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The effects of sublethal concentrations of primary kraft mill

effluent and biologically stabilized kraft mill effluent on the biomass,

growth rate, and production of cutthroat trout, Salmo clarki; coho

salmon, Onchorhynchus nerka; chinook salmon, Onchorhynchus

tschawytscha; brown trout, Salmo trutta stocked in three experi-

mental channels were studied from 1970 through 1973. These

experiments were a part of an investigation of the direct and indirect

effects of kraft mill effluents on fish growth and production.

Three stream channels, 100 meters long and 2 meters wide

with 11 riffles and 11 pools, received 12.7 liters per second each

of dilution water pumped from the Willamette River during the

entire experimental period. Primary KME from the settling lagoon
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of an Oregon pulp mill entered one of the streams at a rate of 0. 75

mg per liter BOD during experimental periods I, and II from

January 2, 1970 to March 12, 1971. Biologically stabilized KME

from the aeration lagoon of the pulp mill entered stream 2 at 0. 75

mg per liter BOD during experimental periods III, IV, V, and VI

from March 16, 1971 to January 30, 1973.

During all experimental periods, salmonids were stocked in

each stream channel at a given biomass, then removed at monthly

intervals, weighed, and returned to the stream channels. The mean

biornass, growth rate, and production was calculated for each

monthly interval. The stomach contents of some of the fish were

removed, separated into taxonomic groups, and weighed.

There was no effect on the production of salmonids when

primary KME entered stream 2 at 0. 75 mg per liter BOD. For

very brief periods, however, the effluent became very toxic to the

fish and on two occasions fish kills occurred. After restocking, the

production of salmonids in the stream receiving effluent was nearly

equal to that of the control stream channels. The production of

salmonids in the stream channel receiving biologically stabilized

KME was not noticeably affected. Results of the stomach content

analysis, along with insect benthic biomass data provided by

Richard F. Craven (MS) at times indicated there was a relationship



between the growth rate of salmonids in each stream and the benthic

biomass of the principal food organisms in the stream.

Comparison between the production rates of salmonids on

these stream channels to the production rates of salmonids in

similar experiments revealed that the productivity of the three

stream channels was generally high.
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EFFECTS OF PRIMARY TREATED AND BIOLOGICALLY
STABILIZED KRAFT MILL EFFLUENTS ON THE
PRODUCTION, BIOMASS AND GROWTH RATES

OF JUVENILE SALMONIDS
IN THREE STREAM CHANNELS

INTRODUCTION

The acute toxicity of kraft mill effluent (KME) and its com-

ponents to fish has been demonstrated by many studies (Von Horn,

1949; Haydu, 1952; Alderdice and Brett, 1957; Howard and Walden,

1965; Servizi et. al., 1966; Betts and Wilson, 1967; and Leach and

Thakore, 1973). Even when the concentrations of KME entering

receiving water is not sufficient to be acutely toxic to fish nor

seriously oxygen depleting, sublethal effects may still occur. If

fish populations in such receiving waters are to be protected,

knowledge of the sublethal effects of KME is necessary.

Although the literature on the sublethal effects of KME is

not extensive, several studies have described various direct effects

of KME on fish. These include: changes in tissue and blood of

fish held in KME and neutralized KME (Fujiya, 1961, 1964; McLeay,

1973); changes in respiration and circulation of salmonids held in

KME and bleach process KME (Walden et. al., 1970; Davis, 1973);

and the effects of KME, bleach process KME, and stabilized KME

growth and food conversion efficiency of various
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salmonids fed in aquaria (Servizi, et. al., 1966; Tokar, 1968;

Webb and Brett, 1972; Borton, 1970).

In nature, KME can also affect fish populations by altering

the food available to the fish through their food chain. These

indirect effects of KME and SKME were studied by Ellis (1968),

Seim (1970) and Lichatowich (1970), They measured the biomass,

growth rate, and production of salmonids in laboratory streams

where the only food available was that produced within the streams.

The food chain was quite simple when compared to those in nature.

This study was conducted under conditions designed to more

closely resemble natural conditions than those present in pevio,ls

experimental studies. The effects of primary KME and SKME on

the production, growth rate, and biomass of juvenile salmonids in

three stream channels as well as the relationships of these parame-

ters to the food sources and other environmental parameters are

described in this paper. Juvenile coho salmon (Oncorhynchus

kisutch) and chinook salmon (Oncorhynchus tschawytscha) as well

as juvenile and mature cutthroat trout (Salmo clarkii) and brown

trout (Salmo trutta) were present in the streams, together and

separately, at different times.
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EXPERIMENTAL FACILITIES, CONDITIONS, AND METHODS

Experimental Stream Channel Facilities

Construction of three experimental stream channels was

completed on October 1, 1969 on a site near the Western Kraft

Corporation pulp and paper mill at Albany, Oregon. The facility

(Figures 1 and 2) was provided with a laboratory trailer, three

80-gallon fiberglass tanks for holding fish, and with a small storage

building. A fence 6 feet high enclosed the entire research area.

Each stream channel was approximately 100 meters long and 2

meters wide and had an overall gradient of 1. 5 percent. Surface

areas of streams 1, 2, and 3 were 230, 215 and 213 square meters,

respectively. Each stream had eleven riffles and eleven pools and

a substrate of gravel and rubble. The pools were approximately

3 meters long and 1 to 1. 2 meters deep, the banks being steeply

cut. The riffles were approximately 6 meters long, water over the

rubble being 1 to 4 centimeters deep.

A weir box was located at the head of each stream and a fish

trap of screen was located below a 'weir at the end of each stream

to capture emigrating fish. Insect traps of 471 p. Nytex net were

placed below the weir boxes at the heads of the streams in March

1971. Initi1ly, no insect traps were present, insects being allowed



Figure 1. Schematic diagram of the research facility and the three stream channels.



-
k

S

: J

I

Figure 2. Downstream view of the stream channels, Upstream weir box is in the foreground.
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to enter with the river water to colonize the streams. Emergency

devices, to operate in the event of water supply failure, were added

in May 1972. A flashing light and a sound alarm were activated by

a float switch in the event of water supply interruption. In addition,

an automatic emergency water supply from the pulp mill was added.

If the stream flow was interrupted, a float operated valve stopped

the flow of effluent to the treatment stream.

Dilution Water

Water pumped from the Willamette River above the Western

Kraft outfall supplied each stream at a rate of about 12. 7 liters per

second through an upstream weir box. Valves on the manifold

delivery system could be used to regulate the flow of water to the

weir box. Water temperature was continuously monitored by

recorders at stream 2 inflow and outflow points (Figure 3). Outflow

temperatures indicated a maximum increase of about 3 C occurred

over the length of the stream. A minimum temperature of 3 C

occurred in December 1971, and a maximum of 24 C occurred in

June 1972.

Table 1 provides information on some characteristics of the

river water. Both nitrate and total phosphorus concentration data

were compiled from dilution water samples taken from the upstream

weir box by Mr. Joe Mahoney of the Oregon State University
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Table 1. Physicochemical characteristics of experimental stream dilution water. Samples were taken at approximately the middle of each month.

Alkalinity Total solids Volatile solids
inflow pH inflow inflow Rainfall Nitrate Phosphate

Date (mg/i CaCO3) inflow (mg/I) (mg/i) (inches/month) (mg/i) (mg/i)

1970
April 25.0 7.5 59.2 16.5 2.66 0.80 0.06
May ---- 8.i 65.3 14.3 1.12 0.i5 0.05
June 65.3 13.4 0.53
July 28.0 7.5 69.3 13.6 0.12 0.06 0.04
August 27.5 7.7 60.3 9.9 0.i3 0.03
September 26.2 7.4 45.8 8.1 1.06 0.18 0.04
October 28.2 7.2 63.4 9.9 4.03 0.31 0.04
November 24.0 7.4 101.5 18.5 7.30 0.56 0.03
December 23.5 7.5 84.1 14.0 12.47 0.6i 0.04
i 971

January 17.0 7.6 70.1 10.5 iO.7i 0.74 0.04
February 18.0 7.2 78.1 il.9 5.35 0.55 0.06
March 19.0 7.3 72.2 10.1 6.16 0.20 0.04
April 22.0 7.6 70.1 9.2 4.38 0.35 0.05
May 21.0 7.6 70.8 9.3 2.33 0.36 0.05
June 21.8 7.5 51.1 8.1 2.48 0.31 0.04
July 21.6 8.1 48.8 8.3 0.02 0.25 0.04
August 22.3 7.6 50.1 7.9 0.48
September ---- 48.8 8.9 3.10
October ---- --- 65.5 9.9 2.80
November 23.5 7.4 80.8 13.6 9.21
December 84.8 10.31
1972
January ---- 96.8 15.6 10.10 ----
February ---- 78.4 14.2 5.13 ----
March ---- --- 78.0 14.2 6.46 ----
April 73.2 13.6 4.27 ----
May 68.5 12.0 2.36
June ---- 63.4 11.4 1.01 ----



Department of Botany. Rainfall data was collected at the nearby

Hys lop Laboratory operated by the Oregon Agricultural Experiment

Station. Rainfall has little effect on flow in the streams, there

being little runoff to the streams. Alkalinity and pH measurements

(Table 1) were made during 1970 and 1971, but were terminated

before 1972. Dissolved oxygen concentrations in the streams were

always near air-saturation values. Values for total solids and total

volatile solids (Table 1) were higher during late fall and winter,

and silt deposition occurred in the pools. In September 1971, settled

solids were pumped from the pools to maintain a suitable water

depth.

Kraft Mill Effluents

Western Kraft Corporation of Albany operates a non-bleaching

kraft mill producing about 500 tons of dry pulp per day frQm Douglas

fir wood chips. In June 1971, a neutral sulfite mill having a capacity

of 200 tons per day was added to the plant. The neutral sulfite

mill increased total plant effluent about 10 percent.

In-plant waste treatment operations included recovery of

digestion chemicals and turpenes. Primary treatment occurred

in two sedimentation ponds having a total retention time of about

24 hrii r Aftr rrimary treatment, waste waters were pumped to

stabilization basin. Mill personnel periodically
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added diammonium phosphate to increase treatment efficiency.

