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ABSTRACT

The results of studies on coho salmon (Oncorhynchus kisutch) and cutthroat

trout (Salmo clarki) habitat under controlled flow conditions at Elk Creek,

Clatsop County, Oregon, were inconsistent with earlier findings. However, data

on stream habitat and salmonid standing crop collected under natural flow

conditions from six other north Oregon coastal streams indicate excellent

relationships between (1) pool volume and coho standing crop and (2) cover

and cutthroat standing crop. Additional data are needed to verify these

relationships.

INTRODUCTION

Since 1973 the Research Section, Oregon Department of Fish and Wildlife,

has been conducting research on salmonid rearing with the goal of developing

•	 techniques that can be used in streams to estimate the influence of stream
discharge on fish production.

When instream flows are reduced, any effects on salmonid standing crop

result from changes in the stream environment. Therefore, if we knew the

relationships between the physical characteristics of the stream environment

which constitute salmonid habitat, and the standing crop of important salmonid

species, we could predict the effect of a given reduction in flow on salmonid

standing crop by measuring or predicting the salmonid habitat at the reduced

flow.

Based on data collected under controlled flow conditions at Elk Creek,

Clatsop County (Fig. 1) in summer 1975, a habitat rating system was developed

which explained 72% of the variation observed in the standing crop of coho

salmon (Oncorhynchus kisutch) in six study sections at three discharge levels

(Nickelson 1976).
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Fig. 1. A map of northwestern Oregon showing the study streams.



• Plans for summer 1976 were to: (1) continue to develop the habitat rating

system for coho salmon; (2) investigate the capability of the system for adap-

tation to coastal cutthroat trout (Salmo cZarki clarki); and (3) determine the

validity of the system in streams other than Elk Creek.

METHODS

Elk Creek

A wood piling weir and a 76 cm diameter corrugated metal pipe divert water

from the North Fork to the West Fork of Elk Creek (3). A head gate provides

control of flows through the study area. The weir is located on the North

Fork 1.2 km upstream from its confluence with the West Fork.

Seven 20-30 m study sections were established in the stream below the

flow control facility. Three of the sections were stocked at a predetermined

level with age 0+ coho salmon. The remaining four sections were stocked with

age 1+ and older cutthroat trout. The coho were collected from other sections

of Elk Creek and the cutthroat were collected from above the falls on the

North Fork of Elk Creek and from nearby Grassy Lake Creek.

Controlled constant flows of 168, 112, 63, and 42 1/sec (6.0, 4.0, 2.25,

and 1.50 cfs) were studied during four 2-week experiments. Fish were stocked

at the beginning of each flow experiment. Coho were stocked at a rate of 2

fish/m2 and cutthroat at a rate of 0.3 fish/m 2 . In each experiment, depths

and velocities were measured and cover and substrate were evaluated on 22

cross-sectional transects in each study section. At the end of each experi-

ment, salmonid standing crops were estimated for each section by multiplying

• the population estimate, obtained by the removal method (Zippon 1958), by the

mean weight of the fish collected.



Rick Hafele, an Oregon State University graduate student in entomology,

is studying the effects of reductions in flow on the aquatic insects of Elk

Creek. Drift nets, artificial substrates, a benthic sampler, and floating

traps were used to collect insect samples. Salmonid stomachs were also

collected and later examined for food content. Sampling was done systemat-

ically following a rigid schedule.

North Coast Streams

In addition to Elk Creek, six other north coast streams were studied in

1976 (Fig. 1). Bergsvik, Beneke, and Cronin creeks are coho streams while

Cook, Fishhawk, and Fall creeks were studied above impassable falls where only

0 cutthroat are found. Three study sections were established on each stream

with the exception of Fall Creek which had four and Cronin Creek, which had

• one. The study sections ranged in length from 10-60 m, however, most were•
15-27 m long. Salmonid populations were assumed to be at carrying capacity

in each study section.

Salmonid standing crop was estimated by species for each study section.

Depth and velocity were measured and cover and substrate were evaluated for

each section on transects placed at 1-2 m intervals.

