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Controlled flow reductions of 75% apportioned over

four two-week intervals were studied during the summers of

1975 and 1976 on the North an Oregon

coastal stream. The effects of reduced flows on inverte-

brate drift, insect benthos, and the available food for

juvenile salmonids were measured.

Invertebrate drift showed a two-phased pattern from

reduced flows. This was: 1) a decrease in drift

immediately following flow reductions, and 2) an increase

in drift after a two-week interval. Chironomid larvae and

Baetis nymphs were the dominant taxa in the drift.

The riffle benthos was sampled by artificial substrate

and Hess samplers, while the pool benthos was sampled with

a core sampler. Benthes density and biomass were not sig-

nificantly affected by reduced flows. Differences between

the artificial substrates and Hess samples were observed,



with artificial substrates generally collecting more but

smaller invertebrates than Hess samples. Greater numbers

and biomass of invertebrates were collected in the pools

than in the riffles.

Stomach samples from 99 age 0+ coho (Oncorhynchus

kisutch) showed they fed primarily on subsurface drift

until the end of the lowest experimental flow, when their

diet changed to surface foods. This change in diet coin-

cided with a decrease in subsurface drift. Fifteen age 1+

cutthroat (Salmo clarki) also fed primarily on surface

foods during the lowest flow. Only age 0+ cutthroat fed

mainly on subsurface food during the lowest flow, possibly

because they were restricted to riffle areas while 0+ coho

and 1+ cutthroat inhabited pool areas.

Overall, the effects of reduced flows were minor.

Flooding during the study and variability of the data pre-

cluded definitive results.
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EFFECTS OF CONTROLLED FLOW REDUCTIONS ON THE
INSECT COMMUNITY OF AN OREGON COASTAL STREAM

INTRODUCTION

Man's use of water has increased in recent history.

In Oregon, irrigated lands have increased from 260,000 ha

in 1930 to 785,000 ha in 1975 (Loy, 1976). Industrial uses,

plus dams for hydroelectric power or flood control have

also placed increased demands on freshwater. The brunt of

these demands have fallen on our streams and rivers, often

the same streams and rivers that provide important sport

and commercial fisheries.

As a result of these increased demands for freshwater,

the Oregon Department of Fish and Wildlife initiated a

study to find methods for evaluating the effects of reduced

streamflow on fish production. Considered to be of parti-

cular significance was the effect of reduced streamflow,

during the summer low-flow period, on the survival of

juvenile salmon and trout (Giger, 1973).

There are obviously many facets to the problem of re-

duced streamflow and juvenile salmonid survival. The

effects on aquatic insects, the primary food source of

salmonids, was a facet that needed attention. Therefore,

during the summers of 1975 and 1976 I studied the effects

of controlled flow reductions on the insect community of
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Elk Creek, an Oregon coastal stream near Cannon Beach,

Clatsop County.

My objectives were:

1. To determine the effects of decreased streamflow

on the availability of insects as fish food.

2. To determine the effects of decreased streamflow

on the species composition of aquatic insects

found in the stream.

3. To determine the effects of decreased streamflow

on insect biomass and population densities during

the summer low-flow period.
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METHODS AND MATERIALS

Description of Study Area

Stream data were collected from the North Fork of Elk

Creek, which, after joining the West Fork, enters the ocean

at Cannon Beach, Clatsop County, Oregon. The North Fork

drains 25.1 km2
of mainly sitka spruce (Picea sitchensis

Carr.) and western hemlock (Tsuga heterphylla Sarg.) last

logged 20 to 25 years ago. Along the stream bank red alder

(Alnus rubra Bong.) predominates, often forming a dense

canopy.

The North Fork study site started at its confluence

with the West Fork, and continued upstream to a flow diver-

sion weir, a distance of 1200 m (Figure 1). A control site

was located above the weir where no flow manipulation

occurred.

Elk Creek is a low gradient stream (0.44%) 2 to 10

meters wide, characterized by slow long pools of 10-40 m,

separated by shallow riffles 5-15 m long with an average

summer low flow of 113 9 /sec. The substrate is primarily

gravel with some silt and sand in the pools. Heavy growth

of alder formed a complete canopy in the lower two-thirds

of the study area, while the upper one-third was more open.

Figures 2 and 3 show the flows above the weir for the sum-

mers of 1975 and 1976 respectively.
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Flow Regimes

Four different flows were studied during each of the

two summer sampling seasons (Table 1). The sample seasons

lasted from July 1 to September 12, in 1975 and from July 1,

to September 26, in 1976. Each experimental flow was main-

tained for two weeks, after which it was adjusted to the

next lower level. The flow was checked daily and minor

adjustments made if necessary. As shown in Table 1 the

maximum flow reduction was 75% of the initial flow in both

years. The actual streamflows studied, however, were higher

in 1976. This was the result of generally higher flows

above the weir during the summer of 1976, and limitations

of the diversion facility in 1976 because of damage it

received during the winter.

In 1975 the flows were changed to the next level two

hours before sunset, while in 1976 the flows were changed

at approximately 13:00 hrs. This was due to different fish

stocking procedures in 1975 and 1976. Adjusting the flow

took 30 to 45 minutes, plus another 60 to 90 min for the

new flow to show an effect at the lowest section of the

1200 m study area.

Flow control was provided by diverting water from the

North Fork to the West Fork. Diversion of the North Fork

was regulated by an 18 m long wood piling weir, plus a

headwall for support of flow values and pipe. A 268 m

metal culvert pipe, 76 cm dia. connected the two forks.



Table 1. Experiment number and corresponding dates,
initial flow studied in 19.7.5. and 1976.

flows, and percent decrease from

Experiment
Number Dates

Flows %

(1/sec)
decrease from
initial flow

8 - 23 July 84 0

TT 24 July - 6 August 63 25
1975

TTT 7 - 20 August 42 50

IV 5 - 19 September 21 75

I 14 - 28 July 168 0

II 29 July - 11 August 112 33
1976

III 25 August - 8 September 63 63

IV 15 - 29 September 42 75

CO
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Both the diversion inlet on the North Fork, and the diver-

sion outlet on the West Fork were 1.26 km upstream from the

confluence of the two forks (Keeley and Nickelson, 1974).

During the winter of 1976 high flows washed out a

large section of the diversion weir. Repairs were made in

the spring of 1976 by installing a simpler structure of

rock filled gabions covered with heavy plastic.

High flows during the summer also caused problems.

Twice in 1975 and four times in 1976, heavy summer rain-

falls raised streamflows beyond the capacity of the diver-

sion facility. This caused flows in the study area to rise

well above the set experimental flows. After each of these

floods the flows receded in one to three days; the experi-

mental flow was set back to its required level, and that

two week experiment restarted. These floods resulted in

fewer flows being studied than were originally planned.

Physical and Chemical Measurement

In 1975 the following parameters were measured during

the summer study period; 1) air and water temperature,

2) dissolved oxygen, 3) pH, 4) total alkalinity, and

5) dissolved carbon dioxide. In 1976 equipment problems

enabled the measurement of only air and water temperatures

and dissolved oxygen. In 1975 measurements were taken once

every week, while in 1976 they were taken at the end of

each two-week experiment. The water samples for the
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measurements were taken from the middle of the pools in

each study section. Measurements were made using a Hach

kit (model DR-L) following the directions supplied with the

kit. Table 2 shows the data collected for 1975 and 1976.

Drift Samples

Drift nets were made of a copper tubing frame, to

which was sewn a pyramid-shaped net of #6 bolting cloth

(0.333 mm mesh),60 cm long (Figure 4). A plexiglass tube

was fitted into a vinyl collar at the end of the net and

held on by rubber bands. A cod end of #6 bolting cloth,

also held on by rubber bands, covered the open end of the

tube. The drift net was held in the stream by sliding

steel rods through the copper tubing into the substrate.

Each net was 20 x 30 cm for a maximum sampling area of

0.06 m2 .

Drift samples were collected in 1975 and 1976 study

seasons, but results were tabulated only for the 1975

samples because of problems encountered in 1976. First,

clogging of the drift nets with organic debris, causing

substantial backwash, was only an occasional problem in

1975, but in 1976 it was a continuous problem, particularly

for the eight to twelve-hour overnight samples. This

seemed to be the result of increased algal growth in 1976.

Second, heavy rains and flooding of the study sections,

while a problem in both years, occurred four times in 1976



Table 2. Mean values of physical and chemical parameters measured in each experiment
in 1975 and 1976.

Parameter Year Exp I Exp II Exp III Exp IV

Air Temp. (C)

Water Temp. (C)

Dissolved oxygen
(mg/1)

pH

Total alkalinity
(mg/1 CaCO3)

Carbon dioxide
(mg/1)

1975

1976

1975

1976

1975

1976

1975

1975

1975

18.3

16.7

14.1

14.7

9.3

10.5

7.1

25.3

9.7

15.5

16.6

15.1

14.4

9.3

10.3

7.0

21.5

9.8

15.5

11.1

14.7

13.8

9.1

9.1

7.0

21.8

10.5

16.5

13.9

7.6

6.8

20.4

6.7
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Figure 4. Drift net design used in Elk Creek.
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as compared to twice in 1975 (Figs. 2 and 3). The flooding

was heavy enough to substantially move and reshape the

gravel substrate, thus increasing the possibilities of high

insect mortality due to scouring, and high drift rates

(Hoopes, 1974; Dimond, 1967). This has obvious effects on

the interpretation of the drift estimate. Finally, the

time and money available for sample analysis was limited,

and it became apparent that some samples could not be

analyzed.

Drift samples were taken at seven sampling sites in

1975 with one site above the weir as a control. Two drift

nets were stationed at each sample site. They were

positioned at the tail of a riffle, one-fourth and one-half

the distance across the stream.

Drift samples in 1975 were collected over three time

periods. These were: 1) a two hour sample ending at sun-

set, 2) an overnight sample from sunset to sunrise, and

3) a two hour sample beginning at sunrise. Samples were

taken at the beginning and end of each two week experiment.

Day drift samples were not taken because of stream distur-

bance from other sampling activity. After each sample

period the drift nets' contents, including debris, were

emptied into jars containing 80% ethyl alcohol, and stored

for later analysis.

