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INTRODUCTION

The maintenance of adequate instream flows to support aquatic life is

recognized as a major problem. In Oregon the primary concern is the protection

of resident and anadromous salmonids. The Oregon Department of Fish and

Wildlife has recommended minimum and optimum flows by month for several hundred

streams based on passage, spawning, incubation and rearing requirements of

salmonid species present (Thompson 1972). Of these, the flow requirements for

rearing are the least understood. Oregon's recommended flows for rearing

salmonids were based on a combination of physical measurements, general obser-

vations and judgement (Giger 1973). As a result, when conflicts for water

arise the Department finds it difficult to justify the minimum rearing flows

which it recommended.

In 1968 the Environmental Management Section of the (then) Oregon Wildlife

Commission requested that the Research Section develop improved methods for

determining rearing flows for salmonids. The purpose of this report is to

summarize the research which was undertaken and our recommendations for imple-

mentation of our findings.

BACKGROUND

A literature survey was initiated in 1971 (Giger 1973) and preliminary

investigations of research designs and methods were conducted on Elk Creek

(Fig. 1), a coastal stream, in the summers of 1973 (Keeley and Nickelson 1974)
and 1974 (Nickelson 1975)• It became apparent that a major flaw in the "Oregon

Method" as well as in methods proposed by Chrostowski (1972), Tennant (1972)
and Collings et al. (1970) was that they could not predict the effects of a

given amount of flow reduction on the standing crop of salmonids rearing in a

given stream reach, and that development of future methods should be aimed at

developing an incremental method which would quantify the changes in salmonid

standing crop caused by a given amount of flow reduction.

1



•

Fig. 1. A typical reach of Elk Creek, Caltsop County, Oregon.

Fig. 2. The flow control facility at Elk Creek.

•

•
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In 1975 and 1976 we conducted controlled flow experiments at Elk Creek

with the objective of determining the relationship between percentage reductions

in flow from the 5 year recurring low flow and the standing crop of juvenile

coho salmon (Oncorhynchus kisutch) and coastal cutthroat trout (Salmo clarki

clarki)	 (Nickelson 1976). A wood piling weir (Fig. 2) and a corrugated metal

pipe were used to divert flow from the North Fork to the West Fork of Elk

Creek. This facility allowed flows to be controlled at a constant level in the

North Fork where our experiments were conducted. Each flow level was maintained

for a two-week period during the summer low flow period (Table 1).

Table 1. Summary of flows studied at Elk Creek in 1975 and 1976.

1975 	 1976
Percent of
	

Percent of
Litres/sec.	 Min. flow
	

Litres/sec.	 Min. flow

84 100 168 200
63 75 112 133
42 50 63 75
21 25 42 50

Salmon densities, which were inconsistent between years possibly due to

summer floods and our stocking of the Elk Creek study sections, vitiated the

results of these experiments. We decided to abandon the controlled flow approach

at Elk Creek because of our inability to control flows throughout the summer.

We concluded that the most useful methodology for determining minimum

flows would be a habitat model which correlated stream habitat to salmonid

standing crop in any stream combined with a hydraulic simulation model which

would predict the habitat value of a stream reach at any given flow. A habitat

model was developed for coho based on data from Elk Creek (Nickelson 1976) and

then improved upon with data from three northern Oregon coastal streams

(Nickelson and Reisenbichler 1977).

3



In 1977 our field work shifted to the Rogue River Basin in southern Oregon. •
In April of that year the Oregon Department of Fish and Wildlife entered into

a contract with the Office of Biological Services, U.S. Fish and Wildlife

Service to develop models that could predict the standing crop of cutthroat and

steelhead trout (Salmo gairdneri gairdneri) in Willamette Basin streams.

Data collected in 1976 and 1977 were used to develop habitat models for

juvenile coho salmon, cutthroat trout and steelhead trout. Data collected in

1978 were used to test the models.

SUMMARY OF HABITAT MODELS

Model Development

Cutthroat trout 

We developed two habitat models that explain 91% and 87% of the variation

in standing crop of age 1+ and older cutthroat trout in 29 study sections of

six streams depending on how cover is calculated (Figs. 3 and 4 and Table 2).