Williams (1969) has suggested nutrients added during waste treat-

ment may be a major source of biological changes in receiving

waters, Additions in the present case may have been too small and

too irregular, however, to have appreciably changed nutrient con-

centrations in the dilution water used in the experiments. During

summer, part of the effluent was piped from the primary pond

directly to seepage basins. This practice increased retention time

in the stabilization basin during the summer.

A 200 ml sample of mill effluent was collected daily to form

a weekly composite for later chemical analysis. Samples were

refrigerated during storage. Primary treated effluent used in

stream channel experiments in 1970 and 1971 was characterized by

COD (chemical oxygen demand) total solids, total volatile solids,

suspended solids, suspended volatile solids, and BOJJ (biochemical

oxygen demand) (Appendix I, Table 1). BOD determinations were

made by personnel of the National Council for Air and Stream

Improvement. The BOD values for biologically stabilized effluent

were made by Western Kraft Corporation personnel. Biological

stabilization reduced BOD over 80 percent in some cases, but

occasionally would reduce BOD only 60 percent or less. Effluents

with BOD's of 90-100 mg/l or more (Appendix I, Table 1) after

stabilization basin, will be referred to here as
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being biologically stabilized, even though less than 60 percent BOiD

reduction may have occurred.

Both primary and secondary effluent, pumped into a headbox,

flowed into the stream weir box and was mixed with dilution water.

The flow rate was regulated either by a constant head siphon or a

stock tank float valve in the weir box. Stream concentrations were

maintained at approximately 0. 75 mg/i BOD. Because of the

fluctuating BOD (Appendix I, Tables 2 and 3) of the effluent, the

effluent flow volume was changed each week according to the changes

of BOD. The following formula was used to determine the effluent

flow volume:

Flow of effluent i/sec = 12.74 1/sec x 0.75 mg/i BOD
effluent B OD

12. 74 i/sec - flow of dilution water

0.75 mg/i BOD - desired BOD in
stream 2

The flow of effluent into stream 2 was measured daily and changed

if necessary. Five days are necessary to determine the effluent

BOD. Thus a time lag existed between changes in effluent BOD

and changes in rates of introduction into stream 2. This made it

necessary to back calculate the actual BOD added to stream 2.

Primary effluent entered stream 2 from January 2, 1970 to March

12, 1971, nd only kraft effluents were tested. Stabilized effluent
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waà introduced to stream 2 beginning on March 16, 1971. At this

time, a neutral sulfite mill had been added and secondary effluent

studies tested a combination of effluents from these two processes.

The acute toxicity to juvenile chinook salmon of effluents

added to the experimental stream channels was determined twice

each month for primary effluents, in most cases, and at least

monthly for biologically stabilized effluent (Table 2). Acute toxicity

was determined as the 96hour median tolerance limit, i. e. the

concentration killing 50 percent of the test animals in 96 hours of

exposure (Doudoroff et, al., 1951). The 96-hour Tlrnts of the

primary effluent generally ranged between 1 and 20 percent by

volume and those of the stabilized KME between 50 and 90 percent

by volume. Some stabilized KME samples exhibited no acute

toxicity.

Experimental Fish

Cutthroat trou.t (Salmo clarkii) and coho salmon (Oncorhynchus

kisutch), salmonid species that are both economically important and

common in Oregon, were first chosen to be stocked in the three

experimental channels. Cutthroat trout, collected from Woods

Creek near Philomath, Oregon, were stocked in the channels in

February 1970. Coho salmon reared from eggs, taken at the Oregon
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Table 2. Acute toxicity of primary treated and biologically stabilized kraft mill effluent to juvenile
chinook or coho salmon expressed as 96-hr median tolerance limits in percent by volume.

Primary treated effluent Biologically stabilized effluent
Date collected 96-hour TL Date collected 96-hour TL

m m

1970 1971

January 2 7.5 March12 70.0
February 26 1.3 April3 75.0
March23 7.5 April17 70.0
June 12 8.4 May15 65.0
June29 10.0 June 1 50.0
July 14 18.0 June 15 75.0
August 3 15.0 July 1 70.0
August 19 20.1 July 16 90.0
September 8 13.7 July29 90.0
September 28 6.4 August 11 (20% mortality at 100%

concentration)
October 13 4.2 August25 90.0
October25 6.4 September 1 80.0
November 12 7.5 September 15 no mortality
November 22 7.5 October 13 90.0
December 18 10.0 November 17 75.0

December 15 70.0

1971 1972

January12 8.4 January19 50.0
February 2 1.8 February 2 70.0
February 13 3.0 February 16 50.0
Februarg 15 6.6 March23 75.0
February 17 7.4 April 19 70.0
February 19 8.0 May 17 75.0
February 25 2.2 June15 90.0
March 6 2 .2 July 1 no mortality
March23 7.5 August 2 90.0

September 2 no mortality
October 4 no mortality
November 5 no mortality
December 3 90.0

1973

January 5 75.0
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Game Commission Alsea Hatchery on the North Fork of the Alsea

River, were added in April 1970 (Table 3).

During May 1970, both species began to die rapidly in the

three stream channels. Examination of the fish showed a heavy

infection of a sporazoan disease organism Ceratoy shasta

This disease organism was known to occur in the Willamette River

system only near its confluence with the Columbia river before the

stream channel facility was constructed, Following this, the Oregon

State University Department of Microbiology determined the range

of the organism in the Willamette system to be much more extensive

than previously believed (Johnson, 1973). The disease made any

use of cutthroat trout or coho salmon impossible during summer

and fall months, and other species had to be used during this period

of the year. Preliminary investigations by Schafer (1968) had shown

brown trout (Salmo trutta) to be resistant to Ceratomyxa. Dr. John

Fryer of Oregon State University Department of Microbiology found

that fall chinook salmon (Oncorh1nchus tschawytscha) were also

resistant. These two species are also found in many Oregon streams

and are important to anglers and commercial fisherman. Because

of these attributes, fall chinook salmon and brown trout were

stocked during the summer and fall period. The fall chinook were

from the Oregon Fish Commission Bonneville Salmon Hatchery on

the Columbia River at Bonneville, Oregon. The brown trout were



tocking date, species, number, size, and stocking density of fish used iu the stream channels.

Stream 1 Stream 2 Stream 3
Total Ave. Density Number Density TotalNumber Weight 3i DensitySpecies Number Weight Weight
(g) (g) (g/ni2) (g) (g) (g/m2) (g) (g) (g/m2)

.2, 1970 Cutthroat trout
Small 24 251. 31 10.55 1. 09 26 277.50 10. 70 1.21 25 277. 73 11. 10 1. 30
Large 15 397.43 26.50 1. 73 12 370.60 30.90 1.61 12 331. 77 27. 65 1.56

February 25
Fish kill

February 28 Cutthroat trout 16 236.94 14. 81 1. 10
(Replacements for effluent kill)

March 14 Cutthroat trout 2 6.38 3. 19 0.01 15 247.69 16.51 1. 15 15 180. 19 12.01 0. 85

April 18 Coho salmon 745 875.20 1. 18 3. 80 743 873. 10 1. 18 4. 06 747 878. 10 1. 18 4. 12

April 28 Cutthroat trout 28 598.36 21.40 2.60 28 637. 11 22.75 2.77 29 604.49 20.84

June 22 Chinook salmon 54 440.55 8. 15 1.91 54 383. 80 7.09 1. 80 54 432. 13 8. 00 2. 02

July23 Browntroot 154 506.68 3.29 2.29 161 507.41 3.45 2.36 143 506.74 3.54 2.38

January 30, 1971 Chinook salmon 854 977.39 1. 14 4.25 820 928.57 1. 13 4.31 809 917.31 1. 13 4. 31
Fish kill within 2 days__fish taken out

March 22 Chinook salmon 462 874.38 1.86 3.80 434 821.88 1.89 3.82 436 809.38 1. 86 3, 80

August2 Browntrout 225 317.31 1.41 1.38 226 307.82 1.36 1.43 211 304.45 1.44 1.43

February 7, 1972 Coho salmon 1449 539.50 0. 36 2.35 1329 4?8. 59 0.36 2.23 1312 472.79 0. 36 2.22

June 4 Brown trout 580 1380. 19 2. 37 6. 00 532 1296. 76 2.43 6.03 544 1280,44 2. 35 6. 01

(31
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reared at the Oregon Game Commission Wizard Falls Hatchery

from eggs taken at Browns Creek, Deschutes County. Fall chinook

were not used after it was determined their tendency for migration

made them unsuitable for our experiments. Thus coho salmon were

subsequently used during spring months and brown trout during

summer, fall and winter months.

Stocking and Sampling

Initially, each species of salmoriid was stocked at a density

of about 2 g/m2 in all streams (Table 3), which is approximately

equal to the density of trout alone in some local streams. The

stocking density was increased during later periods, because the

experimental streams were found to have a high productivity for

salmonids. The cutthroat trout stocked February 12, 1970, were

of different si;es to simulate different age classes found in Oregon

streams. Thereafter, all fish stocked were of nearly uniform size,

individuals not varying more than 3 grams in weight. Stream 1

was slightly wider than the other two streams and therefore was

stocked with slightly more fish to attain the same density of fish.

The salmonid biomass of stream channels losing fish because of

dation, disease or trap failure was increased to the biomass of

other streams by replacement of the lost fish, if suitable

lacement fish were available, Replacement fish must be of about
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the same average size as those in the streams to prevent differences

in production between streams because of differences in the size

composition of their fish populations. Any fish found in the traps

below the streams within the first two weeks after stocking or

sampling were returned to the streams. Thereafter, fish found in

the traps were assumed to be migrating and were not returned to

the streams.

Fish were removed from the streams at approximately monthly

or semi-monthly intervals. On some occasions, the sampling date

was changed to correspond with other research at the site. Seining

was the primary method of fish removal. Electrofishing was tried

but was found to be unsuitable during winter months, because

stunned fish were not visible in turbid water. The flow of each

stream was reduced at each sampling time in order to force fish

from the riffles into the pools where they could be seined. Nearly

all fish could be removed by this method.

After removal from the streams, the fish were counted,

anesthetized with tricane methyl sulfonate (MS 222), and then excess

water was blotted from the fish with a soft cloth. The fish were then

weighed in a tared container of water on an overhead balance

accurate to 0. 1 gram. After their recovery from the anesthetic,

they were returned to the stream from which they were collected.