At each experimental flow, depths and velocities were

taken at the mouth of each drift net. Depths were measured
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with a stadia rod to the nearest 0.5 cm. Flows were

measured with a dye technique. The dye, Rodamine B, was

diluted with water in a squeeze bottle. A small amount of

the dye solution was then squirted into the stream and a

stop watch measured the time to the nearest 0.1 sec. for

the dye to travel half a meter. Although pigmy Gurleys

were available, the dye method seemed more accurate in

estimating stream velocities in shallow fast riffles. The

depths and velocities were then used to compute the volume

of water per hour flowing through each drift net.

Artificial Substrates

Different designs of artificial substrates have been

used to sample benthic macroinvertebrate communities

(Cummins, 1962). The design used in this study was similar

to that described by Hughes (1975). A rectangular basket

40 x 30 x 10 cm was formed from 1.3 cm mesh screen. Within

this frame twelve, 10 cm2
strawberry baskets, also with a

1.3 mesh, were placed (Figure 5).

The baskets were filled with gravel, which was taken

from the stream bed near the sampling site. After placing

the filled strawberry baskets in the frame, the apparatus

was buried in the stream bottom so the tops were flush with

the natural substrate. The artificial substrates were

placed in the stream two weeks before the beginning of the

summer sampling period, and remained in place for the

duration of the four experimental flows.



Artificial Substrate
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15

Top view of Artificial
Substrate Sampler
Figure 5. Artificial substrate sampler used in Elk Creek.
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In 1975, six samplers were located in each of three

riffles. Two of the riffles were located in the study sec-

tion; one was covered by a heavy canopy of alder, while the

other was open. The third riffle was above the weir as a

control area. The location of the six samplers within each

riffle was determined by stratifying the riffle into six

areas of different depths and velocities, and by subjective

judgement. Because the flows would be decreased approxi-

mately 75% by the end of the experiments it was impossible

to predict how the morphology and resulting depths and

velocities of the riffles would change. Therefore some of

the samplers were located in areas that would likely remain

watered, while others were located in areas that would dry

up.

In 1976, 14 artificial substrate samplers were

utilized, with half of these in a study section and the

others above the weir in the control section. Both

riffles had a heavy canopy of alder and a similar loose

gravel substrate. The method of determining the placement

of samplers within each riffle was the same as in 1975.

Artificial substrate samples were taken at the end of

each two week experiment. Samples were taken by removing

two adjacent plastic baskets from each wire basket. This

gave a 0.002 m3 sample. A net was held behind the con-

tainers as they were removed to catch any dislodged insects.

The contents of the baskets were then emptied into a white
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enamel pan and sorted by hand to remove all large insects.

The stones were then cleaned and the remaining contents

poured through a 0.333 mm mesh net. The insects were

stored in 80% ethyl alcohol for later analysis. The bas-

kets were refilled with the same gravel and placed back

into their original location. A different set of baskets

were removed from each sampler on each sampling date.

Depths and velocities were measured at each location

on each sampling date. Depths were measured with a stadia

rod to the nearest 0.5 cm, at the center of each artificial

substrate. Velocities were measured by the same dye proce-

dure described for the drift samples. The velocity

measurements were taken across the center of each artifi-

cial substrate.

Hess Samples

In 1975, benthos samples were also taken with a Hess

sampler similar to one described by Neill (1938). The

sampler consisted of an aluminum cylinder and exit channel,

with a copper screen soldered to the front cylinder wall.

Terminal collecting gear of #6 bolting cloth was connected

to the exit channel and to both ends of a plexiglass tube.

Hess samples were taken at the beginning, middle, and

end of the summer study period. All samples were taken on

the downstream side of the artificial substrates by pushing

the sampler into the substrate approximately 10 cm and then
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washing and stirring the enclosed material to a similar

depth. Insects and debris were removed and stored in 80%

ethyl alcohol. Each Hess sample enclosed 0.05 m 2
of stream

bottom.

Pool Samples

After the 1975 sampling season it was apparent that

the surface area of pools greatly increased in proportion

to the surface area of riffles as the flows decreased.

Therefore, in 1976 a method for quantitatively sampling

pools was designed. One pool in the study area and one

above the weir for a control, were sampled. Both were

located directly below riffles containing artificial sub-

strate samplers.

The pool sampler was a simple coring device made from

an aluminum can 12 cm in diameter. The can was pushed 15

cm into the substrate, and then a square steel plate was

inserted under it. The can was removed from the stream

bed, raised to the surface, and its contents placed in an

enamel pan. The insects were hand sorted from the debris

and placed in 80% ethyl alcohol.

Three samples were taken in each pool at the end of

each two week flow experiment. The pools were stratified

according to substrate with samples taken from: 1) sand,

2) gravel, and 3) organic debris. The pools remained over

2 m deep throughout the summer so a wet suit was worn to
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take the samples. Kirchner (1974) describes a similar

method for sampling the pool benthos.

Floating Traps

Floating traps were designed to estimate the numbers

and kinds of surface insects. These were plastic trays

40.6 x 30.5 x 5.1 cm, sampling an area of 0.124 m2. Foam

plastic was cut to fit around the outside of the trays so

they floated one to three cm above the surface. The trays

were filled with water and small amount of surfactant (RB

11 commercial spreader), causing anything alighting to

quickly sink and drown. The trays were painted a dirty

brown to depict the color of the natural substrate, and

reduce any bias by attracting or repelling the insects.

Four floating traps were utilized in this study; two

in a riffle and pool under a heavy canopy, and two in a

riffle and pool under a sparse canopy, all in the study

area. These were sampled weekly, with the number of adult

aquatic and terrestrial insects recorded. After each

sample the trays were emptied and refilled with the surfac-

tant mixture.

Sample Analysis

Fluorescent dyes, bubblers, and floatation solutions

are among the methods used for sample sorting (Anderson,

1959; Swanson and Thornsberry, 1975; Williams, 1974, Pask,
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1971; Kingsbury and Beveridge, 1977). Common among all

these methods, however, is a decreased efficiency for re-

covery of small insects (<3 mm), insects with mineral

cases, or insects collected with a large amount of plant

material. In the present study, hand sorting was necessary

for the majority of samples because of the large number of

small insects and large amounts of plant material collected

in the samples. Salt floatation was used to separate the

insects from the debris of samples with large amounts of

sand and gravel and little or no plant material. The

sample was poured into a beaker containing a super-

saturated solution of calcium chloride. After the sample

was stirred vigorously, the floating insects were poured

through a fine sieve. The stirring was repeated until no

more insects floated up from the debris. The insects were

then washed from the sieve and separated by order. Finally,

the debris was checked under a microscope for any remaining

insects.

After a sample was sorted, the insects were keyed to

the lowest taxonomic level possible. Because most of these

insects were early instar larva few could be identified to

species and the majority were keyed to genus. The length

(head to tip abdomen) for each individual of a taxonomic

group was then measured to the nearest 0.5 mm. These size

classes were later used to compute dry weight, by develop-

ing length - weight regression equations (Appendix Table
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1). The data were then typed onto data punched cards for

computer sorting with a Fortran program on a CDC 3300 com-

puter.

Fish Stomach Samples

Fish stomach samples were taken to determine the

effect, if any, of reduced streamflow on feeding habits

and food availability. Fish were collected either with a

10 m hand sieve or a Smith-Root backpack shocker. The

species were coho salmon (Oncorhynchus kisutch) age 0+, and

cutthroat trout (Salmo clarki) age 0+ and 1+. In 1975 only

age 0+ coho salmon were collected. In 1976 both coho and

cutthroat trout were sampled.

All age 0+ fish were placed directly into labelled

jars with 80% ethyl alcohol. For age 1+ fish, the alimen-

tary canals were removed and tagged with an identification

number, and preserved in alcohol.

In the laboratory, fish stomach contents from the

esophagus to the end of the intestine were removed. The

insects were sorted to order and identified to family and

genus when possible. The length of individual organisms

was also measured if possible.
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RESULTS

Drift Samples

Variability of the drift data, possibly due to natural

variation or flooding during the study, made interpretation

of the drift results problematical. Therefore, the drift

results are limited to a description of the major trends in

drift rates and densities. Provided at the end of this

section is a summary of the observed patterns in the drift.

Composition of the Drift

Ninety taxa in four classes of arthropods were identi-

fied from the drift between July 8 and September 19, 1975

(Appendix Table 2). Diptera and Ephemeroptera were by far

the most abundant orders, making up 51% and 27% of the

drift, respectively. Within these two orders, chironomid

larvae were the most abundant Diptera, comprising 29% of

total drift, while of the Ephemeroptera, Baetis nymphs made

up 18% of the total drift. The remaining taxa had a much

lower percentage, and interestingly, Hydracarina and

Copepoda were the next most abundant orders, comprising

6.9% and 6.6%, respectively. Bishop and Hynes (1969) also

found Hydracarina and Copepoda as significant components of

stream drift in their study of the Speed River, Ontario.

The other major orders were Plecoptera (4.0%) and
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Coloeoptera (1.5%). Trichoptera made up only 0.62% of the

drift.

Effect of Flow Reduction on Drift Rate

The drift rate equals the number of insects passing

through a drift net per unit time (Elliott, 1967a). In

this study, it has been computed as the number of insects

per hour. Drift rates were computed for the evening, over-

night, and morning samples at each of the seven sample

locations, for the beginning and end of each experimental

flow (Appendix Table 3). To provide better estimates of

the drift rate in the study section, the samples from the

six study locations were combined, and the mean drift rates

compared with the drift rates from the control section.

The Friedman two-way analysis by ranks was used to deter-

mine that there was no significant difference between drift

rates of the six study sections before they were combined

(Elliott, 19'71).

Streamflows were reduced during the evening sample at

the beginning of each experiment. Therefore, the evening,

overnight, and morning samples taken at the beginning of

each experiment show the immediate effects of reduced

streamflows on drift rate; samples taken at the end of each

experiment show the two-week effects of reduced flows on

drift rate.
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The evening and/or morning samples generally had

higher drift rates than the overnight samples in both the

study and control section (Figure 6). This peak in drift

rate at sunset and sunrise is a common phenomenon also

found by other investigators (Waters, 1962, 1965; Elliott,

1967b; Chaston, 1968).