The models compute a habitat quality rating (HQRc t ) which is the product of a

cover value ( Cct), a velocity weighting factor (p) and the wetted area of the

study section (A).

Cctl = 13.859 (DI) + 12.726 (DO + 13.591 (EC) + 12.966 (OH) + 93.298 (T)	 (1)

and

D2 + EC + OH + T + VS	 (2)Cct2 = DI

Table 2. Streams used to develop habitat models.

Cutthroat
	

Coho
	

Steelhead

Rancheria Cr.	 (Rogue) Elk Cr.	 (Pacific Ocean) Evans Cr. (Rogue)
Flat Cr.	 (Rogue) Bergsvik Cr.	 (Necanicum) Briggs Cr. (Rogue)
Elk Cr.	 (Pacific Ocean)a Beneke Cr.	 (Nehalem) Lukens Cr. (Willamette)
Oliver Cr.	 (_dillamette) Cronin Cr.	 (Nehalem) Cougar Cr. (Willamette)
Mill	 Cr.	 (Willamette)
Elk Cr.	 (Willamette)a

aAbove impassable falls.

4



•

0
Ocr

2

0
CC
I-

a
0
Cr

1,000

800-

600-

400-

2 00-
•

•

•
•
•

•
00

*

•

Y . 1.99X +75.24
R 2 =0.91
N=29

00
(.)
(.9

Eiz

Ln

0
Cr
I-
I–

0
Cr

I–

th

1,000

800-

600-

400-

200-
•

GO

•
•

•
•

•

•

Y-21.02 X +63.35

R2 ■ 0.87
N • 2 9

• •
•

100 200 300 400

HQR
CT1

•

10	 20	 30	 40

"RCT2

Fig. 3. The relationship between cutthroat habitat	 Fig. 4. The relationship between cutthroat habitat
quality (HQRcti ) and cutthroat trout standing crop.	 quality (HQRct2) and cutthroat trout standing crop.



where:

DI = frequency of depths 46-60 cm;

D2 = frequency of depths greater than 60 cm;

EC = frequency of escape cover where the depth is greater than 5 cm

(undercut banks, rootwads, undercut boulders, etc., within 50 cm upstream

of the observation point);

OH = frequency of overhanging cover within 1 m of the surface where the depth

is greater than 5 cm;

T = frequency of turbulence where the stream bottom is not visible and the

depth is greater than 5 cm; and

VS = frequency of velocity shelter where the depth is greater than 5 cm (logs

or boulders within a 50 cm upstream of the observation point which slow

the velocity).

The coefficients used in the calculation of Cc tl have no biological

meaning and are not necessarily a unique solution to the equation. For this

reason a simpler equation was constructed (C ct2 ) and is proposed as an alter-

native.

Using the equations (1) and (2) we obtain the following:

HQRctl = ( Ccti) (A) ( p )

and

HQRct2 = (Cc t2) (A) (p)

The velocity weighing factor (p) is determined from a plot of standing crop and

mean velocity for sections having similar cover values. Standing crop was

adjusted to a scale from 0.0 to 1.0 such that the highest observed standing

crop received a value 1.0. The values from this scale were then used as the

velocity weighting factor (Fig. 5).
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While cover (depths greater than 45 cm are treated as cover), appears to

be the most important factor determining cutthroat trout standing crop (coeffi-

cient of determination of 0.41 compared with 0.05 for velocity and 0.08 for

area), velocity can decrease the value of the cover in a stream section if it

is faster or slower than optimum. This is why we used the velocity weighting

factor.

Steelhead trout 

We constructed a habitat model which explains 79% of the variation in

standing crop of juvenile steelhead trout (age 1+ - 111+) in 23 study sections

in four streams (Fig. 6 and Table 2). This model is similar to the cutthroat

models in that a habitat quality rating (HQR st ) is calculated for each stream

section. The elements of HQR st are cover (Cs t ), depth and velocity (DV) and

wetted area (A).

Cover appears to be the most important factor determining the standing

crop of juvenile steelhead (coefficient of determination of 0.67). Unlike

equations 1 and 2, depth is not included as a cover type in the steelhead

model.