RESULTS

Elk Creek

Results of our experiments at Elk Creek in 1976 were inconsistent with
those of 1975. A major difference between the 2 years was the presence of
traps and screens at each end of the 1975 study sections. These were omitted
in 1976. Possibly as a result, coho standing crops were considerably lower in
1976 than they had been in 1975 (Table 1).	 In addition, where there had been

•
•



a relationship between selected habitat parameters and coho standing crop in

1975 (Nickelson 1976), such a relationship was nonexistent in 1976.

6

Table 1.	 Comparison of coho standing crop in two sections of Elk Creek in 	 1975
and 1976 (means of two sections which were similar between years).

Flow
Litres/sec

Standing crop	 (g/m2)

1975 1976

168
112
84
63
42
21

3.35
2.86
2.71
4.32

0.86
1.08

1.12
2.27

The standing crop of coho increased as stream flow decreased in 1976.

similar phenomenon occurred in most of the cutthroat sections (Table 2) and

may have been due to an increased number of fish being unable to move out of

the study sections because of decreased depth and an accumulation of alder

leaves in the riffles. The build-up of leaves was especially heavy during

the last experiment.

Cutthroat standing crop in section 7 did decrease with decreasing flow

(Table 2). This section lacked the deep pool and adjacent shallow riffle

which characterized the other sections. Leaves did not accumulate at the

bottom and the small amount of cover disappeared rapidly with reduction

of flow in this section.

North Coast Streams.

The standing crop of juvenile coho in Bergsvik, Beneke, and Cronin creeks

study sections had a range of 0.05-2.09 g/m2 (Table 3). Cutthroat and

steelhead trout (S. gairdneri gairdneri) were also present in these study

•
•

•
• sections.



Table 2. Summary of the number of, cutthroat trout stocked in each study

section at the beginning of each experiment and the population estimates
and standing crop at the end of each experiment.

Flow
(litres/sec) Section No.	 stocked

Population
Estimate

Standing crop
(g/m2)

168 3 6o 27 2.36
112 52 29 2.56
63 50 29 3.46
42 42 34 4.45

168 4 44 17 1.06
112 39 17 1.19
63 37 12 1.25
42 31 16 2.97

168 6 44 27 2.91
112 44 19 2.85
63 43 25 3.12
42 36 25 4.45

168 7 66 6 0.54
112 53 2 0.11
63 50 1 0.06
42 42 0 0.00

Cutthroat trout standing crop ranged from 1.07 to 8.98 g/m2 in Cook

and Fishhawk creeks while it ranged from 0.30 to 2.88 g/m2 in Fall Creek

(Table 3). Fall Creek was probably below carrying capacity since the habitat

was similar to Cook and Fishhawk creeks.

DISCUSSION

Coho Salmon Habitat Evaluation

The habitat quality rating system developed in 1975 (Table 4) explained

73% of the variation in coho standing crop in the seven study sections of

Bergsvik, Beneke, and Cronin creeks. However, modifications of this system

explain a greater amount of the variation.

•



Table 3.	 A summary of juvenile coho salmon and cutthroat trout populations
in 17 study sections on six Oregon North Coast Streams.

Stream Section Date Species
Biomass

g	 g/m2

Bergsvik Cr. 1 7/15 Coho 371.58	 0.89
2 7/22 Coho 38.07	 0.67
3 8/12 Coho 5.14	 0.05

Beneke Cr. 1 9/22 Coho 110.25	 1.092 9/22 Coho 279.84	 1.48
3 9/23 Coho 95.76	 0.98

Cronin Cr. 9/30 Coho 315.17	 2.09
Cook Cr. 1 9/2 Cutthroat 162.67	 2.982 9/2 Cutthroat 541.58	 7.03

3 9/9 Cutthroat 24.10	 1.07
Fishhawk Cr. 1 9/21 Cutthroat 288.54	 4.122 9/21 Cutthroat 141.94	 1.313 9/27 Cutthroat 615.29	 8.98
Fall	 Cr. 1 8/25 Cutthroat 56.51	 1.392 8/25 Cutthroat 41.40	 0.303 8/26 Cutthroat 85.99	 0.754 8/26 Cutthroat 221.71	 2.88

Pool area explained 80% of the variation in coho standing crop in these
same streams. Pearson et al. (1969) found a relationship between pool area
and numbers of juvenile coho per pool. The combination of pool area multiplied

by the habitat quality of the pool explained 91% of the variation in standing

crop in the three streams. Pool volume gave the greatest correlation with

coho standing crops explaining 95% of the variation in the seven study

sections (Fig. 2). At this time we have too few data points to determine the

best habitat parameters to use for predicting coho standing crop.