By combining the evening, overnight, and morning

samples into beginning and end drift rates for each experi-

ment, a clearer picture of the changes in the drift rate

can be seen (Figure 7, Appendix Table 4). There was no

significant difference (P > 0.05) in the total drift rate

(beginning plus end) between experiments for either the

study section or the control section. Drift in the control

section was, however, significantly higher (P < 0.05) than

in the study section within each experiment.

While not able to test the significance, differences

between the study and control section occurred if the

beginning and end of each experiment are considered

separately (Figure 7). The drift rates in the first three

experiments in the study section increased within each two-

week experiment. When the flow was reduced at the beginning

of each experiment, the immediate effect was a decrease in

drift rate relative to the end sample of the previous

experiment. This is the opposite of the results reported

by Minshall and Winger (1968), who found increased drift

immediately following flow reductions. The drift rates in
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Experiment IV, however, increased slightly immediately fol-

lowing the flow reduction and then decreased after two

weeks. Floods, which occurred prior to the fourth experi-

ment, may have affected these drift results.

Changes in the beginning and end drift rates in the

control section were opposite of the pattern in the study

section except in Experiment IV. Thus the drift rates

dropped within each experiment, and increased at the

beginning of each experiment relative to the end sample of

the previous experiment. It is not known why the beginning

drift rates increased above the end rates of the previous

experiment when there was no change in flow.

Effects of Flow Reductions on Drift Density

Drift density equals the number of insects per volume

of water passing through a drift net. This was computed

as numbers per 100 m3
of water, using the following equation

adapted from Elliott (1967b):

Total' Catch. for SampleD x 100VT

where "D" equals drift density, "V" equals the volume of

water passing through the net in m3/hour, and "T" equals

the length of the sample in hours. Appendix Table 5 lists

the drift densities for the evening, overnight, and morning

samples at the beginning and end of each experiment. The

Friedman two-way analysis by ranks was used to compare
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differences in drift density between the six study sections.

No significant difference (P > 0.01) between drift densi-

ties of the six study sections was found, so these were

combined to provide better estimates of the drift density

in the study section. These mean drift densities were com-

pared with the drift densities of the control section.

The evening, overnight, and morning samples showed the

same pattern in both the control and study section, with

the evening and/or morning drift densities generally higher

than the overnight densities (Figure 8). This was the same

pattern as observed for the drift rates (Figure 6).

In the study section, drift densities increased from

the beginning of Experiment I to a peak at the beginning of

Experiment IV (Figure 9, Appendix Table 6). Densities at

the end of Experiment IV dropped approximately 66%, which

may be due to the effects of flooding. In the control

section, drift densities increased from the beginning of

Experiment I to a peak at the beginning of Experiment III,

and then decreased to a low at the end of Experiment IV.

Changes in drift density immediately following flow

reductions in the study section were slight decreases, as

shown between the end of Experiments I and II and the

beginning of Experiments II and III, respectively. The

immediate change after the fourth flow reduction, however,

was an increase in drift density of 64%. The two-week

effect of changes in drift density were increases for the
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first three experiments. The fourth experiment decreased,

showing the opposite pattern.

In the control section, increases in drift density

occurred between the end of one experiment and the beginning

of the next. This was the opposite of the pattern seen in

the study section, except for Experiment IV. The changes

within each experiment in the control section decreased

from the beginning to the end, except in Experiment I.

This was again the opposite of the study section.

Effects of FlOW 'Reductions' BibMAtt. in Drift

Ten taxa chosen to estimate drift biomass were abun-

dant throughout the study period and constituted 80% of the

total number collected in the drift (Table 3). The cal-

culated values are slight underestimates but the remaining

taxa would have only a small effect on total biomass or

changes in biomass during the study because of their small

numbers, and the infrequent occurrence of large individuals.

Tables 4 and 5 show the percent of the total numbers and

total calculated weight, respectively, for each taxa at the

beginning and end of each experiment. The total biomass at

the beginning and end of each experiment was computed by

adding the weight of each taxa from the evening, overnight,

and morning samples together. The six study sections were

added together and the resulting mean biomass compared with

the control section.



Table 3. Taxa used for computing the biomass in the drift with their relative abun-
dance and weight (A = adults; P = pupae; L = larvae or nymphs).

No.
collected

% of
total no.

Weight
(mg)

% of total
calculated weight

Baetis (L) 3156 18.0 198.67 25.9

Centroptilum (L) 578 3.4 30.68 4.0

Paraleptophlebia (L) 271 1.6 27.04 3.5

Alloperla (L) 376 2.2 50.45 6.6

Acroneuria (L) 117 0.7 2.74 0.4

Chironomidae (L) 4975 29.0 192.68 25.1

Chironomidae (P) 1061 6.2 21.19 2.8

Chironomidae (A) 977 5.7 19.35 2.5

Hydracarina 1184 6.9 132.07 17.2

Copepoda 1137 6.6 93.27 12.0

Total 13832 80.5 727.64 100.0



Table 4. Percent of the total number in the drift for the ten major taxa at the
beginning and end of each experiment for the study and control sections
(A = adults; P = pupae; L = larvae or nymphs).

Taxa
Exp I Exp II Exp III Exp IV

Beg. End Beg. End Beg. End Beg. End

Baetis (L)

Centroptilum (L)

Paraleptophlebia (L)

Alloperla (L)

Acroneuria (L)

Chironomidae (L)

Chironomidae (P)

Chironomidae (A)

Hydracarina

Copepoda

study 5.7 8.4 9.8 27.0 16.0 21.0 24.0 6.9
control 6.2 5.1 14.0 18.0 34.0 22.0 15.0 13.0

study 1.3 1.1 1.8 3.2 3.5 7.1 6.1 0.61
control 1.5 0 2.1 5.3 0.95 4.0 3.6 0.28

study 4.6 3.6 0.64 1.2 0.86 1.1 0.43 3.4
control 1.3 0 0 0.57 0 0.5 0.39 1.9

study 15.0 4.6 1.6 0.64 0.2 0.77 0.18 1.9
control 0.73 0.41 0.25 0.3 0.48 0.75 0 0.45

study 0.93 0.67 0.28 0.64 0.65 0.55 0.47 2.9
control 0 0 0 0 0 0.56 0.13 0.66

study 14.0 24.0 31.0 26.0 42.0 23.0 25.0 24.0
control 11.0 38.0 35.0 57.0 23.0 35.0 32.0 17.0

study 4.3 5.5 7.2 7.6 6.6 4.9 25.0 3.1
control 8.4 7.9 6.5 5.3 14.0 12.0 11.0 8.6

study 4.5 11.0 12.0 1.7 2.2 1.4 1.5 1.4
control 6.6 28.0 14.0 2.0 7.7 5.6 3.8 5.5

study 0.15 1.2 4.3 8.7 8.6 7.7 4.1 12.0
control 0 0 0.89 0.57 3.8 4.3 9.2 7.9

study 0 0.17 1.0 2.0 4.1 7.7 6.6 14.0
control 0 0 0.64 1.1 5.7 6.7 10.0 3.8



Table 5. Percent of the total calculated weight for the ten major taxa in the drift
at the beginning and end of each experiment for the study and control
sections (A = adults; P = u ae; L = larvae or n hs).

Taxa
Exp Exp II Exp III Exp IV

Beg. End Beg. End Beg. End Beg. End

Baetis (L)

Centroptilum (L)

study 31.0 46.0 21.0 32.0 14.0 17.0 22.0 10.0
control 47.0 23.0 33.0 4.6 31.0 33.0 13.0 45.0

study 3.0 1.5 3.5 3.8 4.7 9.2 6.4 0.54
control 11.0 0 5.6 19.0 4.6 2.3 2.1 2.4

Paraleptophlebia (L) study 8.8 6.5 1.0 1.3 1.5 1.1 2.2 8.6
control 8.3 0 0 0.27 0 0.40 0.13 5.3

Alloperla (L)

Acroneuria (L)

Chironomidae (L)

Chironomidae (P)

Chironomidae (A)

Hydracarina

Copepoda

study 39.0 6.8 1.6 2.0 0.13 1.2 0.67 0.80
control 5.2 5.8 1.8 0.17 0.52 3.2 0 0.35

study 0.62 0.55 0.22 0.34 0.27 0.52 0.14 0,72
control 0 0 0 0 0 0.14 0.03 0.15

study 13.0 27.0 38.0 23.0 38.0 20.0 22.0 16.0
control 22.0 51.0 41.0 65.0 23.0 27.0 28.0 13.0

study 1.8 2.9 4.7 3.7 3.0 2.3 1.4 1.0
control 3.8 4.3 2.4 3.6 4.4 3.5 3.8 2.2

study 2.0 5.2 7.4 1.0 0.64 0.57 0.50 0.52
control 2.6 0.16 10.0 1.2 2.8 2.0 1.9 1.5

study 0.3 4.0 18.0 27.0 29.0 26.0 18.0 30.0
control 0 0 3.9 2.6 15.0 11.0 26.0 23.0

study 0 3.2 4.9 6.0 8.6 22.0 26.0 31.0
control 0 0 2.0 3.8 18.0 18.0 25.0 6.9 w

.A.
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The immediate change in the mg/hr of drift in the

study section was again a reduction. This is shown by

comparing the end drift rates of Experiments I, II, and III

with the beginning drift rates of Experiments II, III, and

IV, respectively (Figure 10). In each case, the beginning

drift rates were lower. By comparing the beginning and

end drift rates within each experiment, the two-week

changes in drift are seen. In Experiments II and III, the

drift increased during the two weeks, while the drift

decreased in Experiments I and IV.

The same comparisons in the control section show dif-

ferent results. Even though flows did not change in the

control section between the end samples of Experiments I,

II, and III and the beginning samples of Experiments II,

III, and IV, respectively, the beginning samples were

higher. The two-week changes in drift rates in the control

section were similar to the changes in the study section

for Experiments I, III, and IV. Only Experiment II dif-

fered between the two sections.

The general pattern of biomass (mg/100 m3) drifting in

the study section showed increases from the beginning of

the second experiment to the beginning of the fourth, while

slight decreases occurred between the beginning and end of

Experiments I and IV (Figure 11). The control section,

however, increased sporadically from the beginning of

Experiment I through the beginning of Experiment II, with
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the end samples being less than the beginning samples

From the beginning of Experiment III to the end of Experi-

ment IV, the drift density in the control section decreased.