Thus:

Cst
	

EC + OH + T + VS. 	 (5)

Depth and velocity have been combined into a single parameter DV using

probability-of-use criteria developed by the Cooperative Instream Flow Service

Group (1FG), U.S. Fish and Wildlife Service (Bovee and Cochnauer 1977; Bovee

1978). DV is the mean of the products of the depth (DP) and velocity (VP)

probabilities (Fig. 7) for each of the sampling locations (n) in a study section.

Thus we have:

DV = EI(DP)(VP)] 
n (6)	 40
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Fig. 7. Probability of use criteria for juvenile steelhead trout. Adapted
from Bovee (1978).
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Using the wetted area and equations 5 and 6 the habitat quality rating of a

stream section is calculated from the equation:

HQRst = (C st ) (A) (DV). (7)

Coho salmon 

The model developed for coho salmon is much simpler than those developed

for cutthroat and steelhead trout. Pool volume explained 93.5% of the variation

in juvenile coho standing crop in 12 sections of four north coast Oregon

streams (Fig. 8 and Table 2).

Fig. 8. The relationship between pool volume and juvenile coho salmon standing

crop.
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Assumptions and Hypotheses

Data from streams with populations we believed to be at or near the capacity

of the available habitat were used in developing the models. This was to

assure that existing habitat was influencing standing crop. Trout standing

crops plotted against stream habitat parameters, such as surface area, depth

and cover, usually fall in a triangular-shaped area (Fig. 9). The standing

crops of streams used in developing the models all fell near the upper left-

hand edge of the distribution (cross-hatched area) of Figure 9.

HABITAT
Fig. 9. A schematic of the general distribution of salmonid standing crop
plotted against stream habitat. Streams whose standing crops fall in the
cross-hatched area were used in developing models of the relationship between
habitat and standing crop.

The models were one of four hypotheses that explain differences in salmonid

standing crop between study sections (Table 3). Since the habitat models were

still only hypotheses, they needed to be tested. Ideally this testing should

have been done in streams which were seeded to capacity. .However it would be

11



be difficult to seed streams with wild trout and duplicate a natural age structure.

Therefore we sampled additional streams during the 1978 summer low flow period

and determined the probability of erroneously predicting standing crops using

the habitat models. Essentially we determined the probability of a study

section falling outside the 95% prediction intervals of the regression line and

therefore having a standing crop different from the standing crop predicted by

the habitat model.

Table 3. Hypotheses developed to explain the observed differences in
standing crop of salmonids among study sections.

The potential of a stream to rear salmonids (measured as standing
crop) during the low flow period is determined by the habitat
parameters as presented in the models we have developed. All data
points for a given species should fall within the 95% prediction
interval.

Alternative Hypotheses for points which don't fall within the prediction
interval.

Alternative Hypothesis 1

The stream can actually rear a larger standing crop than was present
when the stream was sampled, however factors other than the rearing
habitat have limited the standing crop of salmonids.

These factors can be broken into four categories:
1. Features of the habitat such as limited spawning area or poor water

quality.

2. Biological factors such as poor escapement of spawners, predation or
disease.

3. Random occurrences such as floods or mudslides.

4. Harvest by anglers.

Alternative Hypothesis 2

The potential of a stream to rear salmonids during the low flow period
is not predicted by the habitat model as presented.

Alternative Hypothesis 3

Our measurements of standing crop and habitat are erroneous.

12



Lukens Cr.	 August
Rock Cr.	 September
Soda Fk.	 August

5
	

15.2
5
	

20.5
21.3

TESTING THE MODELS

•

Methods

We established 1-10 study sections in each stream sampled in 1978 (Tables

4 and 5). Study sections ranged from 20 to 70 cm and consisted of one riffle

and one pool or in some cases a series of small riffles and pools.

In the coho streams (Table 6) study sections consisted of individual

pools. In seven of these streams, every tenth pool was sampled throughout the

length of stream accessable to coho. The Devils Lake Fork was not sampled as

intensively as most of our coho study streams due to its larger size. Twenty-

five pools were sampled in the mainstem and 17 pools were sampled in five

tributaries.

Table 4. Streams sampled in 1978 to test the cutthroat habitat model.