•

•
•



Table 4. Criteria for rating juvenile coho salmon habitat.

Habitat index criteria

A. Species: Coho Salmon - Age 0+

Stream:	 Elk Creek

Habitat Categories:

Water Type

Prime	 Depth >30 cm Velocity <30 cm/sec
Marginal Depth <30 cm Velocity <30 cm/sec

Cover Type

Undercut banks and submerged roots
Overhanging cover and submerged logs and limbs
No cover

Substrate Type

Cobble
Gravel
Sand, Silt, or Clay

HI = Water type value + cover value + substrate value

HQ =	 E(HI-1) 
n

Where: HQ = habitat quality and

n = number of observations

Value

2
1

2

2
1
0

Cutthroat Trout Habitat Evaluation

Cover alone, as evaluated in Table 4, multiplied by section area explained

95% of the variation in cutthroat standing crop in the six study sections on

Cook and Fishhawk creeks (Fig. 3). Section volume accounted for only 83% of

the variation.

8
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• Fig. 2. The relationship between pool volume and coho standing crop in
three Oregon coastal streams.
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crop in two Oregon coastal streams.
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As with coho, we have too few data points to develop a reliable habitat

rating system to predict cutthroat standing crop. Plans have been developed

(See Appendix) to collect the additional data needed.

Plans for 1977

The techniques employed on the North Coast streams in 1976 proved more

productive in terms of data points per work day than did the flow manipulating

techniques employed at Elk Creek. It would also be advantageous to have

examined a large number of streams rather than a single stream when it comes

time to apply techniques developed by this study. Therefore, these techniques

will be used in 1977. The major disadvantage of this approach is that the

study streams must be at carrying capacity, which as Fall Creek illustrates,

is not always the case.

Since the drought conditions of fall 1976 affected coho spawning in

many coastal tributaries, possibly causing the juvenile populations to be

below carrying capacity, plans have been made to collect data in 1977 on

steelhead and cutthroat trout populations in the Rogue River drainage of

southern Oregon (see Appendix 3). Sixteen streams have been selected for

study between May and the end of September 1977. Each stream will have 5-10

study sections, yielding in excess of 100 data points, compared to 45 col-

lected in 1976.

The problem of recommending instream flows is a complex one with many

diverse elements. An effort has been made to identify these elements and

determine whether the current project is pursuing the correct course. As a

result, a "stepped down" plan was developed and is presented in Appendix 1.

Part A portrays the scope of the problem of recommending instream flows

"stepped down" to indicate its elements and the relationship of the current

•
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project (indicated by the more heavily lined box) to the whole. Part B

portrays the project goal, objectives and tasks "stepped down" to show their

relationship to each other.
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DETERMINE THE NON-FISH AND

WILDLIFE ORIENTED RECREA-

TIONAL VALUE OF INSTREAM
WATER

DETERMINE THE VALUE OF
OTHER BENEFICIAL USES

OF INSTREAM WATER 

DETERMINE THE AESTHETIC
VALUE OF INSTREAM . WATER

DETERMINE THE WILDLIFE
VALUE OF INSTREAM WATER

DETERMINE THE EFFECTS OF REDUCED
FLOW ON PASSAGE, SPAWNING, INCU-
BATION AND REARING OF ANADROMOUS
AND RESIDENT SALMONIDS

