9) was similar to that described by Brocksen

(1966) for cutthroat trout. The leveling off of consumption values

at the high biomass level can probably best be explained by the

feeding habits of salmonids. Young salmonids in the lotic environ-

ment feed primarily on drifting organisms and, therefore, probably

do not significantly reduce the benthic fauna which supports the

drift. This would allow consumption to remain fairly constant at

high biomass levels. It is apparent that some other explanation

is necessary to describe the steep drop in consumption seen at the

high biomass level in the 15 mi/liter streams (Figure 9). Observa-

tions of the fish in the high biomass-15 mi/liter stream indicated

that the fish were not feeding well. It was apparent toward the

end of the experiment that a number of the fish were not healthy

and could barely maintain their positions in the stream. This would

seem to indicate that the waste was limiting the activity of the
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fish at the high biomass level, thus reducing their ability to

capture food.

The evidence which has been presented up to this point regarding

the abundance of food organisms in the laboratory streams has been

based primarily on consumption estimates computed from aquarium

growth rate-consumption rate curves. To provide a direct estimate

of the abundance of food organisms in the laboratory streams, benthic

samples and drift samples were taken periodically throughout the

experiments.

Mean weights of the major groups of benthic organisms present

in the laboratory streams during Experiments 1 and 2 (Table 3) were

based on four samples; one collected immediately before Experiment 1,

two collected during the experiments, and one collected shortly after

the termination of Experiment 2 (Appendix 2). Comparison of the

mean total weights of organisms found in each stream did not indi-

cate any reduction which could be attributed to the waste. With the

exception of the high biomass-15 mi/liter stream, there was little

difference in the mean total weights of benthic organisms in each

stream. The low value for the high biomass-iS mi/liter stream prob-

ably cannot be ascribed to an effect of the waste since the other

13 mI/liter stream had one of the highest mean total weights of

oranisms found in any of the streams.

Chironomids are probably one of the most important food items

for juvenile salmon in nature, therefore, it is of interest to corn-

pare their biomass values for each stream. It can be seen that

Chironomidae weights were lowest in the 15 mi/liter streams,
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Table 3. Mean weights of benthic organisms in samples collected
January 24, February 15, March 1, and March 13, 1967,
from each laboratory stream for Experiments 1 and 2,
expressed as grams per square meter of stream area.

High biomass Low biomass
Taxonomic Con- 5 ml! 15 ml! Con- 5 ml! 15 ml!

group trol liter liter trol liter liter

Ephemeroptera 1.4793 1.5962 0.8924 1.4483 2.5528 0.8213

Odonata 0.0178 -- -- --

Plecoptera 0.4613 0.0578 0.0611 0.5186 0.1243 0.2877

Trichoptera 0.2895 0.8933 0.0110 0.2599 0.0350 0.1636

Coleoptera 0.0049 0.0027 -- 0.0164 -- --

Diptera
Chironomidae 6.8568 4.7516 3.3684 5.0399 4.6381 3.8214

Other Diptera 0.0925 0.1762 0.0885 0.6755 0.2190 0.2039

Megaloptera 0.0102 0.2389 0.6609 0.3396 1.2038 1.6186

Amphipoda 0.5945 0.4261 0.4180 0.2714 0.7559 1.3959

Total 9.8068 8.1428 5.5003 8.5696 9.5289 8.3124
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intermediate in the 5 mi/liter streams, and highest in the control

streams (Table 3). These differences would not be apparent from

the total weights given for benthic organisms (Table 3). It appears

that the differences in chironomid biomass were related to the con-

centration of waste. A large proportion of the chironomids present

in the control streams was represented by a single cohort of the

genus Micropsectra. These midges were found In small numbers in

the 5 mi/liter streams and were only rarely found in the 15 mi/liter

streams. Apparently, either the waste or the changes in the environ-

ment caused by the waste was not tolerated by this group of chironontids.

The impact of the differences in chironoinid biomass levels on

the growth of the salmon in Experiments 1 and 2 may not have been as

great as might first appear. The single cohort of Micropsectra

found in the control streams may not have contributed greatly to the

food supply of the salmon. Chironomids of this particular group

live in small tubes which they securely attach to rocks or other

substrate. Several finger-like projections extend from the margin

of the opening of their tubes, between which they secrete a fine net

for trapping drifting food material (Waishe, 1951). Since the

larvae do not leave their tubes to feed, they may not be readily

available for consumption by the salmon. This particular group of

chironomids is probably most vulnerable to predation by salmonids

when it emerges as an adult. The cohort of Micropsectra in the

control streams did not emerge until after the termination of Experi-

ment 2.
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The contribution of Micropsectra to the drift during Experiments

1 and 2 could have been measured had reliable drift information been

available. The drift samplers used in these experiments were not

considered satisfactory for sampling the drift.