No. of	 Flow
Stream	 Month	 study sections	 (cfs) 

Mill Cr.	 July	 6	 7.7
Oliver Cr.	 July	 8	 6.4
S. Fk. Gate Cr	 August	 2	 9.8
Soda Fk.	 August	 4	 21.3

Table
	

Streams sampled in 1978 to test the steelhead habitat model.

No. of	 Flow
Stream
	

Month	 study sections	 (cfs) 

1 3



Table 6. Streams sampled in 1978 to test the coho habitat model. e
No. of	 Flow

Stream	 Month	 study sections	 (cfs)

Cronin Cr.	 August

Farmer Cr.	 August

Horse Cr.	 July

Green Cr.	 August

Marlow Cr.	 August

Alder Cr.	 August

Moon Cr.	 September

Devils Lake Fk.	 August

5 tributaries	 August

70 4.6°

28 5.0a
48 1.7

33 0.8

53 2.0

19 1.7

31 0.9

24 31.0

17 0.4-6.1

aEstimated low flow from past records.

Standing crop l of each species of salmonid was calculated from a popu-

lation estimate made by the removal method (Zippin 1958) and the mean weight of

the fish captured.

To describe trout habitat, depth, velocity, cover and substrate were

measured at a minimum of 200 locations per study section on transects placed on

perpendicular to the thalweg (Fig. 10; Appendix 1). On the coho streams, pool

volume was measured using a grid system which is described in Appendix 1.

Fig. 10. Measuring stream habitat.

I

•
1 Trout standing crop does not include age 0+ fish.
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Results

Cutthroat trout 

Only 48% of the 20 cutthroat sections sampled in 1978 fell within the 95%

prediction intervals of the HQRctl model (Fig. 11) and 57% fell within the 95%

prediction intervals of the HQRct2 model (Fig. 12). Part of this difference

may be due to the greater width of the prediction intervals of the HQR ct2 model

due to the larger amount of variation in the original data.

Approximately 50% of the data points collected in 1978 fell above the

prediction intervals of the models. The location of these points leads us to

conclude that the model is not a good predictor of trout standing crop.

believe the poor performance of the models is due to the way that velocity was

incorporated into them.

In an effort to simplify the models and reduce the field measurements

required to use them, we used mean velocity of the section to calculate the

velocity weighting factor (Fig. 5). In 1977 only two of the ten sections

having mean velocities >24 cm/s had trout densities greater than 2 g/m 2 . In

1978 summer flows were higher than in 1977 and 75% of the sections sampled had

mean velocities >24 cm/s. Of these 15 sections, eleven had trout densities

greater than 2 g/m2 . These differences in trout density could not be accounted

for by cover. Thus we now question the validity of some of the data which was

used to develop the velocity weighting curve and use of mean velocity in the

models. It may be that the mean velocity of the section is not a good predictor

of the effects of velocity on a trout population.

Additional study is needed to determine how velocity should be incorporated

into the habitat models for cutthroat trout. Ideally, additional data should

be from streams which have been stocked such that the habitat is being used to

its full potential by the trout population.

1 5
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Steelhead trout 

The steelhead model fared better than the cutthroat models. Seventy-five

Percent of the sections sampled in 1978 fell within the 95% prediction intervals

of the HQRst model (Fig. 13). More information is needed to determine which

alternate hypothesis (Table 3) is appropriate for the remaining 250 of the

study sections. Since only twelve sections were used to test this model, more

streams over a larger geographical area should be sampled before this model is

widely used.

2,000  ,95% PI

0 
CC 
O- 

1,500

I— X
C10

1,000
W
Z

W Z 500W
1- I-
(/)0,

•

•  

10	 15	 20	 25

HQR ST

Fig. 13. Distribution of data collected in 1978 in relation to the steelhead
trout habitat model.

Coho salmon 

A total of 318 pools were sampled for coho salmon in eight study streams

during the 1978 low flow period. Eighty-eight percent of the study sections

fell within the 95% prediction intervals of the pool volume-coho standing crop

model (Table 7). However, the original model consisted of data from only 12

pools, whereas more than 12 pools were sampled from each stream in 1978. We

therefore developed a new relationship between pool volume and coho standing

crop based on the new set of data.

17



Table 7. A summary of the pool volume-coho standing crop relationship in
relation to the 95% prediction intervals of the coho habitat model.