The immediate change in the density of biomass drift-

ing in the study section was an increase between the second

and third and third and fourth experiments, while a slight

decrease occurred between the first and second experiments.

The two-week changes in drift density in the study section

showed increases within Experiments II and III, and de-

creases within Experiments I and IV.

In the control section, drift densities increased be-

tween the end of one experiment and the beginning of the

next. The two-week changes in drift density in the con-

trol section decreased within each experiment except the

first.

Summary of Drift Patterns Between
Control and Study Sections

The drift data (numbers and biomass) shows considera-

ble variation especially in the control section where flows

followed natural changes. This variability may be due to

natural variation or to environmental conditions not

measured in this study. As a result, the definitive

effects of reduced flows on drift cannot be determined from

this study.

Different patterns in the immediate and two-week

changes in drift rates densities, however, occurred between
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the study and control section (Table 6). In Experiments II

and III the immediate change in drift in the study section

was a decrease, while that in the control section was an

increase. This trend occurred for seven of the eight drift

measurements in these two experiments -- that is, irrespec-

tive of whether the data were expressed as numbers or bio-

mass, or as drift rate or drift density. The flood that

occurred before Experiment IV may have affected insect

populations so that this pattern is not repeated. The

apparent immediate decrease in drift in the study section

during Experiments II and III, may have resulted from

reduced flows causing initial stranding of insects and

thus lowering drift.

Comparing the two-week changes in drift during Experi-

ments I, Il, and III shows that drift in the study section

increased, while that in the control section decreased in

eight of the twelve drift measurements. The changes in the

drift were again similar in the study and control section

in Experiment IV. This apparent two-week increase in drift

in the study section may have resulted from the immigration

of stranded insects to watered areas, increasing the

benthos density and thus increasing drift.

The consistent differences in drift between the study

and control sections prior to Experiment IV suggests the

changes in the study section were due, at least in part, to

the effects of reduced flows. This is based on the



Table 6. Summary of the immediate and two-week effects of reduced flows on the drift
in the study and control sections by experiment (D = decrease; I = increase).

Drift Section

Effects of flow reductions
Immediate Two-week

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

No./hr study D D I I I I D

No./hr control I I I D D D D

No./100 m3 study D D I I I I D

No./100 m3 control I I I I D D D

mg/hr study D D D D I I D

mg/hr control I I I D D I D

mg/100 m3

mg/100 m3

study

control

D I I D I I D
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assumption that the control section reflected the natural

changes in drift in the study section. Unfortunately, pre-

treatment data comparing the study and control sections

were not available to confirm this assumption, and as a

result the interpretation of the drift data must be made

with caution.

Average Weight of Insects in the Drift

The average weight of invertebrates may vary according

to the quantity or quality of available food, or because of

changes in their life cycle, such as growth, emergence, or

the hatching of eggs. Since reduced flows might affect the

amount or quality of available food or alter life cycles,

the average weights for each of the ten taxa listed in

Table 3 were compared between the study and control sec-

tions for the beginning and end of each experiment (Appen-

dix Table 7).

Baetis and Cehtroptilum nymphs differed in average

weight between the study and control sections. In the

study section average weight decreased until the end of

the fourth experiment when a slight increase occurred. In

the control section average weight followed a more irregu-

lar pattern, reaching its lowest value in the second or

third experiment and increasing during the fourth. Similar

changes in average weight in both the study and control

sections occurred for Paraleptophlebia, chironomids (larvae,
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pupae, and adults), Hydracarina, and copepods. The average

weight of Alloperla was erratic in both study and control

sections, while Acroneuria nymphs were too scarce in the

control section for adequate comparisons with the study

section.

These similar changes in average weight between the

study and control sections, suggest that they were due to

either normal seasonal movement or changes in the life

cycles of the insects. If reduced flows did reduce availa-

ble food the effect appears minor. Perhaps the duration of

each experiment was not long enough to detect changes in

growth.

Effect of Flow Reduction on Specific Taxa

Baetis nymphs and chironomid larvae were the most

abundant taxa in the drift throughout the summer in both

weight and numbers. Because of the importance of these two

taxa in the drift, their response to flow reduction is con-

sidered below.

Baetis nymphs made up a low of 5.7% and a high of 27%

of the total number of insects in the drift in the study

section, while in the control section they made up a low of

5.1% and a high of 34% (Table 4). Of the total calculated

weight, Baetis nymphs made up an even larger percentage,

equaling 10% to 46% of the total in the study section and

4.6% to 47% in the control section (Table 5). The pattern
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of change in the percent of total number of Baetis nymphs

was very similar in both the study and control sections

(Figure 12) and appeared to be unrelated to reduced flows.

Changes in the percent of the total calculated weight, how-

ever, dropped steadily in the study section after the end

of the first experiment (Figure 13) but remained high even

in the third and fourth experiments in the control section.

Thus, relative to the other taxa the weight of Baetis

nymphs decreased in the study section. A possible explana-

tion is that as flows decreased the active swimming habits

of Baetis nymphs enabled them to emigrate rapidly from the

study section, or selective feeding by salmonids on larger

nymphs reduced the average weight.

The changes in average weight of Baetis nymphs in the

study and control sections were slightly different (Figure

14). In the study section, Baetis nymphs declined in

average weight from the beginning of Experiment I to the

beginning of Experiment IV, followed by a slight increase

at the end of Experiment IV. On the other hand, in the

control section, the average weight decreased from the

beginning of Experiment I only to the end of Experiment II,

when it again steadily increased to the end of Experiment

IV. Reduced flows may have in part influenced this reduc-

tion in the average weight of Baetis nymphs in the third

and fourth experiments. Reduced flows may have affected

this reduction in several ways: 1) food quantity or quality
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may have been adversely affected, thus slowing the growth

of nymphs; 2) the emigration of active large nymphs coupled

with the immigration of small nymphs from lateral bank

areas because of reduced living space; 3) reduced living

space may have increased competition for food, thus slowing

growth; 4) lower flows may have resulted in only the

smaller nymphs being caught in the drift nets; and 5)

selective feeding by trout on larger nymphs.

Changes in the general pattern and the immediate and

two-week samples for drift rates (Figure 15) and densities

(Figure 16) of Baetis nymphs were similar to the changes

already discussed for the total fauna. These similarities

are probably because Baetis nymphs were a dominant com-

ponent of the total fauna with changes in one reflected in

the other.

Changes in the mg/hr of Baetis nymphs are shown in

Figure 17. In the study section, the mg/hr of Baetis

nymphs peaked at the end of Experiment I and then followed

a general decrease to the end of Experiment IV. The con-

trol section, however, had a more uneven pattern and the

overall change was slight with the mg/hr in the fourth

experiment remaining similar to the first experiment. It

appears that reduced flows decreased the biomass per hour

of Baetis nymphs in the drift. However, since the no/hr

of Baetis nymphs in the study section increased in the

third and fourth experiments, this decrease in biomass is
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likely the result of the smaller average weight of Baetis

nymphs in the third and fourth experiments.

Comparing the immediate effect of reduced flows on the

mg/hr of Baetis nymphs in the drift between the study and

control sections shows that the intermediate flow reduc-

tions decreased the mg/hr of Baetis nymphs drifting, while

the last reduction increased the mg/hr in the drift. The

two-week effects were just the opposite with reduced flows

causing an increase in the first three experiments and a

decrease in the fourth experiment.

The mg/100 m3 of Baetis nymphs drifting in the study

section differed from the mg/hr by remaining nearly the

same in Experiments I, II, and III, then increasing to a

peak at the beginning of Experiment IV, and finally de-

creasing at the end of Experiment IV (Figure 18). In the

control section, the mg/100 m
3
increased to a peak at the

beginning of the third experiment then decreased through

the end of Experiment IV. Overall, the effects of reduced

flows on the mg/100 m3 in the drift seemed slight.

The immediate and two-week effects of reduced flows on

the mg/100 m3 of Baetis nymphs in the drift were the same

as the changes in the mg/hr for both the study and control

sections.

Chironomid larvae were on the average more abundant in

the drift than Baetis nymphs, equalling 14% to 42% of total

number in the drift in the study section and 11% to 57% in
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the control section (Table 4). Of the total calculated

weight, chironomids made up 13% to 38% in the study section

and 13% to 65% in the control section (Table 5). Figures

19 and 20 show the pattern of change in the percent of

total numbers and weight, respectively, of the chironomid

larvae in the study and control sections. These figures

show that the study and control sections followed similar

patterns and suggest that reduced flows had little effect

on the percentages of chironomids in the drift.

Changes in the mean weight of chironomid larvae

(Figure 21) were small and remained very similar throughout

the four experiments in both the study and control sections.

Thus, reduced flow does not appear to have altered the

growth rate or the size of chironomids in the drift, as

seen for Baetis nymphs.

Because of the dominance of chironomid larvae in the

drift, the general pattern of changes in drift rates

(Figure 22) and drift densities (Figure 23) of chironomid

larvae reflected the same pattern of changes throughout the

four experiments as the total fauna. The immediate effect

of reduced flows on the drift rate of chironomid larvae in

the study section was a reduction in drift between Experi-

ments I and II, and an increase in drift between Experiments

II and III, and III and IV. For the control section, the

drift rate of chironomids increased between Experiments I

and II, and III and IV, and decreased between Experiments

II and TIT.
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The two-week effect of reduced flows on the drift rate

of chironomid larvae was an increase in drift during

Experiments I and II but a decrease during Experiments III

and IV. This is similar to the response shown by Baetis

nymphs, except in the third experiment where Baetis nymphs

increased.

The immediate and two-week effect of reduced flows on

the drift density (no/100 m3
) of chironomid larvae were

the same as the above effects on drift rates.

Since the mean weight of chironomid larvae did not

change substantially during the four experiments and was

similar in the study and control sections, the changes in

the mg/hr (Figure 24) and mg/100 m3 (Figure 25) of chirono-

mids in the drift followed the same pattern and reflected

the same changes as the no/hr and no/100 m 3
, respectively.

This was true for both the general pattern and the

immediate and two-week effects of reduced flows in both

the study and control sections.