The mean weights of the major groups of organisms recorded for

Experiment 3 (Table 4) were based on four samples taken in the same

sequence as described for Experiments 1 and 2. It can be observed

that the totals for the three 15 mi/liter streams are higher than

totals for the three control streams at corresponding biomass levels.

The same relationship can be seen for the Chironomidae and Amphipoda,

which by weight constitute a large proportion of the total biomass.

From these results, it can be stated with some certainty that the

waste did not reduce the abundance of benthic organisms in Experi-

ment 3 at a concentration of 15 mi/liter.

During the last 17 days of Experiment 3, three estimates were

made of the abundance of drifting organisms by directing the flow

of water from the standpipe drains of each stream through a plankton

net. The weight of organisms collected from the 15 mi/liter streams

was nearly as high or higher than control streams at corresponding

levels of salmon biomass (Table 5). It is of particular interest

to note that in the two streams which had the greatest difference

in salmon production (high biomass-15 mi/liter and high bioinass-

control) the weight of drifting organisms was higher in the stream

receiving waste (Table 5).



35

Table 4. Mean weights of benthic organisms in samples collected
April 24, May 5, May 19, and June 2, 1967, from each
laboratory stream for Experiment 3, expressed as grams
per square meter of stream area.

High Intermediate Low

biomass biomass biomass

Taxononiic Con- 15 ml! Con- 15 ml! Con- 15 ml!

group trol liter trol, liter trol liter.

Ephemeroptera 2.7960 1.0688 0.7909 1.3373 3.1177 1.3775

Plecoptera 0.7703 1.0672 2.5565 2.3689 1.1676 1.9012

Trichoptera 0.0557 -- 0.0803 0.8772 0.0320 0.0168

Coleoptera 0.0145 0.0027 -- -- -- 0.0086

Diptera
Chironomidae 2.6211 3.1693 3.0519 3.3008 3.0953 3.5729

Other Diptera 0.0587 0.0571 0.3943 0.0852 0.0400 0.0959

Amphipoda 0.5238 1.8865 1.1438 2.2348 0.9531 4.9019

Total 6.8401 7.2516 8.0177 10.2042 8.4057 11.8748
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Table 5. Density of drifting food organisms in the laboratory
streams during Experiment 3, expressed as milligrams

per cubic meter.

High Intermediate Low

biomass biomass biornass

Con- 15 ml! Con- 15 ml! Con- 15 rail

Date trol liter trol liter trol liter

May 15 183 191 208 429 276 209

25 162 269 369 137 230 2889

31 129 217 146 16 415 43

Total 474 677 723 582 921 3141

A comparison was made of the effect of the different waste

treatments on the benthic fauna In the laboratory streams with the

effects of waste introduced into the McKenzie River. Three sites

were compared on the McKenzie River above and below the effluent

discharge of a kraft paper mill at Springfield, Oregon. Sampling

Site I was approximately five miles upstream from the effluent dis-

charge. Site II was about 500 yards below the point of discharge

where mixing of the effluent with river water was not complete.

Site III was approximately two miles downstream from the discharge.

Samples were collected during September and November 1965 and in

August 1966. For each of the three sampling dates, the sample col-

lected at Site I had the greatest variety and biomass of benthic

organisms, Site II had the least variety and the lowest biomass,

and Site III was intermediate in variety and biomass (Table 6). An

increase in the relative abundance of berithic organisms at Site II

was seen in the 1966 sample. Trichoptera which were completely



Table 6. Weights of benthic organisms collected from three sampling sites on the McKenzie River,

expressed as grams per square meter of stream area.