Stream
Number of	 Number

sections

within

95% PI
Number below	 Number

95% PI
above

95% PI

Alder Cr. 19 19 0 0
Marlow Cr. 53 44 0 9
Green Cr. 33 31 2 0
Horse Cr. 48 44 0 4
Farmer Cr. 28 26 1 1
Devils Lake Fk. 24 14 7 3

tributaries 17 14 0 3
Cronin	 Cr. 65 60 0 5
Moon Cr. 31 29 2

Totals 318 281 (88%) to	 (3%) 27 (8%)

This data produced a good linear relationship (R 2=0.72) between standing

crop and pool volume for volumes less than 100 m 3 (Fig. 14) which is not

significantly different from the original model. Additional data is needed to

define the relationship for pools with volumes greater than 100 m 3 , however,

the very limited data which we do have, suggests a flattening off of the

relationship.

The first seven study sections of mainstem Devils Lake Fork were not

included in the above relationship since the standing crop for a given pool

volume in these sections fell much below that of the other streams and this

reach of stream is many times larger than the other streams (Table 6).

second line (R2=0.71) with a flatter slope (2.70 compared to 7.49) described

the relationship between pool volume and coho standing crop for the lower

Devils Lake Fork (Fig. 14). Thus, we have a relationship for small streams and

the beginning on one for large streams.

DISCUSSION

The purpose of this project was to develop a method which could be used to

recommend minimum streamflows for rearing salmonids in Oregon streams. W felt
	 •
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that to be of value, the technique must be incremental in nature, such that for

a given increment of flow reduction, the increment of impact on the salmonid

population could be predicted. The method would consist of two parts: 1)

model which defines the relationship between habitat and the standing crop of

a given species which that habitat could support; and 2) a hydraulic simulation

model which will predict the habitat value of a given reach of stream at any

given flow. We concentrated our effort on the development of habitat models

and planned to modify, if necessary, an existing hydraulic simulation model

such as the Water Surface Profile (WSP) model developed by the Water and Power

Resources Service (Dooley 1976).

The habitat models which we have developed meet the needs of the first

part of the technique for coho salmon and for steelhead trout in streams having

summer flows of less than 10 cubic feet per second. Additional data would be

valuable to strengthen both of these models. The habitat models for cutthroat

trout are inadequate at this time. The role of velocity in determining

cutthroat standing crop needs to be investigated under controlled conditions.

At the same time we were developing our habitat models, the Cooperative

Instream Flow Service Group (IFG) of the U.S. Fish and Wildlife Service was

developing the IFG Incremental Method to recommend minimum streamflows for each

major life history stage for stream dwelling fish. This method contains both a

habitat model (IFG-3) and a hydraulic simulation model (IFG-4) (Bovee and

Milhous 1978).

The habitat model is quite similar to the model which we originally deve-

loped for coho salmon in 1975 (Nickelson 1976), and in fact, the model which we

developed for steelhead uses probability-of-use criteria developed by IFG.

However, there is a major difference between the approach which we took to

develop the habitat models and that which IFG took.
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We collected data in the field and determined the importance of habitat

parameters based on how well they correlated with salmonid standing crop.

IFG relied on an analysis of published and unpublished data (mostly obser-

vations of fish at various depths and velocities) to determine the relative

importance of various amounts and types of habitat. They then assumed a one to

one correlation existed between their calculated habitat value and fish standing

crop (Bovee and Cochnauer 1977).

Data which we collected in 1976 and 1977 were used to test the assumption

that the weighted useable area (WUA) of a stream reach, as calculated by the

IFG Incremental Method, is correlated with the standing crop of juvenile coho

salmon, cutthroat trout and steelhead trout. 	 We found that WUA was signifi-

cantly correlated with juvenile cutthroat and juvenile steelhead standing crop

(Table 8) but explained only 27% of the variation in cutthroat standing crop

and 52% of the variation in steelhead standing crop. WUA was not significantly

correlated with juvenile coho salmon standing crop.