Twenty of the anesthetized fish from each stream were

randomly selected and their stomach contents extracted with

alligator ear forceps (Wales, 1962). With this method, fish need

not be sacrificed to obtain stomach content samples and can be

returned to the streams. The stomach contents were placed in a

4 percent formalin solution and later separated into taxonomic

groups, blotted dry, and then weighed on a Mettler analytical blançe

accurate to 0. 1 milligram. The weight of each taxonomic group

from each stream was divided by the total weight of the identifiable

stomach contents to determine the percentage of the total weight

for each taxonomic group.

Production, Biomass, and Growth Rate Calculations

Cutthroat trout stocked in the first experimental period were

marked by cold branding (Everest and Edmundson, 1967). The

growth of individual fish could be estimated by subtracting weight at

the beginning of a sampling period from weight at the end of the

period. Fish not recovered at the end of a period were considered

to have been present for one-half of the sampling period and were

assigned a growth rate based upon the growth rate of the recovered

fish. Trout production in grams was then computed by summingthe

actual or estimated weight gain values for the individual fish. Groups

of fish stocked for later experimental periods were of nearly
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uniform size and their production was calculated by graphing the

numbers of fish found in each stream against the mean weight of

the individual fish. The area under the curve generated by this

graph provides an estimate of fish production for a given age class

(Allen, 1951). Figure 4 shows one such curve for brown trout

during the time period of June 9, 1972 to January 15, 1973. This

curve is representative of the curves generated during the periods

brown trout were present in streams. In general, the curves

generated while salmon were present were less jshaped. The

salmon usually had lower mortality rates than brown trout in the

first month after stocking, this reducing the steepness of the first

part of the curve.

Mean biomass was calculated according to the following formula:

Mean Biomass =
w

median of the mean weights of fish during a sampling

( +n n+lperiod
2

= mean weight of fish at sampling date n

mean weight of fish at sampling date n+l

N= number of fish in the stream at taken from the
w

Allen curve (Figure 4)
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Relative growth rate was calculated using the following formula:

Growth Rate mg/g/day BD
P = total salmonid production during sampling period n

B = the mean biomass during sampling period n

D = number of days in sampling period n

In order to graph the production results, it was necessary to

equalize all the sampling periods. The production of each stream

during each sampling period was multiplied by 30 days and this

was divided by the number of days in the sampling period. This

gave the production in g/m2/30 days and such values were used for

the production graphs.

Theoretical Considerations

In analyzing the results of this study, I have made use of

the rationale first presented by Brockson, Davis and Warren (1968,

1970) and later further developed by Warren (1971). igure 5

shows theoretical relationships between fish production, growth

rate, and biomass. The solid lines represent a system of a given

capacity to produce fish, the productivity of the system for fish.

In a food limited system having constant productivity, as the biomass

of fish increases the food available to a given weight of fish must

decrease, and therefore, the growth rate must also decline during
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this time. The production is the product of the growth rate

(mg/g/day), mean bioniass (g/m2), and time (days). Thus, initially,

as the biomass increases from some low level, the production also

increases. As the biomass continues to increase and the growth

rate continues to decline, the production curve, after reaching a

maximum, will begin to decline.

Wre the productivity or capacity to produce fish to be greater

in one experimental stream than another, two sets of production-

biomass and growth rate-biomass relationships would be generated

(Figure 5). The stream having the higher productivity will generate

a production-biomass curve enclosing a greater area (solid line)

than the stream having the lower productivity (dotted line). The

more productive stream will also have a growth-rate -biomass

curve which is above and to the right of the growth-rate-biomass

curve of the less productive stream.

The addition of a substance such as kraft mill effluent may

affect the productivity of a system in two different ways. It may

have a direct toxic affect on the physiology of the fish in the

system, thus causing a reduction in the growth rate at any given

level of food availability and so lowering the productivity of the

system for fish. KME may also affect stream productivity for the

fish by altering the amount of food organisms present or available.

The effluent may enrich the streams, thus increasing the food
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organisms present and available and so increasing the stream

productivity. Or the amount of food may be decreased through

toxic action, so decreasing productivity.

The relationships described above are for systems having

constant productivity through time. In nature, however, the

productivity of a system changes, withinlimits, over time. The

productivity may be altered by changes in the temperature, nutrient

levels, sunlight, insect life cycles, diseases, etc. These changes

may partially obscure such theoretical relationships, but these

relationships can be helpful in analyzing production studies such

as this one.



25

RESULTS AND INTERPRETATION

Effects of Primary Treated Kraft Mill Effluent on Salmonid
Production, Growth Rate, Biomass and Trophic Relationships

Willamette River water first entered the channels on October 1,

1969 and colonization of the three channels by bethnic organisms

proceeded. After initial samples demonstrated the benthic com-

munities in the three streams were similar, primary KME was

introduced into stream 2 at 0. 75 mg/i BOD on January 2, 1970.

Thereafter primary KME continuously entered stream 2 until March

12, 1971. Within this time period there were two experimental

periods, when different salmonid species were present, Experimental

period I was from February 14, 1970 through May 19, 1970, when

cutthroat trout and coho salmon were in the streams. Experimental

period II was from June 22, 1970 to January 29, 1971, when chinook

salmonand brown trout were present.

During experimental period I, cutthroat trout were stocked in

all streams on February 14, 1970, and coho salmon were added

April 18, 1970. All of these fish were removed by June 1, 1970,

because of the prevalence of the disease Ceratomyxa shasta in late

May. The production in the three stream channels was similar

during period I (Figure 6A, I). The total salmonid production in

control streams (1 and 3) was 6.2 and 7.2 g/m2 during this period.
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Salmonid production in stream 2, which received 0. 75 mg/i primary

KME was 6. 6 g/m2, intermediate to the values for the control

streams.

The relationship between the production and mean biomass of

the salmonids during experimental period I is shown in Figure 7A.

Separate curves, fitted according to the theoretical production-

biornass relationship discussed earlier, have been drawn to indicatç

the productivity of the streams during this period was greater for

coho salmon than for cutthroat trout.

The growth rates of the coho salmon and cutthroat trout for

period I also indicate the productivity for coho salmon was higher

than that for cutthroat trout. The salmon growth rate was much

greater than the trout growth rate when both species were in the

streams together during May (Figure 7B, points 5). The salmon

growth rate in May was higher than the growth rate of trout in March

and April when only trout were in the streams, even though the mean

salmon biomass in May was twice that of the trout in March and

April (Figure 7B). As explained earlier, any increase in the fish

biomass in a system having a given productivity should result in a

decrease in the growth rate of the fish. The higher growth rates

of the coho salmon at higher biomasses indicate a higher productivity

for coho salmon than for cutthroat trout. Thus two production-biomass
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and growth rate-biomass curves have been drawn to indicate this

difference in productivity (Figure 7A and B).

The primary food organisms of both cutthroat trout and coho

salmon during period I were chironomids (midge larvae), which

accounted for well over 40 percent of the organisms found in the

stomachs of fish from each stream (Table 3). Figure 8 shows the

relationship between salmonid growth rates and the benthic biomass

of chironomids during this experimental period. This graph

indicates that when coho salmon and cutthroat were in the streams

together, the coho had higher growth rates while cutthroat growth

rates were near zero at the same chironomid densities. Further-

more, the coho salmon had higher growth rates than the cutthroat

trout had when the trout were in the streams alone, even though the

chironomid biomass was lower when coho were present. These

differences in growth rate of particular chironomid densities further

support the hypothesis that the streams had a greater capacity to

produce coho salmon than cutthroat trout. The cutthroat trout were

larger and older than the coho salmon used during period I. This

may have contributed to the lower growth rate of the cutthroat trout,

but other factors were probably also involved.

On February 15, 1970, a fish kill occurred in stream 2, which

was receiving 0. 75 mg/i BOD primary effluent. This was a short
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Table 4. Identifiable organisms found in stomach samples of coho salmon and cutthroat trout from
the three stream channels in percent of total stomach content by weight during March to
June 1970. Stream 2 received 0.75 mg/i BOD of primary treated KME.

Taxonomic group Stream 1 Stream 2 Stream 3
(Control) BOD (Control)

.5 mg/i
primary effluent

Ephemeroptera 2.5 2 .9 7.7

Trichoptera 2,9 .1 12 .4
Hydropsychidae 2,9 .1 12.4

Plecoptera .1

Coleoptera 1.9 3.0 2.5

Diptera 54.7 94.0 77.4
Tipulidae 1,1
Sjmuliidae 7,9 8.3 3.0
Chimunornidae 42.9 84.6 73.4
Ernpididae 2.8 1.1 1.0

Anneflida 37.8

Total 99,9 100.0 100.0
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term effect lasting only one day, yet over 50 percent of the fish

stocked were found dead in the trap below the stream The fish

killed were immediately replaced with trout of equal size, and there

was no apparent long term effect of the kill within the stream.,

Bioassays the day of the fish kill did show an unusually toxic effluent

having a 96 hr TL of 1. 3 percent by volume of primary KME, The

concentration in the stream was only 0, 33 percent by volume this

suggesting that the kill was the result of a very brief discharge of an

even more toxic effluent into the stream,

During experimental period II, fall chinook salmon were

stocked in the streams on June 22, 1970, and brown trout were

added on July 23, 1970. The chinook migrated from the streams over

the next 3 months and all had left the streams by September 1, 1970.

The brown trout remained until January 30, 1971, when they were

removed. The total production of salmonids during period II, from

June 22, 1970 to January 30, 1971, was 6, 0, 9. 0 and 9.4 g/m2 for

streams 1, 2 and 3 respectively. The production in stream 2, which

received 0. 75 mg/l BOD primary KME, was again intermediate to

the values for the two control streams (Figure 6A, II), but stream

1, a control stream, had much less production than either streams

2 or 3.

The relationship between salmonid production and biomass was

different for each of three time periods in 1970 (Figure 9A), The
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curves enclosing the greater area represent greater productivity of

the streams for salmonids. Theseproductivity changes may have

been influenced by the presence of different fish species, but large

changes in mean water temperature and food density in the streams

were probably the major factors involved.