Taxonomic September 1965 November 1965* August 1966

group Site I Site II Site III Site I Site II Site I Site II Site III

Ephemeroptera 3.1548 0.6317 0.6530 5.3513 0,0765 3.5196 0.4404 1.3457

Plecoptera 0.5530 0.0448 0.3065 8.8557 0.0122 0.8122 0.0522 0.3652

Trichoptera 4.2648 1.6017 10.3374 -- 8.4222 0.0200 3.0774

Coleoptera 0.3187 0.3883 0.3791 0.1809 3.1722 0.0557 0.3026 0.2365

Diptera 5.7987 2.8491 3.2248 3.2574 1.5913 4.7489 9.3252 8.0174

Oligochaeta -- - -- -- 0.5391 -- 0.2717 --

Total 14.0700 3.9139 6.1651 27.9827 5.3913 17.5582 10.4121 13.0422

*
Sample from Site III was lost.

-4
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absent in the 1965 samples were found in small numbers in 1966. An

increase in thevariety of mayf lies was also noted. The increase

in variety and relative abundance of benthic organisms at Site II in

1966 may have been the result of secondary waste treatment initiated

by the mill in 1966.

In the laboratory streams, no detrimental effects to the benthic

fauna could be attributed to concentrations of waste as high as 15

mi/liter. This, perhaps, illustrates the difficulty in extrapolating

the results of short term laboratory stream experiments, where equi-

librium conditions between the benthic fauna and the waste may not

have been achieved, to conditions which actually exist in nature.

It should also be pointed out that no measurements were made to

determine the concentration of waste In the water at Site II; incom-

plete mixing of the waste with the receiving water may have resulted

in much higher waste concentrations than the highest concentration

added to the laboratory streams.
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DISCUSSION

A thorough description of the effects of a pollutant on plant

and animal communities would require detailed information on the

bioenergetics, food relations, and production of each species within

the communities. Although desirable, the technical problems involved

in such a study almost preclude its application. In this study,

emphasis was placed on the production of a single species, chinook

salmon, to suggest the possible application of similar production

measurements in evaluating the effects of pollution in more complex

systems. Production at the species level is a particularly valuable

measure since it probably best reflects the success of a population

in the community. It must be recognized, however, that production

measurements in themselves cannot describe how a pollutant affects

a resource.

The production of a population is directly related to the

quantity of food consumed and the proportion of the consumed food

that is assimilated and used for growth. The use of the energy of

assimilated food for growth is dependent upon metabolic costs of

standard metabolism, activity, specific dynamic action of food (SDA),

and processes of digestion, movement, and deposition of food (Warren

and Davis, 1967). An increase in the costs of maintaining an

organism would cause a decrease in the amount of food energy available

for growth. A pollutant may affect maintenance costs directly as

a toxic effect on the organism or indirectly through damage to the

food supply. A direct toxic effect may be thought of as an increased
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metabolic load placed on the organism, requiring more of the

assimilated food energy for maintenance. A decrease in food abun-

dance would increase the proportion of food energy that must go to

maintenance and, in addition, would increase the cost of activity

associated with searching for a limited supply of food.

Food abundance was discounted as a possible reason for the

differences in salmon production seen between the 15 mi/liter

streams and the control streams in Experiment 3 (Figure 7). The

low production in the 15 nil/liter streams was, therefore, attributed

to a direct toxic effect of the waste. From the shape of the pro-

duction curves (Figure 7), it was apparent that the effect of the

waste was most severe at the high biomass level. Consumption curves

plotted for Experiment 3 (Figure 9) show that food consumption was

much lower in the high biomass-15 mi/liter stream than in the high

biomass-controi stream. This relationship was not shown for the

low and intermediate biomass levels where consumption in the 15 ml/

liter streams was only slightly lower than consumption in the control

streams. An effect on maintenance costs seems to be the most probable

explanation of the action of the waste at the low and intermediate

biomass levels. However, it cannot be discounted that there may have

been some effect on the ability of the fish to assimilate food. At

the high biomass level, information on the food abundance, food

consumption, and activity of the salmon indicated that the waste was

affecting either the desire or the ability of the salmon to feed.

Perhaps, the difference in the action of the waste at the high bio-

mass level can partially be explained by the additional stress placed
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on the fish at high stocking densities where competition for space was

increased. Alderdice and Brett (1957) have shown that the stress

imposed by the low dissolved oxygen concentrations increase the toxic

effects of KME to salmon. This points out the need for consideration

of environmental variables when evaluating the effects of KNE on

salmon growth and production.

