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IARY

Field investigations were implemented to study the inter-

relationships between streamflows and salmonid production during

the summer-fall low flow period in two natural stream channels.

ilk Creek, near Cannon Beach in Clatsop County, was the site

selected for intensive investigation.

Construction of streamflow control and diversion facilities

was completed in November 1973. A wooden weir and headgate

were installed on the North Fork to divert water to the West

Fork through a 30-inch corrugated metal culvert pipe.

Pre-flow control investigations were completed on four study

41/	 sections established earlier. A total of 4800 meters of stream
channel was surveyed on the two forks and permanent markers in-

stalled at 30	 intervals delineating cross sectional transects.

These transects were used to map stream channel morphometrY,

stream hydraulics, and fish cover conditions. Assessment of

salmonid populations and production was completed for each study

section.

BACKGROUND

The problem of maintaining productive natural populations

of anadromous salrionids in streams in the face of increasing

human demands for water needs little introduction. Background

information on the responsibilities of the Oregon Wildlife Com-

mission in setting streamflow standards for maintenance of



aquatic life, the agency's problems in assessing water require-

ments of fish, and the eventual expressed need for more intensive

study of streamflow requirements of salmonids is provided by

Pitney (1969) and Giger (1973a). This report deals with prelim-

inary field research into the relationships between streamflow

and salmonid production during the summer-fall low flow period.

OBJECTIVE

To determine techniques that can be used in natural streams

to estimate the influence of stream discharge on fish production.

PROCEDURES

A. Construct flow control and diversion facilities during
summer 1973, on two natural stream channels preparatory
to artificial manipulation of discharge and subsequent
measurements of effects on biota.

B. Conduct pre-flow control studies of fish and aquatic
invertebrate populations throughout the low streamflow
period of the summer-fall 1973.

C. Map stream channel morphometry, stream hydraulics, and
aquatic and streamside cover conditions at different
stages of natural discharge at the same season in the
two natural streams.

D. Acquire, develop, and test equipment and techniques to
be used in experimental dewatering and augmenting of
channel flows, and begin controlled experiments in
spring 1974.



Study Area Description

Elk Creek, Clatsop County, Oregon (Figure 1) was selected

as the site applicable to the design as outlined by Giger (1973b).

Elk Creek drains a coastal area of approximately 22 square

miles. Each of the forks, North and West, above their confluence

drain 9.7 and 9.3 square. miles, respectively, and have a minimum

summer flow averaging about 3 to 5 cubic feet per second (cfs).

Salmonid species present in their order of abundance include

coho salmon (Oncorhynchus kisutch) , winter steelhead (Salmo

gairdneri), and cutthroat trout (Salmo clarki). Also present

in Elk Creek are Cottus spp.

Flow control and diversion facilities consist of a low,

411 wood piling weir approximately 60 feet long needed to build a
sufficient head of water for diversion, a headwall structure on

one bank for support of diversion gates [valves] and pipe

(Figure 2), and an 880-foot, 30-inch asphalt coated, corrugated

metal culvert pipe connecting the two stream forks (Figure 3).

The flow control weir on the North Fork and the diversion outlet

on the West Fork are each located 0.78 mile upstream from the

confluence of the two forks. Construction of the facilities

started in October and was completed in November 1973.

Four study sections were established upon completion of a

survey of both forks. A total of 4800 m of stream channel was

surveyed on the two forks, with permanent markers installed at

30 m intervals delineating a total of 157 cross sectional tran-

411 sects. Tae pipeline and flow control facility were used as the
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FIGURE 1. Elk Creek Study Area.
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FIGURE 2. Flow control weir, headwall, and
headgate, North Fork of Elk Creek

division between the upper and lower study sections on the two

forks. Each of the four study sections was approximately 1200 m

long. Some stream descriptive characteristics in the four study

sections are compared in Table 1.
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FIGURE 3. View of pipeline connecting diversion facility
on North Fork with the West Fork.

TABLE 1. Comparison of section length, gain in surface elevation,
and gradient of the four Elk Creek study sections.