The higher level of productivity (Figure 9A) and growth (Figure

9B) in July (dashed line), particularly in streams 2 and 3, was

probably the result of the entry of minnows into the streams with the

dilution water, this providing additional food for the salmon. Stomach

contents of the salmonids in July indicated minnows composed over

40 percent of the food organisms for the fish in all streams. The

minnows were removed with the salmon on the regular July sampling

date and weighed, but the minnows were not returned to the streams.

The minnow biomass was 0. 6, 3. 5 and 8. 2 g/m2 for streams 1, 2,

and 3, respectively. The low minnow biomass in stream 1 is

probably the major factor in the low production and growth rate of

salmon in that stream when compared to the other two streams in

July (Figure 9A and B, point 7). The minnow biomass in stream 3

was twice that in stream 2, yet the salmon growth rates in streams

2 and 3 were nearly identical. The fish in streams 2 and 3 may have

had near maximum growth rates for existing water temperatures.

Ave rett (1968) found the growth rate of coho salmon of about the

same size as the chinook salmon in the streams and held at nearly
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the same temperature (ZOC) were lower than the growth rates of

the chinooks, even though the coho were fed a repletion ration of

fly larvae.

After the minnows were removed in July, the productivity of

the three streams for salmonids appears to have decreased slightly,

but it remained nearly constant over the following three month period,

i.e. August to October (Figure 9A solid line). The descending

growth rate-biomass relationship during this three-month period

also shows the relatively stable productivity (Figure 9B, solid line).

Production-bjomass values for fish in stream 1 appear to be well

fitted by the same relationship as those for streams 2 and 3. But

biomass did not continue to accumulate in stream 1, because of

higher natural mortality in that stream, and thus production-biomass

values for stream 1 as high as for streams 2 and 3 were not attained.

No brown trout of suitable size were available for stocking at that

time, so the biomass in stream 1 could not be increased to levels

present in streams 2 and 3.

The circled points on the production-biomass and growth rate-

biomass curves represent the production and growth rate of sairnonids

in stream 3 during September (Figure 9A and B). Both are very

high as compared to the other values during this time period. High

production and growth rate in stream 3 during September was

probably due to the very high benthic biomass of dipterans in that
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stream during September. The dipterans were a major food source

of the fish in all the streams from August through October (Table 5).

Figure 10 shows the relationships between salmonid growth rate

and the benthic biomass of dipterans (Appendix II). The high growth

rate value for salmonids in stream 3 during September is not much

higher than an extrapolation of the curve fitted to values for other

streams and for all streams at other times.

In November, fish production and growth rates decreased

markedly and then remained low during the winter months, as

illustrated by the production-biomass relationships for this period

(Figure 9A, dotted line). There were probably three levels of

productivity during this period, because of temperature changes,

the dotted line representing only an approximate average of the three.

The benthic insect biomass remained high during the winter months

(Appendix III), so the decrease in productivity probably was not

caused by a decrease in food availability. Averett (1968) showed the

growth rate of coho salmon fed maximum rations in laboratory

experiments decreased substantially when the temperature dropped

below 5-8 C. He noted that this was not due to a decrease in the

efficiency of utilization of food organisms, but rather was caused by

decreased food consumption rates. Iverson (1972) also observed a

decrease in the growth of coho salmon in laboratory streams during

winter months, even though the biomass of insects found in drift
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Table 5. Identifiable organisms found in stomach samples of brown trout and chinook salmon in
percent of total stomach content by weight. Stream 2 received 0.75 mg/i 130D of
primary treated KME.

August through November 1970
October 1970 through January 1971

Stream 1 Stream 2 Stream 3 Stream 1 Stream 2 Stream 3

Aguatics

Collembola negl 0 0 0 0 negi
Plecoptera 0 0 0 0.4 0 0
Ephemeroptera 6.5 1.8 1.9 1.9 2.4 2.0
Coleoptera 1.5 1.9 .9

Dytiscidae 0.4 0 0.5 0 0 0
Hydrophilidae 1.1 1.9 0.4 0.5 0 0
Haliplidae 0 0 0 0 0 1.8

Trichoptera 1.9 1.9 3.4 20.6 31.5 35.9
Limnephilidae 0 0 0 1.9 6.7 7.5
Hydropsychidae 1.9 1.9 3.3 18.7 24.0 27.5
Hydroptilidae negi 0 0.1 0 0.8 0.9

Lepidoptera 0 0 0 0 0.3 0.9
Diptera 43.7 34.5 35.0 26.8 9.2 13.0

Tipulidae 14.7 13.4 16.3 0 0 2.6
Simuliidae 169 6.9 9.7 20.2 2.1 7.0
Chironcrnide 8.9 7.2 6.6 0.4 2.5 1,4
Tabanjdae 0 0 0 0.6 1.1 0.6
Empididae 3.2 2.9 2.0 5.6 3.5 1,4
Ephydridae 0 0 0.4 0 0 0

Ptychopteridae 0 0 0 0 0 0.1
Annelida 13.6 4.1 0 9.6 8.9 0
Gastropoda 17.9 43.1 33.2 18.4 34.0 32.2

Physa 17,9 43.1 33.2 18.4 27.8 32.2
Limacidae 0 0 0 0 6.2 0

Crustacea
Amphipodae 7.3 0.8 5.2 20.2 12.6 13.7
Ostracodae 0.5 negi 0 1.2 1.1 0.2
Isopodae 0 0 5.2 0 0 0

Pisces
Cyprinidae 5.8 3.0 0 0 0 0

Terrestrials

Hymenoptera 0 0.3 0.2 0 0 0
Hemiptera 0.9 0.6 3,0 0 0 0
Orthoptera 0 9.5 11.8 0 0 0
Arachnida 0 3 0 negi 0.5 0 0.1
Cole optera 2- 9-

Total 99.9 100 99.8 100.1 100 99.9
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samples was high. Iverson believed the high silt load carried by the

water during winter months might affect the ability of fish to feed.

Therefore, the relatively low productionbiomass relationship for

winter months may have resulted from reduced food consumption due

to the low temperatures and heavy silt load, even thoughfood was

plentiful. It is also possible that the benthic food organisms became

less available during winter months.

After the brown trout were removed, chinook salmon were

stocked on January 30, 1971. Within two days there was approximately

50 percent mortality of the fis1 in stream 2. The 96 hr TL at this

time dropped to near 1 percent by volume of primary KME (Table ).

The effluent was periodically very toxic until March 12, when studies

with primary KME ended. The rise in the effluent toxicity was

apparently caused by construction within the Western Kraft miU.

The data for the entire period primary KME was added to

stream 2 indicates there was no appreciable effect of 0. 75 mg/i

primary KME on the production or growth rate of salmonids as

compared to control stream channels 1 and 3. Usually the productivity

for salmonids of the stream channel receiving KME was between

that of the two control streams, Of course, kills such as occurred

during spring 1970 and 1971 could limit production in a natural

system where restocking does not occur immediately. Stream 1 had

the lowest production, particularly in the period from July 1970 to
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January 1971, This was primarily due to lower minnow biomass

during July and higher brown trout mortality in later months than

streams 2 and 3.

Effects of Biologically Stabilized Kraft Mill Effluent on Salmonid
Production, Growth Rate, Biomass and Trophic Relationships

Secondary effluent was introduced into stream 2 at a concen-

tration of 0. 75 mg/i from March 16, 1971 until January 30, 1973.

There were four experimental periods during this time. Experi-

mental period III was from March 22, 1971, when chinook salmon

were in the streams. Experimental period IV extended from August

2, 1971 until January 24, 1972, when brown trout were present in

the streams. Coho salmon were in the streams from February 7,

1972 through May 25, 1972, during experimental period V. And

brown trout were present from June 9, 1972 until January 30, 1973,

during experimental period VI,

Chinook salmon were stocked on March 22 and on April 24

during period III. A large percentage of these fish migrated down-.

stream into the traps, thus the growth and production data for this

period are of limited value (Appendix UI, Table 3).

During experimental period IV, brown trout were stocked at a

biomass of 1.4 g/m2 on August 2, 1971 in all streams and removed

on January 24, 1972. The total brown trout production values for
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streams 1, 2 and 3 were nearly the same during period IV, being

3. 2. 3,6 and 3,5 g/m2 respectively (Figure hA, IV). Stream 2

received 0, 75 mg/I SKME during this time. Monthly trout production

values for the three streams were also nearly the same. Salmonid

biomass was also nearly equal in the three streams until the winter

months, when stream 3 biomass decreased slightly, even though

biomasses in streams 1 and 2 continued to increase (Figure liB, IV).

Some fish were probably lost at this time due to predation by king-

fishers, Later, two persistenL kingfishers were removed from the

stream site, and injuries resembling bill marks were present on a

few fish when they were removed to be weighed.

Salmonid growth rate generally declined with increasing

salmonid biomass during this time, all three streams having a

similar relationship (Figure l2B), Values for all three streams lie

along the same production-biomass curve during the period August

through October, 1971 (Figure 12A), indicating the productivity

for salmonid fish in all streams was about equal and relatively

stable during this period, During the previous year, August through

October was also a stable period of productivity. Like the previous

year, when primary waste was present in the streams, there was a

sharp reduction in salmonid production and growth rates between

October and November. This reduction was again probably due to
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the lower temperature, because the biomass of food organisms

remained high (Appendix II).

No relationship between the growth rate of the trout and the

benthic biomass of food organisms was found during the August to

October time period. Stomach samples indicated no single organism

was a dominant food source during this time (Table 6). The availa-

bility to the fish of each kind of food organism in the benthos was

probably different, and simply adding their biomasses appears not

to provide a suitable index of total availability. For instance, the

percentage of the snail Physa sp, found in the stomachs was generally

less than or equal to the percentage of Chironomidae in the stpmachs,

even though the benthic biomass of Physa was 5 to 20 times that of

Chironomidae during this time. Such circumstances would tend to

obscure relationships between trout growth rate and food biomass.

After the removal of the brown trout in January, coho salmon

were stocked in the streams on February 7, 1972 for experimental

period V. The coho salmon were removed from the streams for

measurements at 15 day intervals, because of their rapid growth

during this time. Their production is given in grams per meter

squared per 15 days instead of per 30 days as in the other experi-

ments. Coho production in stream 3, a control stream, was much

lower than the two other streams during this period (Figure hA, V).