EXTRAPOLATE EFFECTS OF REDUCED
FLOW ON PASSAGE, SPAWNING,
INCUBATION AND REARING TO

NUMBER AND/OR SIZE OF ANADRO-
MOUS SMOLTS AND/OR RESIDENT
:0,._1a  PRODUCED 

•	 0 0

Appendix 1, Part A

RECOMMEND MINIMUM INSTREAM

FLOWS FOR OREGON STREAMS

DETERMINE THE VALUE OF WATER
FOR INSTREAM USES

DETERMINE THE VALUE OF AN'ANADROMOUS
SMOLT AND OF A RESIDENT TROUT

DETERMINE THE EFFECTS OF REDUCED
FLOW ON THE NUMBER AND/OR SIZE OF

ANADROMOUS SMOLTS AND/OR RESIDENT
TROUT WHICH A STREAM CAN PRODUCE 

DETERMINE THE EFFECTS
OF REDUCED FLOW ON

PASSAGE OF ADULTS AND
OF SMOLTS

DETERMINE THE EFFECTS
0 REDUCED FLOW ON

SPAWNING

DETERMINE THE EFFECTS
OF REDUCED FLOW ON

INCUBATION

DETERMINE THE EFFECTS
OF REDUCED FLOW ON
REARING

EXTRAPOLATE EFFECTS ON
PASSAGE TO SMOLTS AND

RESIDENT TROUT PRODUCED

DETERMINE THE REQUIREMENTS

FOR PASSAGE FOR EACH
IMPORTANT SPECIES

DETERMINE THE EFFECTS
OF REDUCED FLOW ON THE

STREAM ENVIRONMENT
RELATIVE. TO PASSAGE

DETERMINE THE SPAWNING

^- REQUIREMENTS FOR EACH
IMPORTANT SPECIES

DETERMINE THE EFFECTS

OF REDUCED FLOW ON THE
STREAM ENVIRONMENT

RELATIVE TO SPAWNING

DETERMINE THE INCU-
BATION REQUIREMENTS
FOR EACH IMPORTANT

SPECIES

DETERMINE THE EFFECTS
OF REDUCED FLOW ON THE
STREAM ENVIRONMENT

RELATIVE TO INCUBATION

DETERMINE REARING RE-
QUIREMENTS OF THE

IMPORTANT SALMONID
SPECIES IN TERMS OF

THEIR HABITAT

DETERMINE EFFECTS OF
REDUCED WATER QUALITY

DETERMINE EFFECTS OF
INCREASED STRESS 

DETERMINE EFFECTS OF
INCREASED PREDATION

AND COMPETITION

MODEL, THE EFFECTS OF
REDUCED FLOW ON THE
STREAM ENVIRONMENT

EXTRAPOLATE EFFECTS ON
SPAWNING TO SMOLTS AND

RESIDENT TROUT PRODUCED

EXTRAPOLATE EFFECTS ON

INCUBATION TO SMOLTS AND
RESIDENT TROUT PRODUCED

EXTRAPOLATE EFFECTS ON
REARING TO SMOLTS AND
RESIDENT TROUT PRODUCED 

DETERMINE THE EFFECTS OF

REDUCED FLOW ON THE STREAM

ENVIRONMENT RELATIVE TO
REARING

Appendix 1. A plan for recommending minimum instream flow for Oregon strreams.



RELATE STREAM PRODUCTIVITY
TO SALMONID GROWTH BY
DEVELOPING A PRODUCTIVITY
RATING SYSTEM BASED ON THE
WATER QUALITY PARAMETERS
MEASURED

EVALUATE GROWTH OF
SALMONIDS IN EACH
SECTION OVER THE
SUMMER PERIOD

EVALUATE RIFFLE HABITAT
IN A NUMBER OF STREAM
SECTIONS IN 4 OR 5
STREAMS AT THE BEGINNING
AND AGAIN AT THE END OF
THE SUMMER

EVALUATE WATER QUALITY
IN EACH STUDY SECTION

0 0
Appendix 1, Part B

411 411

DETERMINE THE REARING REQUIREMENTS OF THE IMPORTANT
SALMONID SPECIES IN TERMS OF . THEIR HABITAT a/ b/

DEVELOP A SYSTEM OF
QUANTIFYING THE PHYSICAL
HABITAT OF A STREAM WHICH
WILL RELATE TO THE STANDING
CROP OF EACH IMPORTANT
SPECIES

---I
EVALUATE HABITAT IN A NUMBER
OF STREAM SECTIONS IN A
NUMBER OF STREAMS 

DEVELOP A "FOOD QUALITY" RATING
SYSTEM BASED ON INVERTEBRATE
HABITAT WHICH WILL RELATE .FOOD
QUALITY" TO SALMONID GROWTH

DEVELOP A PRODUCTIVITY RATING c/
SYSTEM BASED ON WATER QUALITY
PARAMETERS WHICH WILL RELATE
PRODUCTIVITY TO GROWTH GIVEN A
CONSTANT FOOD QUALITY