Benthos Samples

Samples of benthic invertebrates, as described in

"Methods and Materials," consisted of artificial substrate

and Hess samples from riffles, and core samples from pools.

Results are given below for the 1975 and 1976 artificial

substrate samples, the 1975 Hess samples, and the 1976

pool samples.
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Artificial Substrates - 1975

In 1975 artificial substrate (A.S.) samples were

taken at three sections; Section 2, lower study section;

Section 4, upper study section; and Section 7, the control

section. Data were analyzed from each of these sections at

each of the four experimental flows, except the control

section, Experiment II. These data were lost because of

flood damage to the sample trays, and damage to the col-

lected samples during storage.

The invertebrate densities (no/m2 ) were computed for

each section at each flow (Table 7). In both study sec-

tions the densities were highest in the second experiment.

Density in the control section was highest in the third

experiment (no data were available for the second). Lowest

densities occurred in Experiment I for Section 2, but in

Experiment IV for Section 4 and the control section. While

changes in the insect densities occurred in each section,

statistical analyses showed no significant difference (P >

0.05) in densities between flows in any of the three sec-

tions.

Differences between the control and study sections

changed during the four experiments, with the control sec-

tion have a significantly higher density than the study

sections at the end of the first experiment, but not at the

end of the fourth experiment. Also, the percent of no/m2

in Section 2 relative to the control section was 16%, 33%,
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Table 7. Benthos density (no./m 2
) and estimated number of

invertebrates per riffle for 1975 artificial sub-
strate (A.S.) samples in sections 2, 4, and 7.

Exp I Exp II Exp III Exp IV

Sec. 2

no./m
2

4550 19800 10900 14250

no./riffle 4.6x10
5

1.4x10 6
6.3x10

5
3.8x10

5

Sec. 4

15950 77100 37700 7950no./m
2

no./riffle 7.9x10
5

2.7x10 6
1.1x10 6

1.1x10 5

Sec. 7
(control)

no./m
2

28750 IMO 33150 19550

no./riffle 2.9x10 6
4.0x10 6

2.0x10 6
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and 75% for Experiments I, III, and IV, respectively. In

Section 4 the density was 55%, 114%, and 41% of the con-

trol section for Experiments I, III, and IV, respectively.

Thus, the number per m2 in the study sections increased

with decreased streamflow (except Sec. 4, Exp. IV) relative

to the control section. This is probably the result of a

decrease in living space, crowding the population into a

smaller area when flows were decreased.

While the no/m2 in the study sections did not change

significantly with decreased streamflow, the total number

per riffle may have, since riffle area was decreased

approximately 73% after the third flow reduction. Table 7

gives the estimated total number of insects per riffle

along with the no/m2
for each section at each experiment.

Both study sections had their maximum no/riffle in the

second experiment and then decreased to their lowest value

in Experiment IV. The control section increased to its

maximum in Experiment III (no data for Experiment II) and

then decreased to its lowest value also in Experiment IV.

Thus, both the control and study sections closely fol-

lowed the same pattern of change throughout the summer,

with reduced flows having no apparent effect.

The biomass in the artificial substrates in 1975 was

calculated from nine prominent taxa. These taxa totaled

78% to 97% of the total number of insects collected in the

artificial substrates (Table 8). Chironomid larvae made



Table 8. Percent of the total number of invertebrates accounted for by the nine major
taxa in artificial substrate samples in 1975 (L = larvae; P = pupae;
dominant taxon in each experiment).

Taxa

Section 2 Section 4 Section 7 (control)
Exp
I

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Baetis 7.4

2.2

12.3

13.4

1.9

42.5

10.9

0

7.3

3.8

0.8

65.2

27.9

3.5

9.8

0.8

1.5

49.2

4.3

19.4

7.5

4.6

2.5

40.3

15.8

0.8

1.7

1.9

1.0

66.9

33.3

0.1

0.5

0.3

0

45.5

36.8

0

2.1

1.6

1.7

51.5

0.4

40.2

10.9

1.9

0.7

1.7

0.3

76.0

n
0

S

a
m

1

e

25.3

5.9

2.0

1.5

0.6

59.3

13.9

22.2

2.2

2.3

1.2

35.0

Paraleptophlebia

Cinygmula 3.9

6.8

2.7

19.4

0.4

3.2

2.8

80.0

Alloperla

Acroneuria

Chironomidae L

Chironomidae P

Hydracarina

Copepoda

Total

0.5

2.2

0

82.5

0.3

0

0

88.1

0.3

0

0

93.0

1.1

0.5

1.5

81.8

0.5

0.5

0

89.0

1.0

0

0

80.7

2.1

0

0

95.8

1.0

0.7

0.1

93.2

2.6

0

0

97.1

0.4

0,8

0.2

78.2
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up the largest percentage in numbers in every experiment

for all three sections, except Section 4, Experiment IV.

Baetis, Paraleptophlebia, Alloperla and Cinygmula nymphs

were the most abundant taxa collected. Because of the

continuously large number of chironomid larvae collected,

the artificial substrates may have been preferentially

selected for by the chironomids. This is further sug-

gested by the large number of chironomid larvae observed

on the plastic artificial substrate trays during field

sampling. More data will be presented concerning this

with the Hess sample results.

While the chironomid larvae were dominant numerical-

ly, they made up the largest component of the biomass in

only three samples (Table 9): Section 2 (Experiments II

and IV), and the control section (Experiment I). Baetis

nymphs were the major component of the bottom fauna by

weight, followed by Alloperla, Paraleptophlebia, and

Cinygmula.

Differences in the mg/m2
between experiments were not

significant (P > 0.05) for the control section or for

Section 2. Section 4, however, had a significant decrease

(P < 0.05) in the mg/m2 from Experiment I to Experiment IV

(Table 10). Comparisons between the three sections at

each experiment showed that they followed similar changes

in biomass during the summer (Figure 26). Because of this



Table 9. Percent composition of the total calculated biomass for the nine major taxa
in the artificial substrate samples in 1975 (L = larvae; P = pupae;
dominant taxon in each experiment).

Taxa

Section 2 Section 4 Section 7 (control)
Exp
I

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Baetis 15.5 29.3 39.3 7.5 44.3 69.4 61.3 1.2 39.4 57.8 45.1

Paraleptophlebia 16.9 0 13.8 8.5 6.5 1.2 0 23.2 3.8 19.7 12.1

Cinygmula 25.7 13.5 20.9 33.3 1.7 0.6 2.4 7.7 1.4 1.9 2.3

Alloperla 27.0 16.8 1.7 5.7 9.0 1.8 6.5 7.3 7.1

n

°
s

4.1 4.5

Acroneuria 0.2 0.9 7.2 4.2 3.6 0 8.4 10.1 1.2 a
m

1.0 2.2

Chironomidae L 11.2 39.4 17.2 34.9 33.5 27.0 20.5 22.3 45.1 p 15.4 30.2
1

Chironomidae P 0.5 0.6 0.2 0.5 1.0 0.3 0.5 e

s

0.6 0.2

Hydracarina 3.5 0 0 2.1 1.2 0 0 17.1 1.8 0 2.9

Copepoda 0 0 0 3.7 0 0 0 10.5 0.2 0 0.7

*Less than 0.1 percent
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Table 10. Computed biomass (mg/m2 ) for the 1975 artificial
substrate (A.S.) and Hess samples at each
experiment and section.

Exp I Exp II Exp III Exp IV

Section 2

A.S. 418 1072 834 490

Hess 418 - 465 646

Section 4

A.S. 922 4087 3141 198

Hess 58 699 145

Section 7

A.S. 1544 -- 4957 743

Hess 234 451 19
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similar pattern in the control and study sections, the

effect of reduced flows on biomass does not appear signi-

ficant.

Artificial Substrates - 1976

The 1976 artificial substrates were located only in

Section 1, of the study area, and Section 5 (control),

rather than three sections as in 1975. This reduction was

necessary to reduce the time spent picking and analyzing

the samples.

As in 1975 the density of the benthic fauna (no/m 2
i) in

the study section did not change significantly (P > 0.05)

with reduced flows. The density in the control section,

however, increased significantly (P < 0.05) from the first

through the fourth experiments. Figure 27 compares the

changes in the two sections, and shows that the study sec-

tion had higher densities than the control section at all

four experiments. The differences between the sections,

however, decreased from 80% in Experiment T to 60%, 51%,

and 32% in Experiments 11, III, and IV, respectively. Thus

reduced flows appeared to decrease the density in the study

section relative to the control section. This is opposite

of the changes seen in the 1975 artificial substrate

samples.

The composition of the dominant taxa in the study and

control section was similar (Table 11). Chironomid larvae
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Table 11. Percent of the total benthic fauna comprised by the nine major taxa in the
1976 artificial substrate samples (L = larvae; P = pupae; = dominant
taxon in each experiment).

Taxa

Section 1 Section 5
Exp
1

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Baetis 3.7 4.7 4.5 0.3 7.1 21.9 5.8 3.8

Paraleptophlebia 1.6 3.4 21.8 20.0 6.2 3.1 13.9 24.8

Cinygmula 5.7 10.2 7.5 5.8 4.4 9.3 22.8 17.6

Alloperla 24.9 24.3 16.1 16.0 17.7 20.6 15.3 4.5

Acroneuria 2.3 0.6 1.4 0.5 7.1 4.4 1.6 2.9

Chironomidae L 34.7 39.0 23.0 26.5 33.6 36.3 33.9 33.8

Chironomidae P 0.5 0.2 0.6 0.1 0.9 1.3 0.8 1.6

Hydracarina 1.1 2.3 1.6 2.0 3.5 0 0.2 0

Copepoda 0.5 0.4 0.6 0.5 0 0 0 0

Total 72.6 84.9 76.4 70.0 78.8 95.6 93.8 87.4
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made up the largest percentage of the total number in each

experiment in both sections, ranging from 23% to 39% of the

total. As in 1975, chironomids seemed to preferentially

select the artificial substrates and were especially abun-

dant on the plastic surfaces of the trays. After chironomid

larvae, Baetis, Paraleptophlebia, and Alloperla nymphs were

the most abundant taxa.