During period V, the values for total production for streams 1, 2, and
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Table 6. Identifiable organisms found in stomachs of brown trout from the three stream channels
from August 1971 to January 1972 in per cent of total stomach content by wejght. Stream
2 received 0.75 mg/i BOD of biologically stabilized KME.

Taxonomic group Stream 1 Stream 2 Stream 3
(Control) (0.75 mg/i (Control)

BOD SKME)

Aguatics

Ephemeroptera 1.8 6,1 9.2

Coleoptera .8 .9
Hydrophilidae .9
Dytiscidae .8

Trichoptera 26.4 29.4 24.8
Limnephilidae .9
Lepidostomatidae 2.5
Hydroptilidae .1
Hydropsychidae 26.3 26.0 24.8

Diptera 14.4 26,7 21.9
Tipulidae .2 1.4
Sjmuiijdae 2.8 .9 7.7
Ciii romid2e 8.6 23.1 12.8
Empididae 2.8 2,7

Gastropoda 12.4 2.3 21.5
Physidae 6.9 2.3 15.9,
Limacidae 5.6

Anneljda 32.8 10.3 5.5

Crustacea 12.0 23.0 14.4
Amphipoda 10.7 19.5 12.3
Ostracoda 1.3 3.5 2.1

Terrestrials 1.4 19

Hemiptera .6

Diptera .2 .1 1.3

Arachnida Negi

Total 100.0 100 .1 100 .1
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3 were 13. 98, 16. 73, and 7. 68 g/m2, respectively. Stream 3 also

had lower biomasses of salmon during this time period than did

stream 1 or stream 2 (Figure 11B, V). Low production was a major

factor in the much smaller increase of biomass in stream 3. In

addition, the salmon in stream 3 suffered a higher mortality rate.

There was no evidence of mortality because of disease until the last

15 day period. The greater mortality in stream 3 may have been

caused by more predation by kingfishers on fish in this stream.

During this period the two kingfishers mentioned earlier were

removed. During period V, stream 1 and stream 2 maintained

nearly equal biomasses, although stream 2, the stream receiving

0.75 mg/i BOD SKME, had slightly higher production(Figure lIB, V).

I believe the three production biomass relationships best

describe the increasing productivity of the streams during the three

months of period V (Figure 13A). This change in productivity

resulted in higher salmon growth rates occurring even after biomass

increased by six times the initial stocking density (Figure 1313). With

out an increase in productivity, growth rates would have decreased as

fish biomass increased. Fish growth rates increased in all streams

until the last sampling period, and thus all streams had some increase

in productivity until that time. Production rates and biomasses of

coho salmon in stream 3 tended to be lower than those of fish in

the other two streams during April and May (sampling periods
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4-1, 4-2, 5-1 and 5-2, circled points). Growth rates of coho

salmon in stream 3 during the same months were approximately

equal to or less than those of the coho in streams 1 and 2. Because

at any level of productivity, growth tends to decline with increasing

biomass as intraspecific competition for food increases, growth

rates in stream 3 should have generally been higher than in 1 or 2.

This suggests the productivity of stream 3 was lower than that of

the other two streams.

Decline in biomass and production in stream 3 during sampling

period 5-2 was probably due at least in part to infection by Ceratomyxa

shasta, because a few dead fish appeared in the traps and had

disease spores present in the abdomen. According to Johnson (1973),

fish with this stage of the disease would usually discontinue feeding

10-20 days earlier. Fish in streams 1 and 2 began to die within the

next 15 days so their growth and production may also have been

affected in the seventh sampling period. Although the infection

apparently occurred earlier in stream 3 and probably affected the

growth of the fish in that stream at an earlier time, its lower

productivity may also have been related to the low biomass of the

main food organism, Hydropsyche, acaddis fly, in stream 3 during

the month of May (Appendix II, Figure 3).

Hydropsyche was the main food organism for coho in all three

streams during this period, but the percentage of Hydropsyche found



in the stomachs of salmon in stream 2 was less than that for either

control stream (Table 7), The growth rate of the coho salmon was

related to the benthic biomass of Hydropsyche during period V (Figure

14). Because insect biomasses were reported at monthly intervals,

the mean monthly growth rates of the coho salmon during March,

April, and May are plotted against the biomass of Hydropsyche in

the benthos for those months. Growth rates for the first 15 days in

February were not included, because food consumption at this time

appeared to be restricted by temperature rather than food availability.

There was a sharp temperature increase about the middle of March.

Hydropsyche were at high biomass levels during May, and this

probably accounted in large part for the high productivity of streams

1 and 2 at this time. Fish in stream 2 had a much higher growth rate

for a given Hydropsyche biomass than did stream 1 or 3 (Figure 14).

This could have been caused by greater availability of this organism

at given biomasses to the coho salmon in stream 2, or by the fish

in stream 2 consuming other organisms available to them to a

greater extent than did fish in control streams (Table 7). Fish in

stream 2 did feed more heavily on annelid worms than the fish in the

other two streams. No measurement of annelid biomass was

available, but apparently this and other food organisms contributed

to the higher growth rates of the salmon in stream 2, at given

Hydropsyche biomasses.
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Table 7. Identifiable organisms found in stomachs of coho salmon from the three stream channels
from February to May 1972 in percent of total stomach content by weight. Stream 2
received 0.75 mg/i BOD of biologically stabilized KME.

Taxonomic Group Stream 1 Stream 2 Stream 3
(Control) (0.75 mg/i (Control)

BOD SKME)

Collembola .1 Negi .3

Ephemeroptera 1.9 .3 .5

Trichoptera 59.2 42.3 73.3
Hydropsychidae 59.2 42.3 733

Lepidoptera 1.5 0.0 1.0

Diptera 3.8 5.0 3.9
Tipulidae .1 1.4 1.3
Chircmcmide 3.3 3.6 2.6
Empididae .4

Anneljda 26.1 46.2 8.6

Gastropoda 4.7 2.8 5.6
Physidae .9
Limacidee 3.8 2.8 5.6

Crustacea 2.6 3.3 6.9
Amphipoda 2.6 3.3 6.9

Total 99.9 99.9 100.1
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During experimental period VI, brown trout were stocked in

the streams on June 9, 1972 and were removed from the streams on

January 30, 1973. Total trout production during period VI in streams

1, 2 and 3 was 17. 82, 16. 72 g/m2 and 11.88 g/m2 respectively.

Stream 3, a control stream, again had the lowest production and

fish biomass during this period (Figure hA, 11B, VI). All streams

had an initial loss of fish because of an early infection of Aeromonas

liquefacians, a bacterial disease. Stream 3 had a heavier infection

and losses than did streams 1 and 2. Some of the fish were replaced

in August, but there were not enough fish available to fully restock

the stream. Nevertheless, biomass did not increase at as great a

rate in stream 3 as in streams 1 and 2. In streams 1 and 2 there

was a rapid and uniform increase in biomass, until November when

the rate of biomass increase was less (Figure 11B, VI).

The production-biomass relationship indicates all three streams

had nearly the same productivity from July to October (Figure 15A),

but the values for stream 3 lie below those of streams 1 and 2 because

of the lower biomasses occassioned by the loss of fish mentioned

earlier. The growth rates of the fish in stream 3 also fell along the

same descending growth rate-biomass relationship as those for the

other two streams (Figure l5B). Thus the productivity of all the

streams was about equal and did not change much from July through

October. Once again, as in the two previous years, the production
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decreased inNovember, separate production-biomass and growth

rate-biomass curves having been drawn to indicate this change in

productivity (Figure iSA).

There were no great changes in the feeding habits of the fish

from July through October, and mean values have been presented

in Table 8. Like the previous summer, there was no dominant

food organism and no relationship between a particular benthic

organism and the growth rate of the brown trout could be established.

Stream 2, which received 0. 75 mg/i SKME during experi-

mental periods III, IV, V and VI, had a slightly higher total

production than stream 1, a control stream. Stream 3, also a

control stream, had a lower total production than the other streams

but was mostly due to disease and predation causing lower biomass

in the stream. It seems evident that this cncentrationof effluent

had no deleterous effect on the production or growth of salmonids.
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Table 8. Identifiable organisms found in stomachs of brown trout from the three stream channels
from July 1972 to October 1972 in percent of total stomach content by weight. Stream
2 received 0.75 mg/i BOD of biologically stabilized KME.

Stream 1 Stream 2 Stream 3

Taxonomic Group (Control) (0,75 mg/i (Control)
Aquatics BOD SKME

Ephemeroptera 1.4 0.2 1.0

Coleoptera 0.9 2.4 1.5
Dystiscidae 0.2 0,0 0.2
Hydrophilidae 0.5 2.4 1 .3
Haliplidae 0.2 0.0 0.0

Trichoptera 22.2 21.6 12.6
Limnephilidae 0.3 0.0 0.0
Hydropsychidae 21.9 21.6 12.4
Hydroptilidae 0.0 0.0 0.2

Hemiptera 0.0 1.2 1.1
Corixidae 0.0 1 .0 1 .1
Notonectjdae 0.0 0.2 0.0

Diptera 14.8 30.5 50.0
Tipulidae 0.0 2.6 4.4
Simuliidae 0.9 0.5 5.2
Chironomidae 9,9 24.0 35.6
Empididae 3.6 3.4 4.8
Ephydridae 0.4 0.0 0.0

Annelid 12.5 0.0 0.0

Castropod 36.5 29.2 15.4
Physa 36.5 29.2 15.4

Crustacea 11.2 14.9 17.9
Amphipodae 4.7 8,6 11.6
Ostracodae 6.5 6.3 2.7
Daphnia 0,0 0.0 3.6

Terrestrials

Orthoptera 0.4 0.0 0.5

Total 99.9 100.0 100.0
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DISCUSSION OF RESULTS

Possible Effects of Primary Treated and Biologically
Stabilized KME in Natural Systems

During the time primary KME entered stream 2, fish kills

occurred in February 1970 and 1971. The dead fish werereplaced

and no further effect of the effluent on fish production was evident.