STREAM AREA
Lower
North

Upper
North

Lower
West

Upper
West

Stream Characteristics Fork Fork Fork Fork

Section length (m) 1,260 1,140 1,310 1,080
Gain in surface elevation (m) 5.53 4.20 5.34 4.52
Gradient (%) 0.44 0.37 0.41 0.42

Summer streamflows in the North Fork ranged from approximately

2 cfs to 132 cfs while West Fork flows were 3 cfs to 127 cfs.

Results of streamflow measurements appear in Figure 4.

•
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FIGURE 4. Elk Creek streamfiows for May through October 1973.

Monthly mean water temperatures ranged from 10.9°C to 13.4°C

in the North Fork as compared with 11.8°C to 12.8 C in the West

Fork. Monthly maximum and minimum stream temperatures appear in

Table 2. Water temperatures were recorded using Ryan D-30 sub-

mersible thermographs.
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TABLE 2.	 Mean daily maximum and minimum water temperatures (°C)
and the monthly mean daily temperature for June through
September 1973 in the West and North forks of Elk Creek.

West Fork North Fork

JUNE
Maximum 12.3° 11.2°
Minimum 11.3° 10.5°
Mean 11.8° 10.9°

JULY
Maximum 13.0° 13.7°
Minimum 12.6° 13.1°
Mean 12.8° 13.4°

AUGUST
Maximum 12.8° 13.5°
Minimum 12.6° 13.2°
Mean 12.7° 13.3°

SEPTEMBER
Maximum 12.3 12.8°
Minimum 12.1° 12.3°
Mean 12.2° 12.6°

TECHNIQUES

Stream Channel Morphometry and Cover

Channel morphometry and fish cover conditions were mapped for

165 cross sectional transects. The mapping included cross sectional

contour, substrate types, streambank vegetation, aquatic cover

such as logs, low tree canopy and percent open sky. These maps

could be used to predict changes in surface area and volume due

to changes in stream discharge. A map of a hypothetical transect

appears in Figure 5. The maps can also be used to compare the en-

vironmental characteristics of the four study sections (Table 3).
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FIGURE 5. An example of a hypothetical stream transect map.
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TABLE 3. Examples' of some enVironmental characteristics of four
study sections of Elk Creek in summer 1973.

Stream Characteristics

MEAN AREA
Lower
North
Fork

Upper
North
Fork

Lower
West
Fork

Upper
West
Fork

Open Sky (%) Ll 9 29 6 17
Cover Type (t)---/2

Lower tree canopy Ll 10 26 10 31
Undercut banks 4.1 1.3 2.5 2.8
Vegetative overhanging 1.1 1.1 2.7 0.9
Leaf litter 3.9 2.9 3.4 2.8
Small debris 2.3 4.8 8.9 1.6
Limbs 2.8 1.3 5.5 2.9
Logs 1.1 4.2 5.4 3.0

Substrate Type (%)
Silt 6 3 16 4
Sand 4 4 7 5
Sand/gravel 5 12 23 45
Gravel 71 19 25 20
Gravel/rubble 5 50 0 15

Based on 180° horizon sky
Percentage of stream width composed of particular cover
Canopy 0-2.5 meters above water
Percentage of stream width composed of particular substrate

Stream Hydrology

Stream hydrologic measurements were made at selected transects

in the lower North Fork at streamflows of 2.8, 12.7 and 46.5 cfs.

Measurements included water depth and velocity at intervals across

each transect, and stream width. In addition, stream width was

measured at most lower North Fork transects at six discharge levels.

Tile data collected can be used to relate surface area (Figure 6)

• 
and velocity (Figure 7) to stream discharge.
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FIGURE 6. The relationship between surface area and stream
discharge for the Lower North Fork of Elk Creek.
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FIGURE 7. The relationship between stream discharge and
velocity for the Lower North Fork of Elk Creek.

Fish Populations

Population estimates obtained in a section of the lower North

Fork by three methods were compared in July. The methods compared

were a Petersen estimate by electrofishing, a Petersen estimate by

electrofishing plus seining, and an estimate from temporary popu-

lation removal (Ricker, 1958). It was concluded that the estimate

obtained by removal (N = 300 fish) substantially underestimated
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population size. Water volume in pools was to great for easy

removal of the proportion of the population necessary for this type

of estimate. Petersen estimates obtained by electrofishing

(N = 735 fish) and by electrofishing plus seining (N = 870 fish)

were not greatly dissimilar, however, the latter method provided

many more fish for growth studies and a reduction of confidence

limits on population size.