The biomass in 1976 was calculated from the same nine

taxa as were used in 1975. They made up between 70% and

95% of the total number collected,with chironomid larvae

the most abundant in numbers. The percent composition of

the nine taxa by weight (Table 12) reveals that chironomids

were the largest component in three experiments'in the study

section but in none of the experiments in the control sec-

tion. Instead, Cinygmula nymphs were the dominant taxa by

weight, followed by Baetis, Paraleptophlebia, and Alloperla

nymphs.

Changes in biomass (mg/m2
) between experiments were

insignificant (P > 0.05) for both the study and control sec-

tions. Also, the pattern of change in biomass was very

similar for the two sections until the fourth experiment,

when the study section decreased and the control section

increased (Figure 28). Thus only the third flow reduction

(63 to 42 litres/sec) appears to have had an effect on bio-

mass.



Table 12. Percent of the total calculated biomass for the nine major taxa in the
artificial substrate samples in 1976 (L = larvae; P = pupae;
dominant taxon in each experiment).

Taxa

Section 1 Section 5
Exp Exp Exp Exp Exp Exp Exp Exp
I II III IV I II III IV

Baetis 6.7 17.8 21.4 3.7 13.8 49.4 12.1 2.8

Paraleptophlebia 0.8 1.1 6.8 13.3 39.3 11.5 22.0 31.5

Cinygmula 16.2 19.9 34.1 8.5 3.4 7.7 41.6 35.6

Alloperla 30.8 20.9 10.6 20.7 17.8 13.8 7.3 3.2

Acroneuria 2.4 0.4 5.2 15.4 2.8 5.2 3.3 19.2

Chironomidae L 36.6 32.1 16.8 26.0 16.4 12.5 12.5 7.3

Chironomidae P 0.6 0.2 0.2 1.3 0.2 0.3 0.2 0.4

Hydracarina 4.8 7.2 4.1 9.7 6.5 0 0.3 0

Copepoda 1.9 0.7 0.9 1.4 0 0 0 0
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Hess Samples - 1975

Hess samples were taken at the end of Experiments I,

III, and IV in 1975 at the same times and locations as the

artificial substrate samples. The Hess sample results are

compared with the A.S. samples for differences in density,

biomass, and effects of reduced flows.

The no/m2 in the Hess samples followed the same pat-

tern of change between experiments as did the A.S. samples

in each section (Table 13). None of the changes between

experiments within each section of the Hess samples were

significant (P > 0.05) when tested by the Friedman two-way

analysis. This was also the result obtained from the A.S.

samples. Therefore, the pattern and degree of change in

the no/m2 were similar in both the Hess and A.S. samples.

Even though the Hess and A.S. samples followed similar

patterns of change, the Hess samples contained significant-

ly fewer invertebrates than did the A.S. samples. In the

study sections, the A.S. samples had densities 2 to 10

times higher than the Hess samples, while the A.S. densi-

ties in the control section were 10 to 30 times higher than

the Hess samples. Large differences in invertebrate densi-

ties have also been found in other studies comparing A.S.

and conventional samplers (Crossman and Cairns, 1974;

Hughes, 1975; Shaw, 1976).

Differences between A.S. and Hess samples also

occurred in the relative numbers between sections. For



Table 13. Total benthic fauna densities (no./m2 ), with and without chironomoid
larvae included, for the 1975 artificial substrate (A.S.) and Hess samples.

Total no./m 2
No./m2 without

chironomid larvae
Exp Exp Exp Exp

IV
Exp
T

Exp
II

Exp
III

Exp
IV

Section 2

A.S. 4550 19800 10900 14250 2600 6900 5550 8500

Hess 2900 4840 7300 2820 4535 6405

Section 4

A.S. 15950 77100 37700 7950 5300 42050 18250 6400

Hess 1640 6320 1420 1607 4970 1417

Section 7 (control)

A.S. 28750 -- 33150 19550 6900 13500 12700

Hess 1160 3380 640 1015 3175 445
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example, in the Hess samples the control section had lower

densities than the study section at each experiment. For

the A.S. samples, however, the control section had higher

densities than the study sections. These differences could

result in different interpretations of the effects of re-

duced flows for the Hess and A.S. samples.

Comparing the percent composition of the major taxa

between the A.S. and Hess samples (Table 14) shows that

chironomid larvae were a much greater percentage of the

total numbers in the A.S. samples than in the Hess samples.

On the other hand, Baetis, Cinygmula, and Alloperla nymphs

made up a larger percentage in the Hess samples. The other

taxa were of similar composition in both samplers. The

high percentage of chironomid larvae in the A.S. samples

relative to the Hess samples may be because they were over

collected in the A.S. samples.

Densities of the three major taxa, chironomid larvae,

Baetis nymphs, and Alloperla nymphs, were higher in the

A.S. samples than in the Hess (Table 15). Chironomids

showed the largest difference between the two samplers,

while Alloperla nymphs had the most similar densities be-

tween the two. Shaw (1976) found similar results between

A.S. and Hess samples in an Idaho stream.

Because of these differences in the percent and num-

bers of chironomid larvae between A.S. and Hess samples,

the no/m2 was recalculated for the two samplers minus the



Table 14. Percent of the total benthic fauna comprised by the nine major taxa in the
1975 Hess samples (L = larvae; P = pupae; = dominant taxon in each
experiment).

Taxa

Section 2 Section 4 Section 7
Exp
I

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Baetis 7.2 41,9 17.7 4.3 38.7 1.1 41.5 47.3 3.1

Paraleptophlebia 1.4 7.8 12.6 2.0 6.9 51.9 1.2 2.4 9.9

Cinygmula 21.1 13.2 8.6 2.6 2.6 16.1 2.6 5.6 1.6

Alloperla s

a

5.3 6.7 8.9 s

a

4.4 11.6 19.9 s

a

7.5 2.1

Acroneuria 9.2 m
p

4.1 1.0 4.1 m
P

1.5 1.8 0 m
P

7.4 5.2

Chironomidae L 2.8 1

e

9.8 24.5 2.6 1

e

31.6 3.5 11.8 1

e

9.9 32.3

Chironomidae P 3.5 0.3 1.3 1.0 1.2 0 2.9 8.9 1.0

Hydracarina 1.1 1.8 3.9 0 1.7 1.4 0 1.9 2.1

Copepoda 0 0 0.1 0 0 0 0 0 0

Total 53.4 80.5 76.3 20.1 88.7 87.4 77.2 76c2 52.6
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Table 15. Comparisons between the benthic densities (no./
m2) of chironomid larvae, Baetis nymphs and
Alloperla nymphs in the 1975 artificial sub-
strate (A.S.) and Hess samples.

Exp
I

Exp
II

Exp
III

Exp
IV

Section 2

A.S. 1950 12900 5350 5750

Hess 80 n.a. 480 1780

Section 4

Chironomidae
larvae

A.S. 10650 35050 19450 1550

Hess 140 n.a. 2000 40

Section 7

A.S. 21850 n.a. 19650 6850

Hess 140 n.a. 340 200

Section 2

A.S. 9600 2150 3050 650

Hess 240 n.a. 2020 1300

Section 4
Baetis A.S. 2500 25650 13850 20
nymphs

Hess 80 n.a. 2440 20

Section 7

A.S. 3150 n.a. 8400 2700

Hess. 480 n.a. 1600 20

Section 2

A.S. 600 750 100 650

Hess 560 n.a. 260 480

Section 4

Alloperla A.S. 300 750 600 550
nymphs

Hess 140 n.a. 280 160

Section 7

A.S. 450 n.a. 500 450

Hess 220 n.a. 260 20
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chironomid larvae (Table 13). This reduced the differences

between the A.S. and Hess samples, with Section 2, Experi-

ment I actually having larger densities in the Hess

samples. The remaining samples Fad 1 to 28 times greater

density in the A.S. samples than in the Hess samples. Thus,

even with chironomids excluded the A.S. samples still had

higher densities than the Hess samples.

The biomass in the Hess samples was generally less

than in the A.S. samples (Table 10). This is the same as

the results for densities. Temporally, changes in biomass

between Hess and A.S. samples were similar except in Sec-

tion 2 where the biomass in the A.S. samples dropped during

the fourth experiment, while it continued to increase in

the Hess samples. Differences in biomass between A.S. and

Hess samples occurred for the three major taxa; chironomid

larvae, Baetis nymphs, and Alloperla nymphs (Table 16).

Chironomid larvae showed the largest difference, with 3 to

180 times more biomass in the A.S. samples than in the Hess

samples. Alloperia biomass was 1.16 to 55 times greater in

the A.S. samples, The biomass of Baetis nymphs was 1.07 to

67 times larger in the A.S. samples except for Section 2

(Exp. I and TV) and Section 4 (Exp. IV). Shaw (1976) also

found similar differences in biomass for these taxa between

A.S. and Hesil samples.

Using mean weight as an indicator of insect size, dif-

ferences between A.S. and Heds samples were compared (Table
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Table 16. Biomass (mg/m 2
) of chironomid larvae, Baetis

nymphs, and Alloperla nymphs in the 1975 arti-
ficial substrate (A.S.) and Hess samples.

Exp
I

Exp
II

Exp
III

Exp
IV

Section 2
A.S. 47 423 143 171

Hess 4.3 n.a. 26 57

Section 4
Chironomidae

larvae
A.S. 309 1104 675 44

Hess 1.7 n.a. 102 1.8

Section 7
A.S. 696 n.a. 763 225

Hess 6.1 n.a. 17 4.1

Section 2
A.S. 65 315 328 37

Hess 94 n.a. 305 257

Section 4
Baetis A.S. 409 2837 1925 3.2
nymphs

Hess 8.7 n.a. 474 4.1

Section 7
A.S. 608 n.a. 2868 336

Hess 188 n.a. 328 5.0

Section 2
A.S. 113 180 14 28

Hess 25 n.a. 12 21

Section 4
Alloperla A.S. 83 74 204 14
nymphs

Hess 7.0 n.a. 61 8.0

Section 7
A.S. 110 n.a. 208 33

Hess 26 n.a. 42 0.6
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17). The average mean weight for all nine taxa showed that

the Hess samples consistently contained larger insects than

the A.S. samples. Also, the largest mean weight in the

Hess samples occurred in Experiment I, while in the A.S.

samples the maximum mean weight was in Experiment I for

Section 2 and in Experiment III for Sections 4 and the con-

trol section. The mean weights of chironomid larvae and

Baetis nymphs were also larger in the Hess samples. Only

Alloperla nymphs were consistently larger in the A.S.

samples than in the Hess samples. Thus while densities and

biomass were larger in the A.S. samples, Hess samples con-

tained insects of a larger average weight.