Acute toxicity (TL) of the KME used during the laboratory

stream experiments was found to vary with each batch of waste (Table

7). The amount of toxicity added to each stream was expressed as a

decimal fraction of TL . The fraction of TL added to the 5 and 15
m in

mi/liter streams during Experiment 2 ranged from 0.05 to 0.08 and

0.14 to 0.24, respectively (Table 7). A reduction in growth rate

and production was noted in the Ol4toO24TLm range, but no effect

was shown in the 0.05- to OO8_TLm range. During Experiment 3, the

fraction of TL added to the streams ranged from 0.15 to 0.36 and

reduction in growth and production was also noted. Differences in

biomass, season, and water temperature make it difficult to compare

the effects of the waste shown for salmon during Experiment 2 with

those shown for Experiment 3. On the basis of the fraction of TLm

added, one might expect the effects to have been more severe during

Experiment 3.

It was noted for the different batches of waste used during

the experiments that a relationship, although poorly defined,

appeared to exist between TL and BOD; the higher the BOD, the more

toxic the waste. Since acute toxicity bioassays were not conducted

on two of the batches of waste used during the experiments, BOD
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Table 7. Biochemical oxygen demand (BOD) and median tolerance
limit (TLm) values obtained for the different batches
of waste used in the experiments, and the decimal
fraction of the TL values for the two waste concen-

trations added to the laboratory streams.

,I,.T

BOD 15 mi/liter 5 nil/liter

Date (mg/liter) TLm streams streams

Experiment 1

January 25 173 -- -- --

Experiment 2

February 8 172 11.0 0.14 0.05

15 240 6.2 0.24 0.08

March 1 255 7.5 0.20 0.07

8 200 7.5 0.20 0.07

Experiment 3

April 26 290 4.2 0.36

May 3 166 10.0 0.15

10 222 4.4 0.35

17 221 7.0 0.21

24 257 -- --
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values are presented to indicate their approximate level of toxicity

(Table 7). Based on its BOD value, the January 25 batch used during

Experiment 1 probably had a relatively low level of acute toxicity.

The May 24 batch (Experiment 3) may have been one of the most toxic

batches since the BOD value was higher than most of the other batches.

Although the waste was refrigerated, bioassays on one batch of

waste showed that the acute toxicity was reduced by approximately

50 percent within the seven-day storage period. Had the waste been

replenished each day, the effects on salmon may have been more severe

than those observed.

There is evidence that further reduction in the toxicity of

the waste occurred after the waste was added to the laboratory

streams. Tokar (1967), using KME from the same source as that used

in this study, found that juvenile chinook salmon exposed to concen-

trations of KME over 0.30 TLm (96-hour) in aquaria were consistently

killed within 16 days. During Experiment 3, 96-hour TLm values as

high as 0.36 were recorded for laboratory streams receiving 15 ml!

liter, but these levels did not result in any s1mon mortality.

The treatment effect of the microorganisms in the laboratory streams

was apparently sufficient to reduce the toxicity within the 105-mm

retention time of the KME.

Although the results of the laboratory stream studies may not

be directly applied to natural systems, they do provide some insight

into the probable effects of !U4E of similar toxicity on natural popu-

lations of chinook salmon. In the laboratory streams, the addition

of KNE of concentrations below 5 mi/liter (1:200 dilution) and with



44

a toxicity below 0.08 TLm did not reduce the growth and production

of juvenile chinook salmon. However, concentrations above 15 ml!

liter (1:67 dilution) and with a toxicity greater than 0.14 TLm

limited the growth and production of the salmon. The interaction

found between salmon stocking density and KME toxicity indicates

the need for understanding the influence of other environmental

factors in studies of the effects of kraft mill effluents on

fishery resources.
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Appendix 1. Total dissolved solids (TDS), volatile solids,
chemical oxygen demand (COD), and biochemical
oxygen demand (BOD) for the different batches of

waste used in the laboratory stream experiments.

Volatile
TDS solids COD BOD

Date ppm ppm. (mg/liter) (mgjliter)

January 25 582 222 462 171

February 8 502 185 528 206

15 787 290 746 267

March 1 598 230 575 230

8 628 215 536 200

15 684 235 600 195

29 716 277 753 260

April 11 591 217 542 180

19 764 275 750 235

26 686 247 670 290

May 3 570 197 593 166

10 547 171 526 222

17 693 234 575 221

24 654 209 624 257
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Appendix 2. Biomasses of benthic organisms in laboratory streams
during Experiments 1 and 2 based upon samples collected

on January 24, February 15, March 1, and March 13,

1967, in grams per squaie meter of stream area.