Subsequently the Bailey modification of the Petersen method

(Ricker 1958) was used with electrofishing and seining. By this

method:

N = m (C	 1) 
R + 1

where:	 N = the population size at time of marking;
m = the number of fish marked;
C = the sample taken for census; and
R = the number of recaptured marks in the sample.

Salmonid populations were studied in four 300-meter study

areas, one in each stream section. Population size and biomass

estimates were made in each area in late July and early September.

Production during this 1 1/2-month period was estimated for each

study area.

Fish biomass was estimated by multiplying the mean weight of

a fish at a given time by the estimated population size at that

time. Production estimates were calculated by averaging the July

and September biomasses arithmetically and then multiplying the mean

biomass by the instantaneous growth rate (G) of the fish. Instan-

• taneous growth rate is estimated by:
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G= log
e

- log
e

t 2

Where:	 W and W are the mean weights of the fish
2	 1

at times t and t 	 , respectively (Chapman 1968).
2	 1

Production estimates for juvenile coho salmon in Elk Creek

are given in Table 4. Confidence limits on estimates of stock

numbers were fairly narrow, reflecting the high proportion of the

populations initially marked. Estimates of trout production were

more questionable due to their smaller population.

Invertebrates

Benthos 

Fabrication of the benthic sampler (Figure 8) as described

by Neill (1938) with modifications was completed. A designed

sampling program of benthic invertebrates was not initiated this

year, as emphasis was placed on field testing the sampler for its

effectiveness.

The sampler cylinder and exit channel are aluminum with a

section of copper screening inserted and soldered to the cylinder

wall. This allows the stream current to pass through the sampler,

washing the dislodged invertebrates into the terminal collecting

gear. Number 6 bolting cloth is attached to the exit channel and

both ends of the plexiglass tubing using hose clamps. This benthic

• sampler samples an area of approximately 0.05 square meters.



TABLE 4. Production of juvenile coho salmon from late July
in four 300-meter sections of Elk Creek, Oregon.

to early September 1973,

Mean Inst. Stock Mean
Stream Weight Growth Stock Biomass Biomass Production
Area Date (g) Rate Numbers (kg) (kg) (kg)

Lower July 18 3.27 724 2.37
0.49 2.87 1.40

N. Fork Sept.	 4 5.35 629 3.37

Upper July 26 3.76 1,123 4.22
0.32 4.64 1.48

N. Fork Sept.	 5 5.16 979 5.05

Lower July 24 3.80 492/1 1.87
0.38 2.68 1.02 H

W. Fork Sept. 6 5.58 626 3.49 o

Upper July 31 4.00 513 2.05
0.42 2.27 0.95

W. Fork Sept.	 10 6.07 409 2.48

LI Estimate is probably low due to sampling difficulties.
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FIGURE 8. Benthic sampler used in Elk Creek.

Drift

Fabrication and field testing of the drift nets (Figure 9)

was completed. A designed sampling program was not initiated this

year, as field testing the equipment was emphasized.

FIGURE 9. Drift net used in Elk Creek.
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A type K, painted rigid copper tubing was used as the frame

to which #6 bolting cloth is attached. Terminal collecting gear

consists of plexiglass tubing with cod end of #6 bolting cloth

attached using a rubber band. Position in stream is maintained by

sliding a metal rod through the copper tubing and forcing it into

the streambed. Holes drilled at the corners allow the option of

a vertical set if water depth requires it. Maximum sampling area

for the drift net is 0.06 square meters.

All invertebrate samples were placed in a 70 percent ethanol

solution for later identification.

CONTINUING RESEARCH

On the basis of the data collected and the techniques tested

during investigations reported herein, a sampling program was

designed to study the effects of reduced streamflow on juvenile

salmonid production. The diversion facilities are to be used to

study summer flow reductions of 0, 25, 50, 75 and 100 percent (%)

over a period of 5 years. The first season of data collection

following this design began in June 1974 using no reduction of

flow (0%).

•
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