Pool Samples - 1976

Pool surface area decreased on the average 18% after

75% flow reductions, while riffle area decreased 73%. Thus,

flow reductions reduced riffle area much more than pool

area. To compare the changes in both pool and riffle sec-

tions, pool samples were taken at the end of Experiments

II, III, and IV in 1976 for comparisons with the 1976 A.S.

samples.

The first difference between the pool and A.S. samples

was a change in the composition of the dominant fauna in

the pool sections (Table 18). Two taxa, Lepidostoma sp.

and Zaitzevia parVulus, which were only sporadically col-

lected in the A.S. samples, were common members of pool



Table 17. Average mean weight (in pg) for the nine major taxa, and chironomid larvae,
Baetis nymphs, and Alloperla nymphs in the 1975 artificial substrate (A.S.)
and Hess samples.

Average for nine major taxa Chironomidae larvae
Exp Exp
I II

Exp
III

Exp
IV

Exp
I

Exp
II

Exp
III

Exp
IV

Section 2

A.S. 111 61 82 42 24 33 27 30
Hess 271 120 116 54 54 32

Section 4

A.S. 65 25 87 31 29 32 35 29
Hess 177 125 116 39 51 36

Section 7

A.S. 58 154 49 32 39 33
Hess 262 175 58 45 51 20

Baetis nymphs Alloperla nymphs

Section 2

A.S. 192 146 107 60 184 240 167 43
Hess 456 151 198 44 48 42

Section 4

A.S. 162 111 139 95 278 296 339 27
Hess 125 194 275 48 219 48

Section 7

A.S. 193 341 123 231 415 74
Hess 393 205 247 115 165 48



Table 18. Percent of the total benthic
samples (L = larvae; P = pupae;

fauna for the
= dominant

nine major taxa in the 1976 pool
taxon in each experiment).

Taxa

Section 1 Section 5
Exp
T

Exp
TT

Exp
III

Exp
IV

Exp
I

Exp Exp
II III

Exp
IV

Paraleptophlebia 2.9 1.6 2.3 2.1 6.0 1.3

Alloperla 1.3 3.3 10.0 4.9 4.5 3.5

Acroneuria 0 0.3 3.8 0.3 0.2 1.1

Lepidostoma n
o

5.4 3.8 2.3 n
o

22.1 17.5 14.4

Zaitzevia parvula s
a

0.8 3.3 5.4 s

a
1.1 1.8 0.9

Chironomidae L m 69.9 68.9 50.0 m 51.6 59.4 68.1
P P

Chironomidae P 1
e

0.4 0.5 0 1

e
0.7 1.8 0.9

Hydracarina 5.9 2.2 3.1 9.8 1.1 2.8

Copepoda 0.8 1.9 2.3 0.1 0.3 0

Total 87.4 85.8 79.2 92.8 92.6 93.1
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fauna. Increases in the percent composition in the pool

samples also occurred for the Hydracarina and copepods. On

the other hand, Baetis and Cinygmula nymphs were common

taxa in the A.S. samples but were not collected in the

pools. Paraleptophlebia, Alloperla, and Acroneuria nymphs

were collected in both A.S. and pools, but in slightly

smaller proportions in the pool samples. Chironomid larvae

were an even larger component of the pool fauna than they

were in the riffles.

By weight, chironomid larvae were the dominant taxa

in the pools, making up a higher percent of the total

weight in the pool samples than in the A.S. samples (Table

19). Paraleptophlebia, Hydracarina, and copepods were also

more predominant by weight in the pool samples than in the

A.S. samples, while Alloperla and Acroneuria nymphs made up

a smaller percentage of the total weight in the pool

samples than in the A.S. samples.

The density of bottom fauna in the pools was generally

higher than in the A.S. samples. In the control section,

the pool samples had 4.5 to 11 times higher densities than

the A.S. samples, with the highest density in Experiment IV

for both A.S. and pool samples (Figure 29). In the study

section pool samples had higher densities than the A.S.

samples in the second and third experiments but lower

densities in the fourth experiment. In both pool and A.S.

samples, densities decreased in the fourth experiment, but



Table 19. Percent of the total calculated biomass for the
pool samples in 1976 (L = larvae; P = pupae;
experiment) .

nine major benthic
= dominant

taxa in
taxon in each

Section 1 Section 5
Exp Exp Exp Exp Exp Exp Exp Exp

Taxa 1 II III IV I II III IV

Paraleptophlebia 18.0 16.5 38.3 4.0 38.5 9.8

Alloperla 0.5 2.3 7.9 3.6 1.8 1.2

Acroneuria
n

0 0.1 1.4
n

2.1 * 0.2

Lepidostoma o

s

a

3.8

0.7

13.9

0.6

4.8

0.6

o

s

a

19.1

0.6

31.4 64.7

Zaitzevia parvula 0.2 *

Chironomidae L m
61.5 56.5 32.7

m
43.4 26.3 20.3

P P

Chironomidae P 1

e
* 0.2 0

1

e
0.5 0.6 0.4

Hydracarina 13.3 5.7 9.2 26.9 1.4 3.7

Copepoda 2.2 4.5 5.3 0.2 0.3 0

*Less than 0.1 percent.
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Figure 29. Comparisons of insect density (no/m
2

) at each
experiment between study (Sec. 1) and control
(Sec. 5) sections for the 1976 artificial sub-
strate and pool samples.
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the drop was much larger in the pool samples than in the

A.S. samples.

Biomass for the pool samples was calculated from

length measurements of the nine taxa listed in Table 18.

These taxa made up between 79% and 93% of the total number

collected. The changes in biomass (mg/m2
) closely followed

the changes which occurred in density (Figure 30), with the

pool samples again having higher values than the A.S.

samples in both the study and control sections (except the

study section, Experiment IV). For both the A.S. and pool

samples the biomass increased in the control section from

Experiment I through Experiment IV, while the study section

decreased in biomass in Experiment IV. This decrease was

greater in the pool sample than in the A.S. sample.

Proportion of Benthos in the Drift

The proportion of the benthos in the drift is a

measure of the drift over an area of 1 m 2
relative to the

2
istanding crop in the same 1 m in a certain length of time.

Elliott (1967a) gives the following formula for computing

the proportion of the benthos in the drift in any instant

in time:

P
xD 100
x xD

where "P" equals % of benthos in the drift; "x" is the

drift density in no/m3
; "D" is the average depth of the
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Figure 30. Comparisons of the computed biomass (mg/m2
) at

each experiment between study (Sec. 1) and con-
trol (Sec. 5) sections for the 1976 artificial
substrate and pool samples.
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stream in meters; and "X" is the number in insects per

square meter in the benthos.

The percentages were calculated from both the artifi-

cial substrate and the Hess sample estimates of the stand-

ing crop for Sections 2, 4, and 7 (Table 20). The per-

centages were higher when using the Hess sample estimates

of standing crop because the Hess samples had lower stand-

ing crop values than the artificial substrates. In both

cases, however, the percentages were quite low with the

Hess sample estimates similar to those found by Elliott

(1967a) and Bishop and Hynes (1969).

The proportion of benthos in the drift was not

affected by the flow reductions, nor was it different

between the study and control sections. These low, con-

stant values suggest; 1) drift was not a significant fac-

tor in depopulating the stream, and 2) low flow did not

cause widespread emigration from the study section.

Waters (1961, 1972) gives estimates of the number of

insects drifting over 1 m2 of bottom in 24 hours. This

was calculated for Sections 2, 4, and 7, again from both

the Hess sample and artificial substrate estimates of

standing crop (Table 21). The values were lower than

those found by Waters, again suggesting that low flows did

not increase insect emigration via drift.
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Table 20. Proportion of benthos in the drift at any
instant in time for sections 2, 4, and 7
(A.S. = proportion using artificial substrate
samples for estimates of standing crop; Hess =
proportion using Hess samples for estimates of
standing crop).

Exp I Exp II Exp III Exp IV

Section 2

A.S. .0008% .0002% .0002% .0002%

Hess .0012% n.a.* .0005% .0003%

Section 4

A.S. .00005% .00002% .00004% .0004%

Hess .0005% n.a. .0002% .0024%

Section 7
(control)

A.S. .0001% n.a. .00004% .00004%

Hess .0024% n.a. .0004% .0011%

*n.a. = data not available.
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.Table 21. Benthic insect densities (no./m2 ) in artificial
substrate (A.S.) and Hess samples, plus number
of insects drifting over one square meter in 24
hours for Sections 2, 4, and 7. Drift/m2/24 hr
calculated by: N = x D s. Where "N" equals
drift over 1m2/24 hr, "x" equals drift density
in no./m3, "D" equals average depth of stream
section in meters,
seconds per 24 hr.

and "s" equals number of

Exp I Exp II Exp III Exp IV

Section 2

4550

2900

3012

19800

n.a.*

3734

10900

4840

2164

14250

7300

2291

A.S.

Hess

Drift/m2/24 hr

Section 4

A.S. 15950 77100 37700 7950

Hess 1640 n.a. 6320 1420

Drift/m2/24 hr 726 1264 1162 2937

Section 7

A.S. 28750 n.a. 33150 19550

Hess 1160 n.a. 3380 640

Drift/m2/24 hr. 2411. 1.4.6.1 1215 624

*n.a. = data not available.
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Fish Stomach Analysis and
Floating Trap Results

The analysis of stomach data considered: 1) The per-

cent composition of specific food items; 2) The total number

of food items eaten, and the average number eaten per fish;

and 3) The percent of invertebrates of subsurface and sur-

face origin. Floating trap results are included to compare

surface foods available with those eaten by juvenile sal-

monids.

Coho Salmon, 1975 and 1976

In 1975, coho salmon for stomach analysis were col-

lected in Experiments II, III, and IV, sampling 6, 19, and

33 fish in each experiment, respectively. As no coho were

found in riffles, they were collected only from pools with

a 10 m seine.