Sample 1 January 24*

High biomass Low biomass

Taxonomic Con- 5 ml! 15 ml! Con- 5 ml, 15 ml!

group trol liter liter trol liter liter

Ephemeroptera
Baetidae

Baetis 0.0968 0.0312 0.0323 0.0377 0.4347 0.0592

Paraleptophiebia 0.2572 0.2066 -- 0.9975 0.2550 0.1991

Heptageniidae
Cinygmula 0.0194 0.0086 0.0161 -- 0.0065 --

Heptagenia -- -- -- 0.3088 -- --

Plecoptera
Ch loroperlidae
Nemouridae
Perlidae
Perlodidae

Trichoptera
Hydropsy ch idae

Lepidos tomatidae

Coleoptera
Elmidae

Diptera
Chironomidae
Other Diptera

Megaloptera
Sialidae

Siaus

-- -- -- 0.0258 -- --
-- -- 0.0753 -- 0.0377 --

1.1825 -- -- -- -- --

-- 0.0882 0.0861 1.2019 0.0323 0.0430

0.9178 -- 0.0441 0.5068 -- --

-- 0.2077 -- -- 0.1302 --

0.0065 0.0108 -- 0.0398 -- --

5.6458 3.5035 2.3704 4.4988 3.6068 2.5383

0.1471 -- 0.1065 0.6617 0.0495 0.1539

-- -- 0.1829 2.4447 2.2897 4.0328

Amphip oda

Gammaridae
Ganvnarus 0.1162 0.3099 0.6036 0.1291 0.0441 0.2227

Total 8.3893 4.3665 3.5173 10.8526 6.8865 7.2490

* Based on 0.11 square meter samples.

(continued on ncxt page)
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Appendix 2. (Continued).

Sanp1e 2 -February 15
High biomass Low biomass

Taxonoinic Con- 5 ml! 15 ml! Con- 5 ml! 15 ml!

group trol liter liter trol liter liter

Ephemeroptera
Baetidae
Baetis -- -- 0.0237 -- 1.3880 0.0280

Leptophiebia 0.6155 0.4627 2.0616 -- 0.8952 0.0624

Heptagenildae
Cinygmula -- -- -- 0.1184 0.1055 --

Heptagenia -- -- -- 0.6090 -- --

Plecoptera
Nemouridae --. -- -- -- -- 0.0108

Perlodidae 0.0409 0.0538 -- 0.0861 0.1571 0.1367

Trichoptera
Hydropsychidae -- -- -- 0.0517 -- 0.2776

Diptera
Chironomidae
Other Diptera

Negaloptera
Sialidae

Sia lie

7.1984 7.5299 3.9253 4.4530 4.9561 7.9968

0.0775 0.0538 0.0387 0.5595 -- 0.0882

-- -- 1.6527 -- 2.1305 2.3952

Amphipoda
Gannnaridae

Ganrmarus 1.9691 0.5380 0.2475 0.0043 1.1836 0.5445

Total 9.9014 8.6382 7.9495 5.8820 10.8160 11.5402

* Based on 0.05 square meter samples.

(continued on next page)



Appendix 2. (Continued).

Sample 3 -March 1"
High biomass Low biotnass

Taxonomic Con- 5 ml! 15 ml! Con- 5 ml! 15 ml!

group trol liter liter trol liter liter

Ephemerop tera

Baetidae
Arneletus -- -- -- -- -- 0.1743

Baetis 0,0968 0.2001 0.0108 0.4670 -- 0.0796

Leptophiebia -- 2.3435 0.8393 0.4648 2.2037 0.5746

Paraleptophiebia 0.5595 0.7102 0.0947 0.3271 2.8622 0.6542

Heptageniidae
Cinygimia 0.4347 0.7209 -- 0.1227 -- --

Heptagenia 0.6736 0.3658 -- -- 0.4670 --

Plecoptera
Nemouridae
Perlodidae
Pteronarcidae

Trichoptera
Rhyacophilidae

Coleoptera
Elmidae

Diptera
Chironomidae
Other Diptera

Megalop tera

S ialidae

Sia lie

0.1958 0.0129 -- 0.0215 -- --
-- -- -- -- -- 0.1463
-- -- -- -- -- 0.6096

0,0689 -- -- -- -- --

0.0129 -- -- 0.0258 -- --

4.3492 2.3564 3.6476 3.6885 2.5759 2.5157

-- 0.6069 0.0839 -- 0.0732 --

-- 0.9555 -- -- 0.0882 --

Amphipoda
Gammaridae

Ganvnarus 0.0646 -- 0.4412 0.6779 0.5186 0.4799

Total 6.4560 8.2722 5.1175 5.7953 8.7888 5.2342

*Based on 0.05 square meter samples.