DEVELOP A SYSTEM OF
QUANTIFYING THE PHYSICAL
FACTORS AFFECTING FOOD
SUPPLY WHICH WILL RELATE
TO THE GROWTH OF EACH
IMPORTANT SPECIES

EVALUATE THE STANDING CROP
OF THE SALMONIDS PRESENT
IN EACH SECTION

RELATE HABITAT TO STANDING
CROP BY DEVELOPING A
"HABITAT QUALITY" RATING
SYSTEM

--1 EVALUATE STREAMS WITH
ALLOPATRIC AND STREAMS
WITH SYMPATRIC SALMONID
POPULATIONS

RELATE STREAM HABITAT
TO SALMONID GROWTH BY
DEVELOPING A "FOOD
QUALITY" RATING SYSTEM

Tho	 itant spec defined as:	 11 Habitat should be studied in each of the 	 c/ The water quality parameters to be measured
following geomorphic regions of Oregon: 	 are:

Cohn salmon WYcorhynchus kisutchl I.
Stoelhead trout (alma) g. 	 gairdnevi)

..i.	 Cutthroat	 trout	 (D.	 dl zrkj) .5.
Rainbow trade (0. golsdneri) 4.
Brown troul	 (1%	 trwto)

C.	 Brook trout (OaLlefinus fritimalis) 6.
Rodband trout IN ,'	 sp. 7.

H.
9.

10.
11.
15.

chase Range
Willamettc,17alley
Coastal Plain
Cascade Ila,jo
Klamath Mountains
Deschutes - Umatilla Plat, 'au
blue Mountains
High lava Plains
Joseph Upland
Rosin -Range
Owyhee Upland
Snake River Canyon

1. Temperature
2. Total alkalinity
2. Total hardness
4. pH
6. Total phosphates
6. Nitrates
7. Conductivity



Primary
Goal:

Appendix 2. Streamflow Studies, Goals, and Objectives

Determine the rearing requirements of important salmonid

species in terms of their habitat in streams in each of

the 12 geomorphic regions of Oregon.

Objective 1.0: Develop a system of quantifying the physical characteristics

of a stream which will relate to the standing crop of each

•
Task 1.4:

important salmonid species. This system should explain at

least 85-900 of the variation in standing crop in the streams

studied.

Evaluate habitat in selected stream sections in a number of

streams in terms of depth, velocity, cover, and substrate.

Evaluate the standing crop of salmonids present in each section.

Relate habitat to standing crop by developing a "habitat

quality" rating system.

Evaluate streams with allopatric and sympatric salmonid

populations.

Task 1.1:

Task 1.2:

Task 1.3:

Objective 2.0: Develop a system of quantifying the physical factors affecting

food supply which will relate to the summer growth of

salmonids.

Sub-objective	 Develop a food quality rating system based on invertebrate
2a.0:

habitat which will relate "food quality" to salmonid growth

within any given stream. This system should explain 85-90%

of the variation in growth between sections within each study

stream.

Evaluate riffle habitat in several sections of five streams

at the beginning and again at the end of the summer.

1 5



Task 2b.1:

Task 2b.2:

•	 Task 2a.2:	 Evaluate growth of salmonids in each section over the summer.

Task 2a.3:	 Relate stream habitat to salmonid growth by developing a

"food quality" rating system.

Sub-objective	 Develop a productivity rating system based on water quality
2b.0:

parameters which will relate productivity to summer growth,

between sections of different streams having the same "food

quality". This system should explain 85-90% of the variation

in growth observed between streams.

Evaluate water quality in each study section.

Relate stream productivity to salmonid growth by developing

a productivity rating system based on the water quality

parameters measured.

• Secondary
	

Develop a model which will predict "habitat quality", "food
Goal:

quality", and level of productivity for a stream at any given

flow based on data collected at a single flow.

Objective 1:	 Determine the potential of hydrologic models presently in

use, (e . Water Surface Profile-Bureau of Reclamation), for

adaptation to calculate "habitat quality" and "food quality".

Objective 2:	 Adapt a model presently in use to calculate "habitat quality"

and "food quality" assuming positive results from Objective 1.

Objective	 Add the calculation of productivity level to the hydrologic

model, being developed in Objective 2.

16



Appendix 3. Streamflow Studies Sampling Plan.