In natural receiving waters, fish lost because of such kills would

not usually be immediately replaced, and the biomass could be

greatly reduced. A lower fish biomass could lead to decreased pro-

duction of fish, as shown by the theoretical curve (Figure 5), unless

biomasses were higher than optimal. If replacement is through

reproduction rather than immigration, replacement may occur only

annually, with smaller fish and after aloss of time for production.

If the breeding population is greatly reduced, a long period of time

could elapse before such a fish population would reach its origthal

density. For this reason acutely toxic effluents such as the KME

during February of these two years, could be harmful to the pro-

duction of fish in naturally occurring populations. Ellis (1968) and

Lichatowich (1970) found primary KME to be more toxic in winter

and spring months than during summer months, but the 96 hr TLm

of the effluents they used did not drop below four percent by volume.

In February 1970 and 1971, the 96 hr TL 's were as low as 1. 3m
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and 2.2 percent by volume (Table 2). Ellis found that concentratioxis

of 0. 5 percent by volume (about 1 mg/i BOD) in laboratory streams

did not measureably affect the production of juvenile salmon but that

concentrations of 1. 5 percent by volume (about 3 mg/i BOD)

reduced the production of salmonids during spring months, Ellis

did not find differences in the bjomass of benthic invertebrates

between control and treatment streams, and he believed the effluent

affected the salmon growth rate through direct physiological effects.

Lichatowich (1970) testing effluent from a different mill found that

salmonid growth rate and production was higher in streams receiving

0.5 and 1.5 percent by volume (1 and 3 mg/i BOD) primary KME

than in control streams during summer months. Lichatowich

believed the primary KME, which was less acutely toxic during

summer months, promoted higher benthic invertebrate biomasses,

which led to the higher production of the salmonids. In the present

study, concentration of KME used in the experimental channels was

0. 35 percent by volume or 0. 75 mg/i BOD, which was lower than

the concentrations studied by Lichatowich or Ellis. Except for the

brief period in February when toxicities were high, no effect on

production was evident. Primary KME that was not unusually toxic,

or was treated, mixed or diluted sufficiently to reduce the effects of

brief peaks in toxicity, would probably not be harmful to juvenile

salmonid production at the concentrations tested in these experiments.



SKME was at no time found to have the high toxicities exhibited

by primary KME, and its addition to experimental stream 2 did not

measurably affect the salmonid production in that stream. Sein

(1970) found that SKME concentrations of 1.5 percent by volume

(0. 12 to 1, 3 mg/i BOD) reduced the production of juvenile salmon

in laboratory streams during spring experiments, but both he and

Lichatowich (1970) found salmon production in laboratory streams

receiving SKME concentrations up to 4. 0 percent by volume (0. 3

to 0.9 mg/i BOD) to be greater than control streams during sum-

mer months. Both Seim and Lichatowich attributed the higher

production of salmonids in the laboratory streams receiving SKME

during summer months to higher invertebrate benthic biomass.

Seim found the increase in benthic invertebrate biomass to have

resulted from increases of the amphipod Crangonxy sp. Benthic

invertebrate biomasses of the experimental stream channels were

determined by Mr. Richard Craven of the Oregon State University

Department of Fisheries and Wildlife (Appendix II). Craven (MS)

found an increase in Cra1oi1\rn x and Physa biomass in the stream

channel receiving SKME, but there were generally lower biomasses

Qf Flydropsyche in that stream duzing the first part of the period in

which SKME was present, probably owing to earUer effects of KME.

Thus the total invertebrate biomass in all streams was nearly equal,
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and this was probably a major factor in the three streams having

nearly equal productivity for salmonids,

The KME and SKME concentrations used here did not affect the

growth or production of salmonids, but in this study no reliance was

placed on natural reproduction to maintain stocks of fish in the

streams. Low levels of KME or SKME could be harmful to fish

reproduction by increasing bacterial slime organisms, such as

Sphaerotilus natans in streambed gravels, which could reduce the

oxygen supply to eggs in salmonid redds, Sphaerotilus was visible

in stream 2 in winter and spring months. Thus the concentration of

KME ana SKME used in these experiments could well be undesirable

in areas where salmon spawning occurs.

Trophic Relationships of Salmonids in the Stream Channel

Craven (MS) found biomasses of the amphipod Crangonyx sp.,

the caddis fly ydropsyche sp., and the blackfly Simulium sp to be

lower in stream 2 than in the two control streams: from approximately

October 1970 to March 1971, when 0. 75 mg/i primary KME entered

stream 2. Total benthic invertebrate biomasses of stream 2 were

generally only slightly lower than those in streams 1 and 3, because

the benthic biomass of the snail was higher in stream 2 during

this same time period (Appendix II). During November 1970 to

January l97l the percentages of simulids and amphipods found in



the stomachs of fish from stream 2 were slightly less than those for

the two control streams and the percentage of Physa was higher,

which might be expected from their biomasses. The percentage of

hydropsychids found in the stomachs of fish in stream 2 was inter-

mediate to those found in stomachs of the fish from the control

streams, even though hydropsychid biomass was less in stream 2,

suggesting ppsyche may have been relatively more available

to fish in stream 2. Nonetheless, as was explained earlier, food

was probably not the limiting factor in any stream during the mouths

from October to February of any year, temperature probably having

had the most influence on the growth and production of fish during

these months.

During February 1970 and 1971, the primary effluent was

acutely toxic to fish at the concentration entering stream 2. Craven

found no noticeable drop in the number or biomass of any invertebrate

organism during these months that could be attributed to effluent

toxicity. Thus the production of fish continued at about the same

levels after the fish killed by effluent were replaced.

After the introduction of 0. 75 mg/i BOD of SKME to experi-

mental stream 2, Craven found Hydropsyche biomass remained low

from April 1971 to April 1972 in stream 2, but then increased to

the level present in the control streams. Nevertheless, the total

benthic invertebrate biomass was always about equal in the three
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streams, because the biomass of both Crangonyx and Physa were

highest in stream 2 during the time Hydropyç was low.

Productivity in the Experimental Stream Channels
and Natural Streams

The experimental stream channels were designed to prQvide

experimental conditions more closely resembling those in nearby

natural streams than did conditions studied in previous work. Thus

comparison of the productivity of the experimental streams for

salmonids with the productivity of natural streams for their native

salmonids populations is of interest, The curves in Figure 16

describe production-biomass relationships during the highly

productive spring or summer months determined from four produc-

tion studies of salmonids. The temperature regimes in all the

studies were similar. The data from the Horokiwi Stream (Allen,

1950) in New Zealand represents the period from October to January

and January to May. These roughly correspond to April to July arid

July to October in the Northern Hemisphere.

Conversion of data to common units was necessary to make

this comparison. The Horokiwi stream data was reported as trout

production in lbs/acre in a three month period. This was converted

to grams/rn2 of trout production and then divided by 3, to approximate

trout production in g/rn2/30 days. The Berry Creek data (Warren
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et. al., 1964) was presented in Kcal/m2/month. Further data in

this paper indicated 1 kilocalorie was equivalent to approximately

1. 1 grams wet weight of fish. Thus kilocalories were mult.plied

by 1. 1 grams to obtain an approximation of g/m2/30 days of fish

production in wet weight. Fish production was measured at

approximately 15 day intervals in the laboratory stream communities

(Lichatowich, 1970) and reported in g/m . The 15 day production

values determined over longer periods of time were added to obtain

fish production in g/m2/30 days. The calculated values of pro-

duction in g/m2/30 days appear in Figure 16. The production-

biomass curves generated by thesepoints are quite different. It

is impossible 10 determine a curve for the Horokiwi Stream data,

because only one production value is available for each stream zone

for a three month period, and as indicated earlier in this thesis,

the productivity probably does not remain at one level for much

more than 3 months. Nevertheless, the spring and summer

production values indicate the Horokiwi stream has a high productivity

for brown trout. The production-biomass curves indicate the

experimental stream channels also have high production for trout

during spring and summer months, but biomasses sufficient to

reach the peak of the production-biomass curve did not occur.

Considering the very high biomass in the Horokiwi stream, it is not

unlikely that the productivity of the experimental streams for coho
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salmon and brown trout were quite similar to the productivity of

the Horokiwi stream for brown trout (Figure 16). Different age

ciases of cutthroat trout were present in Berry Creek, whereas only

juvenile salmonids were stocked in the experimental stream channels.

Nevertheless, the great differences between the production-biomass

curves for Berry Creek and for the experimental streams indicate

that the experimental streams were much more productive than was

this nearby woodland stream. The experimental stream channels

were also much more productive than were the laboratory streams,

the production-biomass curves differing greatly.

The two production-biomass curves for the enriched and

unenriched sections of Berry Creek indicate possible magnitudes of

changes in productivity occassioned by addition of foreign material.

In this case, the addition of sucrose increased the productivity of

the system by increasing abundance and availability of food

organisms, especially midge larvae. The absence of such

differences in the production-biomass curves of the three experi-

mental stream channels indicates that the mill effluent studied had

little if any effect on the productivity of the experimental streams

for salmonids.
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Appendix I Table 1. Physiocochemical analyses of 7-day composite samples of primary treated and
biologically stabilized kraft mill effluent, 1970-1972.