(continued on next page)
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Appendix 2. (Continued),

Sample 4 - March l3
High biomass Low biomass

Taxonomic Con- 5 ml! 15 ml! Con- 5 ml! 15 ml!

group trol liter liter trol liter liter

Ephemeroptera
Baetidae

Ametetus 0.0839 -- -- 0.2356 0.0624 0.6596

Baetis 0.6499 0.5445 0,0463 0.0538 0.2335 --

Centroptilium -- -- -- -- 0.0086
Leptophiebia -- -- 0.1560

Paraleptophiebia 1.5891 0.4541 0.4358 1.3568 0.9684 0.6295

Heptageniidae
Cinygrnula 0.8371 0,3368 -- 0.6940 0.3296 --

Odonata
Coenagrionidae

Plecoptera
Ch loroperlidae
Nemouridae
Perlodidae

Trichoptera
Hydropsychidae
Rhyacophilidae

Diptera
Chironomidae
Other Diptera

Megalop tera
Sialidae

Sialis

0.7134 -- -- --

0.2981 -- 0.0237

0,0495 0,0377 -- 0.1420 0.0990 0.0248

0.3766 0,0387 0.0829 0.2991 0.1711 0.1560

0.1711 0.1496 -- 0.4810 -- 0.3766
-- -- -- -- 0.0097 --

10.2338 5,6167 3.5304 7.5191 7.4136 2.2349

0.1453 0.0441 O1248 1.4806 0.7532 0.5735

0.0409 -- 0,8081 1.1137 0.3067 0.0463

Miphipoda
Gammaridae

Ganvnarus 0,2281 0.8565 0,3798 0.2744 1.2772 4.3363

Total 15.1187 8.0787 5,4081 13.9482 11.6244 9.2258

* Based on 0.11 square meter samples.
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Appendix 3. Biomasses of benthic organisms in laboratory streams

during Experiment 3 based upon samples collected on

April 24, May 5, May 19, and June 2, 1967, in grams

per square meter of stream area.

Sample 1 - April 24*

High Intermediate Low

biomass biomass biomass

Taxonomic Con- 15 ml! Con- 15 ml! Con- 15 ml!

group trol liter trol liter trol liter

Ephemeroptera
Baetidae

Amele-tus 0.0488 -- 0.0636 -- -- 0.0170

Baetjs 0.0360 0.0297 0.1569 0.0424 0.0435 --

Paraleptophiebia 0.4049 0.5968 0.1410 0.0074 0.7865 0.4155

Heptageniidae
C'inygmula 0.0106 -- -- -- 0.1198 --

Epyorus -- -- 0.0466 -- -- --

Heptagenia 1.1416 -- 0.5364 -- 1.1342 --

Plecoptera
Nemouridae 0.1823 0.1314 0.3392 0.6074 0.2491 0.1410

Perlodidae 0.3509 0.1261 0.2714 0.0265 -- 0.0233

Trichoptera
Limnophilidae -- -- -- -- -- 0.0488

Rhyacophilidae -- -- 0.2491 -- -- --

Coleoptera
Elmidae 0.0127 -- -- -- --

Diptera
Chironomidae 2.0691 3.0804 2.6055 2.8694 2.6744 3.2044

Other Diptera 0.1961 0.0721 0.0986 0.0276 0.0382 0.0996

Amphipoda
Gammaridae

Garnmarus 0.2078 1.0611 0.5088 0.3042 1.0547 2.2949

Total 4.6608 5.0976 5.0171 3.8849 6.1004 6.2445

* Based on 0.11 square meter samples.

(continued on next page)
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Appendix 3. (Continued).