Objective 1.0: Develop a system of quantifying the physical characteristics of 

a stream which will relate to the standing crop of each impor-

tant salmonid species. This system should explain at least 

85-90% of the variation in standing crop in the streams studied. 

When instream flows are reduced, any effects on salmonid standing crop

result from changes in the stream environment. Therefore, if we knew the

relationships between the physical characteristics of the stream environment

which constitute salmonid habitat and the standing crop of the important sal-

monid species, we could predict the effect of a given reduction in flow on

•	 salmonid standing crop by measuring or predicting the salmonid habitat at
the reduced flow.

The primary characteristics of salmonid habitat being considered are

depth, velocity, cover, and substrate. The relative importance of each of

these characteristics will vary with the species.

The species being considered are coho salmon (Oncorhynchus kisutch),

steelhead trout (Salmo gairdneri gairdneri), cutthroat trout (S. clarki),

rainbow trout (S. gairdneri), brown trout (S. trutta), redband trout (S. sp.)

and brook trout (Salvelinus fontinalis). Chinook salmon (O, tshawytscha) are

not included because the juveniles rear primarily in large rivers.

Assumption 1.1: Salmonid populations in the study streams are at carrying

capacity.

Task 1.1 

Evaluate habitat in selected stream sections in a number of streams in

terms of depth, velocity, cover, and substrate.

17



Activity 1.11 

Establish 5-10 study sections <100 metres in length on selected

study streams.

Activity 1.12 

Measure the section length and gradient from top to bottom. Also

measure the time it takes for water to travel through the section.

Procedures:

1. Time of travel will be measured with rock salt, conductivity meter,

and stopwatch. Three handfuls of salt will be mixed with water in a

bucket and poured in the stream at the head of the section. Time will

be stopped when the conductivity at the bottom of the section has

increased by five micromhos.

2. Gradient will be measured with a transit and stadia rod.

Activity 1.13 

Set up evenly spaced cross-sectional transects in each study section

at 0.75-5.0 metre intervals perpendicular to the flow. Measure depth

and velocity and evaluate cover and substrate on each transect at 50 cm

intervals for a total of at least 200 observations per study section.

Measure stream width on each transect.

Procedures:

1. Depth will be measured to the nearest centimeter with a meter stick

or stadia rod.

2. Velocity will be measured with a Gurley meter at 0.4 of the depth

for depths of >30 cm. At depths of <30 cm a red biodegradable dye will

be used to measure the time of travel from 25 cm above the observation

point to 25 cm below the point.

18



3. Cover will be evaluated as follows:

a. Undercut banks

b. Overhanging cover (within 1 m)

c. Velocity shelter - instream cover (logs, boulders, etc.) within

50 cm upstream of the observation point which

slows the velocity.

d. Escape cover - instream cover within 50 cm upstream of the

observation point which in addition to slowing

the velocity offers a hiding place (undercut

boulders, root wads, etc.).

e. Turbulence cover - surface turbulance such that the stream

bottom is not visible.

4. Substrate will be evaluated as follows:

a. Smooth substrate - bedrock, clay, silt, sand, boulders (> 15 cm),

or wood.

b. Gravel (<7.5 cm) and silted cobble.

c. Cobble (7.5-15 cm).

5. Width will be measured by recording the left and right waterlines

of each stream channel which the transect encompasses.

Task 1.2 

Evaluate the standing crop of salmonids present in each study section.

Activity 1.21 

Estimate the population of salmonids (and other species where

possible) in each study section by using the removal method. Fish

will be collected with electrofishers and seines.

19



Procedures:

1. Population estimates will be made by the two-pass or three-pass

removal method. Each unit of effort will consist of a pass upstream

and then downstream through the section with electrofishers. A blocking

seine will be placed at the bottom of the section and fish will be

collected from it at the end of each pass. When possible pools will be

seined as a part of each unit of effort.

Activity 1.22 

Measure length and weight of all salmonids over 75 mm and weight of

those less than 75 cm.

Activity 1.23 

Calculate salmonid standing crop and confidence limits.

Task 1.3 

fb Relate stream habitat to salmonid standing crop by developing a "habitat

quality" rating system.

Activity 1.31 

Determine through a literature search, the depth and velocity

preferences of each important salmonid species.

Activity 1.32 

Determine the relative importance of different cover and substrate

types as salmonid habitat from field observations and literature search.