Cover as calculated by equations 2 (page 4) and 5 (page 8) explained a

greater percentage of the observed variation in standing crop of cutthroat and

steelhead, respectively, than did WUA (Table 8). When cover was combined with

WUA a considerable increase in correlation with steelhead standing crop was

observed. This is the relationship presented in Figure 6. This was was not

the case, however, with cutthroat (Table 8).

Pool area and pool volume explained 74% and 92% of the variation in coho

standing crop, respectively. The use of substrate in addition to depth and

velocity in the calculation of WUA for coho did not increase the correlation

(Table 8). One reason these two correlations were not significant may have

been the small sample size.
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Table 8. Correlations between habitat parameters and standing crop of
salmonids.

Species
	

Independent variable	 R2

Cutthroat	 WUAa	 0.27*
WUA * Coverb	0.30*
Cover * Area C	0.41*
Area	 0.08

Steelhead trout	 WUAa	 0.52*
WUA Coverd	0.79*
Cover * Area	 0.67*
Area	 0.12

Coho salmon	 WUAa	 0.53
WUAe	0.51
Pool Volume	 0.92*
Pool Area	 0.74*

aWUA includes depth and velocity
bSee equation 2
Wetted area

dSee equation 5
eWUA includes depth, velocity and substrate
*Significant correlations (p<0.05).

The field of water resource management needs a uniform, widely accepted

method for recommending minimum streamflows for the maintenance of aquatic

life, and in particular, valuable fisheries resources. The IFG Incremental

Method has the potential of becoming that method. It has been widely publi-

cized, and, although much improvement is still needed, it is rapidly becoming

the accepted state of the art.

A major advantage of the IFG Incremental Method is that it includes all

life history phases of a species in a single methodology. Thus, once the

surveys of a stream reach have been completed, spawning flows, incubation flows

and rearing flows for a number of species can be recommended without further

field work. The primary weakness we see in this technique, as discussed above,

is in the habitat model. We believe the habitat models which we have developed

for coho salmon and steelhead trout could help strengthen this weakness in the
	 •

IFG Incremental Method.
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We have demonstrated the importance of cover to both cutthroat and steel-

•	 head trout. Wesche (1976), Gibson and Keenleyside (1966) and McCrimmon and

Kwain (1966) have demonstrated the importance of cover to other trout species.

A quantification of cover must be included in the IFG Incremental Method. IFG

personnel are working on this problem and have very recently devised a method

to accomplish this. According to IFG, the method is still quite cumbersome and

is recommended only for users very familiar with the Incremental Method (IFG

1980). Since cover is such an important factor controlling trout standing

crop, it is important that the method be refined to allow for more general use.

We have also demonstrated that pool volume is the critical habitat para-

meter for juvenile coho salmon in Oregon coastal streams. The relationship

between pool volume and coho standing crop which we developed should be included

in the IFG Incremental Method. A summary of the advantages and disadvantages

of the IFG Incremental Method and our habitat models is presented in Table 9.

We believe that the modifications which we suggest will make the IFG

Incremental Method a viable technique for recommending minimum flows for Oregon

streams. It would be counter-productive for the Oregon Department Fish and

Wildlife to propose a totally new method for recommending minimum streamflows

in light of the recent development of the IFG Incremental Method. This method

contains both elements which we identified as being needed to recommend minimum

streamflows:a habitat model and a hydraulic simulation model. The Department

should adopt the IFG Incremental Method to reevaluate present flow recommen-

dations and to develop future recommendations.
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Table 9. A comparison of the advantages and disadvantages of the IFG Incremental Method and the habitat

models which we've developed.

IFG Incremental Method	 Our Habitat Models 

Advantages:	 Advantages: 

1. All life history phases included in one

methodology.

2. The method is becoming widely used and accepted.

1. Good correlations have been demonstrated between

habitat and standing crop for coho salmon and

steelhead trout.

2. Cover is easily evaluated.

3. The method is incremental in nature and has

predictive capabilities.	 The models are incremental in nature.

4. The method is flexible and easily allows

incorporation of new biological data.

1...)	 Disadvantages: 

1. The method needs work to develop the

relationships between habitat and standing

crop - we have found this relationship for coho

salmon and cutthroat and steelhead trout to

be poor/.

2. Cover is not easily evaluated/.

3. Presently the computer access needed to use

the method is available only in limited

locations.