Total Total Suspen4ed Suspended
BOD COD solids volatile solids volatile

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

1970

Feb 10-17 282 610 ---
17-25 310 650 832 335 114
25-Mar 3 250 616 711 273

Mar 4-10 276 640 742 346
11-18 272 580 704 299 80 76
21-24 245 568 622 263 100 88
25-31 240 650 813 261 120 100

Apr 1-7 177 600 669 237 36 24
8-14 260 607 620 240 20 18

15-21 243 582 625 221 44 34
22-28 270 645 709 246 27 22
29_May S --- 607 674 220 30 20

May 6-12 267 578 672 183 41 25
12-19 147 810 633 182 95 50
20-26 202 528 602 198 32 22
27-June 2 211 671 714 295 165 120

June 3- 7 190 683 527 425 56 52
11-16 217 571 658 476 30 32
17-23 235 585 582 231 48
24-30 338 548 659 213 55 53

July 1- 7 177 413 644 202 45 30
8-14 210 551 679 146 46 38

15-21 186 655 683 269 85 83
22-27 214 617 664 314 53 17
28-Aug 3 198 576 628 208 53 43

Aug 4-10 210 546 627 174 28
11-17 204 581 661 205 43 30
18-24 186 518 619 i27
25-31 246 670 807 286

Sept 1- 7 198 607 714 208
8-14 186 562 694 209

15-21 195 509 748 238
22-28 237 580 701 196
29-Oct 6 195 702 773 260

Oct 6-12 195 650 767 265
13i9 180 585 790 274
20-26 180 565 666 218 -_
27-Nov 2 350 --- 746 300 ---

Nov 3- 8 180 --- 708 220 ___
9-16 230 --- 670 269 ---

17-23 220 --- 696 260 ---
24-29 320 --- 729 236 ---
30-Dec 5 240 --- 733 258 ---



70

Appendix I Table 1. Continued

Date
BOD

(mg/i)
COD

(mg/i)

Total
solids
(mg/i)

Total
volatile
(mg/i)

Suspended
solids
(mg/i)

Suspended
volatile

(mg/i)

1970

Dec 6-12 210 --- 733 258
13-20 200 --- ---

21-28 194 --- ---

29-Jan 4 214 --- ---

1971

Jan 5-13 258 --- ---

14-20 204 --- --- ---

21-27 222 --- ---
Feb 4-li 280 ---

12-17 245 ___

i8-24 222 .-_
25-Mar 3 282 --- --- ---

Biologically stabilized effluent

Mar 12-28 40 244 --.. --..

28-Apr 3 48 ._
Apr 4-10 49

11-16 67 294 --- ---

17-23 93
24-30 90 --_ ___

My 1-8 60 --- --- ---

9-15 75 302 --- ---

16-24 100 --- --- ---

25_July 1 60 --- ___

July 2-3 65 --- ___
9-16 32 216 --- ---

17-29 42 --- -j--

30-Aug 11 40 --- --_ __-

A14g 12-19 30 220 --- ---

20-25 51 --- --- ---

26-Sept 1 36 ---
Sept 2-9 33 --- --- ---

10-15 24 184 --- _-_
16-22 6 --- -- --
23-29 57 -- --- --- ---

30-Oct6 54 --- --- --- ---

Oct 7-13 71 --_ --- --- ---

14-20 54 260 --- --- ---
21-27 27 __ __

28-Nov 3 64 --- --- --- ---

Nov 4-10 43 --- --- --- ---
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Appendix I Table 1. Continued

Total Tptal Suspended Suspended
BOD COD solids volatile solids volatile

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

i971

Nov 11-17 33 222 ---
18-24 52 ___
25-Deci 62 --- ---

Dec 2-8 78
9-15 71 --- ---

16-22 62 --- __-
23-29 56 --- ---
30-Jan 5 57 --- ---

1972

Jan 6-12 119 ---
13-19 83 344 --- ---

20-27 88 --- --- --- ---

28-Feb 2 66 --- ---

Feb 3-9 112 --- --- ---

10-16 129 410 --- ---

17-23 81 --- --- ---

24-Mar 1 78 --- --- ---
Mar 2-8 7 --- --- ---

9-15 76 --- --- ---

16-23 68 --- --- ---

24-30 89 --- --- ---

31-Apr S 77 _ --
Apr 6-12 96 --- --- ---

13-19 112 395 --- --_

20-26 91 --- --- ---

27-May 3 103 --- --- ---

May 4-10 100 --- ___ ___ ___

11-17 98 360 --- --- ---
18-24 77 --- --- --- ---

25-June 1 60 --- --- ---

june 2-9 53 --- --- --- ---

10-14 35 224 --- --- ---
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Appendix I Table 2. Biochemical oxygen demand (BOD) of the primary treated Icraft mill effluent
theoretical increase of the BOD of the experimental stream water, and percent
by volume that the introduced effluent contributed to the total stream volume.

Date
BOD

(mg/i)
Actual BOD
(Added mg/i)

Contribution of
Effluent to

Stream
Volume

(%)

1970

Jan 5 240
6-13 234 .71 .31

14-19 210 .67 .31
16-21 230 .82 .36

Feb 2- 8 288 .94 .33
3- 9 276 .71 .25

10-13 246 .67 .27
14-17 282 .85 .30
25-Mar 3 250 .66 .27

Mar 4-10 276 .82 .30
11-18 272 .73 .27
21-24 245 .67 .27
25-31 240 .73 .30

Apr 1- 7 177 .55 .31
8-14 260 1.09 .31

15-21 243 .70 .28
2228 270 .83 .31

May 6-12 267 .73 .28
13-19 147 .42 .28
20-26 202 1.03 .51
27-June 2 211 .77 .37

June 3- 7 190 .67 .36
11-16 217 .85 .39
17-23 235 .80 .34
24-30 338 1.07 .46

July 1- 7 177 .39 .22
8-14 210 .88 .42

15-21 186 .66 .35
22-27 214 .86 .40
28-Aug 3 198 .68 .34

Aug 4-10 210 .79 .37
11-17 204 .73 .36
18-24 186 .68 .37
25-31 246 .98 .40

Sept 1- 7 198 .60 .30
8-14 186 .70 .37

15-21 195 .77 .40
22-28 237 .91 .39
29-Oct 6 195 .61 .31
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Appendix I Table 2. Continued

Contribution of
Effluent to

Stream
BOD Actual BOD Volume

Date (mg/i) (Added mg/i) (%)

Oct 7-12 195 .74 .39
13-19 180 .68 .39
20-26 180 .74 .42
27-Nov 2 350 1.44 .42

Nov 3- 8 180 .39 .21
9-16 230 .95 .42

17-23 220 .71 .33
24-29 320 1.09 .34
30-Dec 5 240 .57 .24

Dec 6-12 210 .66 .31
13-20 200 .71 .36
21-28 194 .73 .37
29-Jan 4 214 .82 .39

1971

Jan 513 258 .89 .34
14-20 204 .60 .28
21-27 222 .80 .37

Feb 4-11 280 .94 .34
12-17 245 .66 .27
18-24 222 .67 .30
25-Mai 3 282 .95 .34
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Appendix I Table 3. Biochemical oxygen demand (BOD) of secondary-treated pulp mill effluent,
theoretical increase of the BOD of the experimental stream water, and percent
by volume that the introduced waste contributed to the total stream volume.

Contribution of
Waste to

Stream
BOD Actual BOD Volume

Date (mg/i) (Added mg/i) (%)

1971

Mar 28 40
28-Apr 3 48 .89 1.86

Apr 4-10 49 .76 1.55
11-16 67 1.01 1.52
17-23 93 1.03 1.11
24-30 90 .71 .80

May 1- 8 60 .49 .83
9-15 75 .92 1.24

16-24 100 1.00 1.00
25-June 1 60 .45 .74

June 1- 8 5 1.06 1.24
9-15 80 .70 .88

16-23 80 .74 .94
24-July 1 80 .74 .94

July 2- 8 65 .61 .94
9-16 32 .37 1.15

17-29 42 .98 2.32
30-Aug11 40 .71 1.77

Aug 12-19 30 .57 1.86
20-25 51 1.27 2.49
26-Sept 1 36 .52 1.46

Sept 2- 9 33 .68 2.05
10_is 24 .54 2.25
16-22 26 .80 3.10
23-29 57 1.64 2.86
30-Oct 6 54 .70 1,31

Oct 7-13 71 .98 1.38
14-20 54 .57 1.04
21-27 27 .37 1.38
28-Nov 3 64 1.77 2,75

Nov 4-10 43 .50 1,16
11-17 33 .57 1.73
18-24 52 1.18 2.26
25-Dec 62 .89 1,43

Dec 2- 8 78 .94 1.20
9-15 71 .68 .95

16-22 62 .66 1.04
23-29 56 .67 1.21
30-Jan 5 57 .76 1 .33



75

Appendix I Table 3. Continued

Contribution of
Waste to

Stream
BOD Actual BOD Volume

Date (mg/i) (Added mg/i) (%)

1972

Jan 6-12 119 1.55 1,31
13-19 83 .52 .63
20-27 88 .74 .89
28-Feb 2 66 .55 .85

Feb 3- 9 112 1.27 1.13
10-16 129 .86 .67
17-23 81 .46 .58
24-Mar 1 78 .71 .92

Mar 2- 8 76 .73 .95
9-15 76 .74 .98

16-23 68 .67 .98
24-30 89 .97 1.01
31-Apr 5 77 .64 .83

Apr 6-12 96 .92 .97
13-19 112 .86 .77
20-26 91 .61 .67
27_May 3 103 .85 83

May 4-10 100 .73 .72
11-17 98 .73 .74
18-24 77 .58 .76
25-June 1 60 .58 .97

June 2- 9 53 .66 .45
10-14 35 .49 1.40
15-23 32 .67 2.11
24-28 38 .88 2.32
29JuIy5 27 .52 1,94

July 6-12 30 .82 2.75
13-19 47 1.16 2.49
20-26 37 .58 1.58
27-Aug 2 41 .82 2,01

Aug 3- 9 30 .52 1.82
10-16 43 1.06 2.49
17-23 31 .54 1.73
24-30 31 .74 2.40
31-Sept6 52 1.21 2.40

Sept 6-13 38 .51 1.43
14-20 46 .89 1.95
21-27 21 .34 1.61
28-Oct4 25 .88 3.54

OcI 5-11 32 .95 2,98
12-18 29 .67 2.32



Appendix I Table 3. Continued

Date

1972

Oct 19-25
26-Nov 1

Nov 2-8
9-15

16-20
21-30

Dec 1-6
7-13

14-20
2 1-28
29-Jan 4

1973

Jan 5-6
7-11

12-18

BOD Actual BOD
(mg/i) (Added mg/i)

41

31

34
32

32

28

29
32

Effluent pump burned out
118

65

75

-- Effluent pipe line frozen
45

1.04
.57
.80

1.15
.74
.65
.76
.82

.55

.40

85

.28

Conti'jbutjoi of
Waste to
Stream
Volume

(%)

2 .56
1.82
2.40
2.19
2.32
2.32
2.65
2 .56

.46

.63

1.13

63

76
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Appendix III Table 1. Mean biomasses, growth rates, and production of cutthroat trout and coho salmon in the 3 streams for experimental period I from February 12, 1970
to May 19, 1970. Stream 2 received 0. 75 mg/l primary KME.