Activity 1.33 

Combine the information on depth, velocity, cover, and substrate

(activities 1.31 and 1.32) into a "habitat quality" rating system

which will predict the potential standing crop of each important

species which a section of stream could support.

20



Analysis 1.33 - Regression of "habitat quality" of each study section

on standing crop (Activity 1.23) of each study section.

Each species will be treated separately and streams will

be combined.

Task 1.4 

Evaluate streams with allopatric and sympatric salmonid populations.

Objective 2.0: Develop a system of quantifying the physical factors affecting 

food supply which will relate to the summer growth of salmonids.

As with standing crop, salmonid growth could also be affected by changes

in the physical characteristics of a stream caused by flow reduction. However,

•	 these effects are primarily indirect. Changes in flow can cause changes in
the food supply of salmonids by altering the habitat of aquatic invertebrates.

41)	 Therefore, when developing a system of quantifying the physical factors affect-
ing food supply we must examine the habitat preferences of aquatic inverte-

brates and relate invertebrate habitat to salmonid growth. The better the

stream habitat for invertebrates, the greater the salmonid growth should be.

In addition to the quality of invertebrate habitat, the productivity

of the stream will have an effect on salmonid growth. Water quality parameters

(temperature, conductivity, etc.) should reflect productivity. Seven

parameters have been identified which might relate to productivity. These

will be examined and related to differences in salmonid growth observed

between streams.

Sub-objective 2a.0: Develop a food quality rating system based on inverte-

brate habitat which will relate "food quality" to

salmonid growth within any given stream. This system



•

should explain 85-90% of the variation in growth between

sections within each study stream.

Assumption 2a.1: SaZmonid populations in the study streams are at carrying

capacity.

Assumption 2a.2: Between section differences in invertebrate habitat which

result in differences in invertebrate populations will be

reflected by differences in salmonid growth.

Assumption 2a.3: Immigration and emigration of saZmonids to and from the

study sections will be minimal.

Task 2a.1 

Evaluate the riffle habitat in several sections of five streams at the

beginning and again at the end of the summer.

Activity 2a.11 

Repeat activities 1.11 and 1.12 at the end of the summer in the

first five streams studied in May.

Task 2a.2 

Evaluate growth of salmonids in each section over the summer.

Activity 2a.21 

Tag all fish > 75 mm in length collected on the five study streams

in activity 1.21.

Activity 2a.21 

Same as activity 1.22

Activity 2a.22 

Repeat activities 1.21 and 1.22 at the end of the summer.

Activity 2a.23 

Calculate growth rate of tagged fish by age class as determined by

22



• Task 2a.3 

Relate stream habitat to salmonid growth by developing a "food quality"

rating system.

Activity 2a.31 

Determine, through a literature search and analysis of invertebrate

data collected at Elk Creek in 1975 and 1976, the habitat preferences

of the aquatic invertebrate groups which are important as salmonid food.

Activity 2a.32 

Combine the information on depth, velocity, and substrate preferences

of aquatic invertebrates (from activity 2a.31) into a "food quality"

rating system which will predict the potential growth of salmonids in

each study section.

Analysis 2a.32 - Regression of mean "food quality" (beginning of summer

plus end of summer/2) for each study section on salmonid

growth rate (by age class) for each study section. Each

stream would be treated separately.

Sub-objective 2b.0:	 Develop a productivity rating system based on water

quality parameters which will relate productivity to

summer growth, between sections of different streams

having the same "food quality". This system should

explain 85-90% of the variation in growth observed

between streams.

Task 2b.1 

Evaluate water quality in each study section.

Activity 2b.11 

Measure temperature, total alkalinity, total hardness,

2 3



phosphates, nitrates, and conductivity in each study section of the

five "growth" streams at the beginning and at the end of the summer.

Activity 2b.12 

Measure temperature continuously throughout the summer at one point

in each "growth" stream with a Ryan thermograph.

Task 2b.2 

Relate stream productivity to salmonid growth by developing a productivity

rating system based on the water quality parameters measured.

Analysis 2b.2a - Determine if there are any significant differences

between the five "food quality"-growth regression

equations calculated in Analysis 2a.32a through

covariance analysis.

Analysis 2b.2b - If differences are discovered in Analysis 2b.2a perform

regression of productivity index on the observed

differences.
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