Sample 2 - May 5
High Intermediate Low

biomass biomass biomass

Taxonomic Con- 15 ml! Con- 15 ml! Con- 15 ml!

group trol liter trol liter trol liter

Ephemeroptera
Baetidae

Ameletus 0.0452 0.3723 -- 0.0689 1.2417 --

Baetis 0.5176 0.0904 0.2303 0.0796 0.2260 0.3207

Leptopl2iebia -- -- -- -- -- 1.4139

Paraleptophiebia 0.3637 1.6527 0.2367 2.3392 1.6269 1.4763

Heptageniidae
Cinygmula 0.6284 -- -- -- -- --

Heptagenict 0,0323 -- -- 0.4885 0.3981 --

Plecoptera
Nemouridae 0.3163 0.7274 0.8393 1.1018 0.4842 1.5581

Perlodidae 0.0108 0.0904 -- 0.5853 0.1679 0.0560

Trichoptera -- -- -- -- --

Coleoptera -- -- -- -- -- --

Diptera
Chironomidae 2.5178 3.4303 4.3879 3.8564 4.9023 3.4109

Other Diptera -- 0.0301 1.2761 0.0280 0.0194 0.0366

Amphipoda
Gammaridae

Ganvnarus 0.4412 0.5660 1.2266 1.7517 1.7625 3.0709

Total 4.8733 6.9596 8.1969 10.2994 10.8290 11.3434

* Based on 0.05 square meter samples.

(continued on next page)
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Appendix 3. (Continued).

Sample 3 - May l9
High Intermediate Low

biomass biomass bioniass

Taxonotnic Con- 15 ml, Con- 15 ml! Con- 15 ml!

group trol liter trol liter trol liter

Ephemeroptera
Baetidae
Ameletus 0.7231 -- 0.0108 0.0387 -- --

Baetis -- 0.0882 0.1700 0.0452 0.2389 0.3465

Paraleptophiebia 1.8486 0.0968 0.4864 0.9684 0.7252 0.4885

Siphionurus -- 0.2948 0.0947 -- -- --

Heptangeiidae
Cinygmula 0.1614 -- 0.0151 -- -- --

Heptagenia 0.3766 -- 0.0065 0.0065 1.2718 --

Plecoptera
Nemouridae 0.5724 0.4304 1.7926 1.6743 2.6685 0.7640

Perlodidae 0.0086 0.6929 0.1076 1.1944 0.0344 0.5315

Trichoptera
Rhyacophilidae -- -- -- -- 0.0129 --

Coleoptera
Elmidae -- 0.0452 -- --

Diptera
Chironomidae 4.7688 3.0688 2.8579 3.4260 2.0745 4.8786

Other Diptera 0.0387 0.0925 0.2023 0.1485 0.0689 0.0581

inphipoda
Ganimaridae

Gammarus 0.6886 2.4683 2.7589 3.2538 0.0215 6.5485

Total 9.1868 7.2779 8.5028 10.7558 7.1166 13.6157

*
Based on 0.05 square meter samples.

(continued on next page)
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Appendix 3. (Continued).

Sample 4 - June 2'

High Intermediate Low

biomass biomass biomass

Taxonomic Con- 15 mu Con- 15 ml! Con- 15 ml!

group trol liter trol liter trol liter

Ephemerop ter a

Baetidae
Ameletus -- -- 0.1087 -- 0.3874 --

Bczetis 0.8888 -- 0.3174 0.3572 1.3719 0.1087

Paraleptophiebia 0.9942 0.8156 0.2582 0.2313 2.1004 0.9211

Siphionurus -- 0,2378 -- -- -- --

Heptageniidae
Cinygmula 0.0129 -- 0.0721 -- 0.0807 --

Fleptagenia 2.9493 -- 0.2120 0.6757 0.7177 0.0043

Plecoptera
Nemouridae 1.6344 -- 2.3425 3.8596 1.0018 3.8994

Perlidae -- -- 3.5002 -- -- --

Perlodidae 0.0054 0.4982 1.0330 0.4261 0.0646 0.6284

Psychomyiidae -- 1.5720 -- -- 0.0032

Trichoptera
Limnophilidae 0.0054 -- 0.0721 3.5088 -- 0.0183

Rhyacophilidae 0.2174 -- -- -* 0.1151 --

Coleoptera
Elmidae -- 0.0108 -- -- -- 0.0344

Diptera
Chironomidae 1.1287 3.0978 2.3564 3.0515 2.7298 2.7976

Other Diptera -- 0.0377 -- 0.1367 0.0334 0.1894

mphipoda
Ganimaridae

Ganinarua 0.7575 3.4507 0.0807 3.6293 0.9738 7.6934

Total 8.5940 9.7206 10.3533 15.8762 9.3966 16.2982

*
Based on 0.11 square meter samples.