Disadvantages: 

1. The models are specific for the rearing phase of

life history - other methods are available for

other phases.

2. More work is needed to develop predictive

capabilities.

3. The models have not been applied to an actual flow

recommendation.

iModifications to the Incremental Method based on our models could help minimize this disadvantage.



RECOMMENDATIONS

1. In light of the need for a uniform, widely accepted method for recommending

minimum streamflows, the Oregon Department of Fish and Wildlife should

adopt the IFG Incremental Method. This method is being widely used, has

been used in Oregon by the U.S. Fish and Wildlife Service, National Marine

Fisheries Service and at least two ODFW District Biologists, and is

rapidly becoming the accepted state of the art. Given the modifications

which we have suggested, the IFG Incremental Method will be superior to

any other method for recommending flows for Oregon streams. Adopting the

IFG Incremental Method will require that appropriate personnel be trained

in its use (a course will be conducted by IFG in Portland in August 1981).

The Department should also acquire the computer programs needed to use the

method.

2. The Oregon Department of Fish and Wildlife should reassess existing flow

recommendations with the newly developed method. Existing flow recommen-

dations on some streams are higher than the naturally occurring flows (Elk

Creek, Clatsop Co. is an example), thus damaging the Departments credibility

and ability to defend recommended flows during litigation.

3. Since the pool volume is a good predictor of juvenile coho salmon standing

crop, we recommend that the Instream Flow Service Group incorporate pool

volume into the IFG Incremental Method. Since cover is an important

factor regulating juvenile salmonid density, an easy-to-use cover evalation

technique must also be incorporated into the IFG Incremental Method.

4	 In streams containing sympatric populations of coho salmon and steelhead

trout, minimum rearing flows should be based on the trout since their

habitat is more severely impacted by flow reductions than is the salmon

habitat.
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5.	 Research should be conducted under relatively controlled conditions, (such

as in an artificial stream), on the effects of velocity on cutthroat trout

standing crop. This relationship is unclear at this time and is needed to

predict the impact of flow reductions on cutthroat standing crop.
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Appendix 1. Sampling Procedures

All Streams

Standing crop was estimated for each study section.

1. Population estimates were made by the two-pass or three-pass removal

method. Each unit of effort consisted of a pass upstream and then down-

stream through the section with electrofishers. A blocking seine was

placed at the bottom of the section and fish were collected from it at the

end of each pass. When possible, pools were seined as part of each unit of

effort.

2. Length and weight were measured for all salmonids captured.

3. Standing crop was calculated from the population estimate and the mean

weight of the fish captured.

Trout Streams

Evenly spaced cross-sectional transects were established in each study section

at 0.75-5.0 meter intervals perpendicular to the flow. Depth and velocity were

measured and cover and substrate evaluated on each transect at 50 cm intervals

for a total of at least 200 observations per study section. Stream width was

measured on each transect.

1. Depth was measured to the nearest centimeter with a meter stick or stadia

rod.

2. Velocity was measured with a Gurley meter at four tenths off the bottom for

depths of >30 cm. At depths of <30 cm a red biodegradalbe dye was used to

measure the time of travel from 25 cm above the observation point to 25 cm

below the point.

3. Cover was recorded as follows: a. Undercut banks b. Overhanging cover

(within 1 m)
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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 turbulence such that the stream bottom is

not visible.

4. Substrate was evaluated as follows:

a. Wood b. Bedrock c. Sand, silt or clay less than 2.5 mm diameter d. Small

gravel 0.25 to 2.5 cm diameter e. Gravel 2.6 to 7.5 cm diameter f. Cobble

7.6 to 15.0 cm diameter g. Rubble-boulders 15.1 to 30.0 cm diameter h.

Boulders greater than 30.0 cm diameter.

5. Width was measured recording the left and right waterlines of each stream

channel which the transect encompasses.

Coho Streams

Pool volume was measured by using a lm x 0.5 m sampling grid over each pool. On

larger pools the grid spacing was increased. A tape was placed to measure

length and then transect tapes were placed perpendicular to it at 1 m intervals.

The width was measured on each transect. Depth, cover and substrate were

measured in the same way as for trout streams at 50 cm intervals on each tran-

sect.
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