Stream 1 Stream 2 Stream 3
Mean Growth Mean Growth Mean Growth

Fish Biomass Rate Prod Prod Biornass Rate Prod Prod Biomass Rate Prod Prod
Sampling period Species Size5 g/m2 mg/g/day g/m2 g/m2/30 days g/m2 mg/g/day g/m2 g/m2/30 days g/m2 mg/g/day g/m2 g/m2/30 days

February 12 - Cutthroat L 1. 74 6.92 .39 .39 1.57 7.62 .36 .36 1.74 7.08 . 37 . 37
March 14, 1970 trout S 1.21 12. 08 .44 .44 1.00 11.85 .50 . 50 1.09 18.43 .60 . 60

2.95 9. 38 .83 2.57 11. 53 .86 2. 83 11. 42 .97

March 14 - Cutthroat L 1.57 10.91 .60 .52 2.22 7. 81 .61 .52 1.26 10.44 .46 . 39April 18, 1970 trout S 1.37 6.57 .31 .27 .87 8.28 .25 .22 .82 16.99 .48 .41
2.94 8.96 .79 3.09 8.30 .77 2.08 12.82 .80

April 18 - Coho
May 19, 1970 salmon 6. 12 26.02 4.48 4.35 6. 35 23.35 4.59 4.45 6.67 25.91 5.35 15. 19

April 18 - Cutthroat L 1.07 - .59 -.02 -.03 2. 10 -1.01 -.08 -. 12 1.90 -1.58 -.06 -.09
May 19, 1970 trout S 1. 17 1.24 .04 .06 1.01 6.88 .39 1.02 - .68 -.01 -.02

2.24 .45 .03 3.21 4.78 .46 2.92 -1.26

April 18 - Cutthroat
May 19, 1970 and Cohn 8.36 17.46 4.38 9.56 17. 12 4.91 17.66 5.08

Total Production 6.24 6. 62 7. 19

5 L indicates large fish (over 130 mm)
S indicates small fish (under 130 mm)



Appendix III Table 2. Mean biomasses, growth rates and production of brown trout and fall chinook salmon during experimental period II from June 22,
1971. Stream 2 received 0. 75 mg/i BOB of primary KME.

1970 to January 29,

Stream 1 Stream 2 Stream 3
Mean Growth Mean Growth Mean Growth

Biomass Rate Prod Prod Biomass Rate Prod Prod Biomass Rate Prod Prod
Date Species g/m2 mg/g/day g/m2 g/m2/30 days g/m2 mg/g/day g/m2 g/m2/30 days g/m2 mg/g/day g/m2 daysg/m2/30

June 22 -

July 23, 1970 Chinook 1.97 24. 00 1.42 1.42 2. 12 33.80 2.22 2. 15 2. 13 32. 90 2.24 2. 10

July 24 - Chinook 1.80 4.39 .26 .23 2.00 6.60 .44 .39 .92 5.60 . 17 . 15
Aug. 26, 1970 Brown trout 2.17 20.28 1.52 1.34 2.51 22.89 1.89 1.67 2.76 20.45 1.86 1.64

Total 3.97 13. 18 1.78 1.57 4.51 15.23 2.33 2.06 3.68 16.21 2.03 1.79

Aug. 26 - Chinook . 79 9.80 . 19 .21 .58 00.00 0.00 0. 00 0. 00 00. 00 0. 00 0.00
Sept. 21, 1970 Brown Trout 2.40 18.50 1.11 1.23 3.06 19.32 1.48 1.70 3.25 26.20

Total 3. 19 15. 04 1. 30 1.44 3.64 15.56 1.48 1. 70 3.25 2. 19 2.52

Sept. 21 - Chinook . 61 4. 69 . 10 .09 .46 1.20 .03 . 03 0. 00 00. 00 0.00 0. 00
Oct. 27, 1970 Brown trout 2.03 20.33 1.44 1.23 3.60 17.44 2.20 1.83 3.38 17.83 2.11 1. 76

Total. 2.64 16.67 1.54 1.32 4.06 15.27 2.23 1.86 3.38 2.11

Oct. 27 - Chinook .45 13.89 . 19 . 18 0.00 00.00 0.00 0.00 0.00 00. 00 0.00 0.00
Nov. 27, 1970 Brown trout 1.85 5.27 .31 .29 2.48 8.46 .63 .61 3.36 5. 73 .58 .58

Total 2.20 6.97 .50 .46

Nov. 27 -

Dec. 29, 1970 Brown trout 1. 89 3. 97 .41 .39 2. 01 -0. 78 -. 06 -.06 3.34 2. 16 .23 .22

Dec. 29 -

Jan. 29, 1971 Brown trout 1.89 0. 15 .01 .01 2.05 2.20 .14 . 14 3.32 .68 .07 .07
5.96 8.99 9.45



Appendix III Table 3. Mean biomasses, growth rates, and production of chinook salmon in the three stream channels for experimental period III from March 22, 1971 to
April Z4, 1971 and for brown trout for experimental period IV from August 2, 1971 to January 24, 1972. Stream 2 received 0. 75 mg/i DOD of SlIME.

Stream 1 Stream 2 Stream 3
Mean Growth Mean Growth Mean Growth

Biumass Rate Prod Prod Biomas Rate Prod Prod Biomas Rate Prod Prodg/m2 mg/g/day g/m2 g/m2/30 days g/m mg/g/day g/m2 g/m2/30 days g/m mg/g/day gIm2 g/m2/30 days

Chinook salmon

March 22 -

April 24, 1971 4.08 29.65 3.99 3.63 3.59 26.28 3. 11 2.83 4. 18 31.98 4.41 4.01

April 24 -

May 28, 1971 2.47 10.93 .84 .81 1.92 20.48 1.22 1. 18 3.96 8.25 1.01 .98
Brown trout

August 2 -

September 2, 1971 .98 28.20 .86 .83 .92 35.50 1.01 .98 .79 26. 16 .64 .62

September 2 -

September 24, 1971 1.22 21.58 .58 .79 1.34 27.30 .81 1.10 1.29 25.06 .71 .97
September 24 -

November 2, 1971 1.74 20.69 1.23 1.08 1.56 21. 10 1. 12 .99 1.92 21.01 1. 37 1.21

November 2 -

December 2, 1971 2.33 2.58 . 18 . 18 2.21 4.98 . 33 . 33 1.86 7.88 .44 .44
December 2 -

December24, 1971 2.49 2,41 .13 .18 2.47 4.84 .26 .35 1.44 3.20 .10 .14
December 24 -

January 14, 1972 2. 77 1.93 . 17 . 16 2. 83 1.41 . 12 . 12 1. 31 7. 80 . 32 . 31

3. 15 3. 65 3.48

-a.;



Appendix III Table 4. Mean biomasses, growth rates and production of coho salmon in the three stream channels for experimental period V, from February 7 to May 25, 1972.
Stream 2 received 0. 75 ppm stabilized KME.

Stream 1 Stream 2 Stream 3
Growth Growth Growth

Biomass Rate Prod Prod Biomass Rate Prod Prod Biomass Rate Prod Prod
gIrn2 mg/g/day g/m2 g/m2/l5 days g/m2 mg/g/day g/m2 g/m2/l5 days g/mZ mg/g/day g/m2 g/m2/15 days

February 7 -

February 21, 1972 2.29 3.91 . 12 . 13 2. 16 4.75 . 14 . 15 2.20 2.86 .08 .09

February 21 -

March 9, 1972 2.66 19.41 . 77 . 77 2.60 24.37 .95 .95 2.48 19. 33 . 71 . 71

March 9 -

March 24, 1972 3. 66 18. 37 1. 13 1.00 3. 75 23.05 1.47 1. 30 3. ZO 20. 72 1. 06 .93

March 24 -

April 7, 1972 4. 84 24.60 1.67 1.79 5.02 27.07 1.90 2.03 3.74 18. 12 1. 19 1.27

April 7 -

April 24, 1972 6.63 23. 12 2.61 2.30 6.82 19.55 2.22 1.96 4.24 24.26 1.75 1.54

April 24 -

May 10, 1972 9.66 28.00 4.33 4.06 9.82 32.94 5. 18 4.95 5. 19 25.97 2. 16 2.02

May 10 -
May 25, 1972 12. 72 19. 90 3.80 3. 80 12.65 25. 67 4. 87 4. 87 5.05 9. 71 . 73 . 73

13.98 16. 73 7. 68

I



Appendix III Table 5. Mean biomasses, growth rates and production of brown trout in the three stream channels during experimental period VI from June 9, 1972 to
January 30, 1973. Stream 2 received 0. 75 mg/i BOG of SKME

Stream 1 Stream 2 Stream 3
Growth Growth Growth

Biomass Rate Prod Prod Biomass Rate Prod Prod Biomass Rate Prod Prod
g/m2 mg/g/day g/m2 g/m2/30 days g/m2 mg/g/day g/m2 g/m2/30 days g/m2 mg/g/day g/m2 g/m2/30 days

June 9
July 10, 1972 4.70 25.86 3.25 3. 14 4. 14 29.66 3. 70 3.61 2.44 20.64 1.56 1.51

July 10 -

August 10, 1972 5.71 14.82 2.63 2.54 5.70 18. 16 3.21 3. 11 2. 17 26.86 1.81 1.75

August 10 -

September 10, 1972 7. 76 14.53 3. 72 3.38 7.21 14.31 3.41 3. 10 4.94 20.22 3.29 2.99

September 10 -

October 14, 1972 9. 75 14. 17 4.43 4. 15 9.04 12. 15 3.51 3.29 5.77 16. 75 3. 10 2.90

October 14 -
November 17, 1972 11.59 6.62 2.61 2.30 11. 17 5. 10 1.94 1.71 6.04 9.60 1. 74 1.53

November 17 -

December 18, 1972 12. 18 0.48 0. 18 0. 17 11. 19 1.23 0.43 0.42 6. 13 0.95 0. 18 0. 17

December 18 -

January 30, 1973 12.33 2,90 1.00 1.07 11.64 4. 16 1.35 1.44 6.33 2.82 0.50 0.54

17.82 17.55 11.88