The percent composition of specific food items (Appen-

dix Table 8) shows that subsurface Diptera (primarily

chironomid larvae) were the dominant food in all three

experiments, equaling 71%, 59.5%, and 35.6% of the total

stomach contents in Experiments II, III, and IV, respec-

tively. After Diptera larvae the next most abundant food

item differed between the three experiments. Diptera

adults (mainly empidids) were the next most abundant in

Experiment II (12%) and Experiment IV (30.1%), while in

Experiment III Baetis nymphs (31.4%) were the next most
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abundant. Each of the remaining taxa made up a relatively

small percentage of the total. In general, chironomid

larvae remained the dominant food item through all three

experiments, with the remaining food items spread over a

variety of surface and subsurface invertebrates. Fish in

Experiment II ate the least variety (12 taxa) while those

in Experiments III and IV consumed a broader range of fauna

(27 and 23 taxa respectively).

The average number of food items eaten per fish changed

with experiment (Table 22). In Experiment II, 17 food

items were eaten per fish, while in Experiment III, 105

food items were eaten per fish. Finally in Experiment IV

only 9 food items were eaten per fish. This decrease in

the number of food items at the end of the fourth experiment

correlates with decreases in drift and increases in coho

biomass (Table 23), both of which could increase the com-

petition for food.

The percent of food comprised of subsurface or surface

origin changed from 86% and 94% subsurface in Experiments

II and III to 58% surface foods (either adult aquatics or

terrestrials) in Experiment IV (Table 22). Demory (1961),

found that surface foods predominated at various times dur-

ing the summer low-flow period in coho diets and suggested

that this was the result of low drift rates of aquatic in-

sects. This shift to surface feeding is significant since

the effects of reduced availability of aquatic invertebrates



Table 22. The total number and average number of food items, and the percent of food
from subsurface and surface origins at each experimental flow for stomach
samples of coho salmon collected in 1975 and 1976 and cutthroat trout col-
lected in 1976. Number of fish sampled at each experiment in parentheses.

1975
0+ coho

1976
0+ coho

1976
0+ trout

1976
1+ trout

Exp
II
(6)

Exp
III
(19)

Exp
IV
(33)

Exp
I

(4)

Exp
II
(7)

Exp
III
(5)

Exp
IV
(25)

Exp
IV
(20)

Exp
IV
(15)

Streamflow
(Litres/sec) 63 42 21 168 112 63 42 42 42

Total no 99 1988 299 135 140 117 894 415 188

Av. no./fish 17 105 9 34 20 23 36 21 13

% subsurface 86 94 42 69 52 60 16 72 19

% surface 14 6 58 31 48 40 84 28 81
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Table 23. Comparison of
1976 (mean of
trout in 1976

coho biomass (g/m2) in 1975 and
two sections) and 1+ cutthroat
(mean of three sections).

Exp
Streamflow Biomass
(liters/sec) g/m2

0+ coho
1975

0+ coho
1976

1+ cutthroat
1976

1

II

III

IV

1

II

III

IV

1

II

III

IV

84

63

42

21

168

112

63

42

168

112

63

42

3.35

2.86

2.71

4.32

0.86

1.08

1.12

2.27

2.11

2.20

2.61

3.96
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would be minimized by the predominant surface feeding.

Therefore, reduced flows may have a completely different

effect on food availability when terrestrial insects are

abundant than when they are not. It should also be noted

that the floating trap results showed the greatest number of

invertebrates on the surface in Experiment II rather than

Experiment IV when the coho fed most actively at the sur-

face (Table 24) .

Stomach analysis of coho salmon in 1976 revealed re-

sults similar to those in 1975. In 1976, 4, 7, 5 and 25

coho were collected for stomach analysis in Experiments I,

II, III, and IV respectively. The small number of fish

sampled in Experiments I, II, and III was the result of

floods and the demand for juvenile coho in other related

studies by the Oregon Fish and Wildlife Department. As in

1975, fish were collected only from pools.

The composition of the coho stomach contents in 1976

(Appendix Table 8) shows that subsurface Diptera were

dominant in Experiments I and III, equaling 37% and 51% of

the total contents, respectively. Simuliid larvae (34%)

were the predominant Diptera eaten in Experiment III. In

Experiments II and IV, the dominant food items were surface

Diptera (29%, primarily chironomids)(51.3% primarily

aphids). Acroneuria nymphs and chironomid larvae were

important food items in Experiments I and II, respectively.

It is interesting that simuliid larvae and Acroneuria



Table 24. The total number of invertebrates (aquatic plus terrestrial) per 0.5 m2 per
day collected from floating traps in the first three experiments in 1975.

Exp
Streamflow
(Liters/sec)

Riffle
Sec. 2

Number/0.5 m2/day
Pool
Sec. 2 Total

Riffle
Sec. 4

Pool
Sec. 4 Total

1 84 51 85 136 - 150 150

11 63 315 90 405 123 300 423

III 42 42 97 214 134 124 258
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nymphs, which are both commonly associated with fast water,

together equaled 45% of the stomach contents in Experiment

I, while slow water or surface food predominated in Experi-

ments II, III, and IV. The drift and benthos data showed

that simuliids and Acroneuria were scarce in all four

experiments. This suggests that the coho in Experiment I

were selectively feeding on these two taxa, and that

reduced flows during Experiments II, III, and IV may have

reduced the amount or distance that these riffle inverte-

brates drifted into pools.

The average number of invertebrates per fish was 34,

20, 23, and 36 for Experiments I, II and III and IV, res-

pectively (Table 23). These results show little change with

reduced flow, which contrasts with the changes seen in 1975

when fish in Experiment III ate an average of 105 inverte-

brates and those in Experiment IV, only 9. There are

several possible explanations for this difference between

1975 and 1976. First, fish were collected on different

dates in 1976 and 1975. In 1976 fish for Experiments III

and IV were collected on September 9 and 29 but earlier in

the year in 1975 -- on August 20 and September 19. Second,

differences in air or water temperature, water turbidity,

and especially periods of high water between the two years

could have influenced food availability. Finally, the bio-

mass of coho was lower in 1976 than in 1975 (Table 23) and

thus less competition for food may have occurred in 1976.
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Even with the above differences, changes in the per-

cent of subsurface or surface foods eaten by coho were the

same in 1976 as in 1975 (Table 22). In 1976, subsurface

foods equaled 69%, 52%, and 60%, of the total stomach con-

tents in Experiments I, II, and III, respectively. In

Experiment IV, surface foods dominated with 84% of the

total. Thus in 1976, as in 1975, the feeding of coho

changed in the fourth experiment from predominantely sub-

surface invertebrates to predominantely invertebrates on

the surface, and the effects of reduced availability of

aquatic invertebrates may possibly have been minimized by

the predominant surface feeding.

Cutthroat Trout - 1976

Twenty age 0+ cutthroat trout and 15 1+ cutthroat

trout were collected for stomach analysis at the end of the

fourth experiment in 1976. Fish were not collected during

the earlier experiments because they were scarce and were

being used in related studies. The age 0+ cutthroat trout

were found in shallow riffle sections and were collected

with backpack shocking units and dip nets. The age 1+

trout, however, were found in pools one to two m deep and

were collected with both shocking units and a 10 m seine.

The age 1+ trout and coho were collected in the same

locations.
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There were considerable differences in the composition

of food items between the age 0+ and 1+ trout (Appendix

Table 9). The dominant foods in age 0+ trout were chirono-

mid pupae (25.5%) and Baetis nymphs (22.9%), while in 1+

trout the terrestrial groups Hemiptera (15.0%) and

Hymenoptera (13.3%) dominated. Overall, age 0+ trout fed

mostly on subsurface food (72%) and age 1+ trout fed mostly

on surface food (84%). One obvious reason for this is the

different habitats in which the two age groups were found;

the age 0+ trout in riffles and the age 1+ trout in pools.

While the amount of invertebrates landing on the surface

was similar in both riffle and pool sections (Table 25),

faster currents in the riffles may have prevented the 0+

trout from utilizing surface foods. Therefore, since 0+

trout appeared dependent on subsurface stream drift for

food, and amount of riffle area for cover, they would be

more affected by reduced flows than age 1+ trout which were

in pools and fed mainly on surface food.

The average number of food items per fish was not

greatly different between age 0+ and 1+ trout; the former

with 21 per fish and the latter with 13 per fish (Table 22).

It is difficult to directly compare these numbers since the

age 1+ trout tended to eat larger food items than age 0+

trout.

The comparison between age 1+ cutthroat trout and coho

from the fourth experiment in 1976 is important since they



Table 25. Number per day and percent of aquatic and terrestrial invertebrates col-
lected in the floating traps in the riffles and pools of two sections on
five dates in 1975 (*P = number/day; Aq. = aquatic; Terr. = terrestrial).

Aq. Aq.

Aq. Terr. Terr. Aq. Terr. Terr.
E xp Date P*

Section 2 (riffle) Section 2 (pool)

I 14-21 July 1 6 11 94 12 3 14 18 86 21

II 21-28 July 8 10 72 90 80 3 12 21 88 24

II 28- 4 Aug. 11 16 59 84 70 1 7 18 93 19

III 4-11 Aug. 14 38 24 62 38 4 16 22 84 26

III 11-18 Aug. 2 10 16 90 18 2 11 18 89 20

Average 7 17 36 83 94 3 12 19 88 22

Section 4 (riffle) Section 4 (pool)

I 14-21 July 2 6 34 94 36

II 21-28 July 1 4 23 96 24 93 87 14 13 107

II 28- 4 Aug. 4 8 43 92 47 14 33 29 67 43

III 4-11 Aug. 5 15 29 85 34 4 12 33 88 37

III 11-18 Aug. 2 7 28 93 30 3 13 20 87 23

Average 3 9 31 91 34 23 47 26 53 49
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were collected at the same time and place. Table 23 shows

that the biomass of 1+ cutthroats and coho in 1976 in-

creased with decreased streamflow, and that the biomass of

cutthroats was greater than that of coho at each flow.

Thus, competition for food between cutthroats and coho may

have occurred and would likely have been greatest in the

fourth experiment when the standing crop of each was

largest.

The stomach analysis results showed that 1+ cutthroats

and coho both fed primarily on surface food; 84% for cut-

throats and 81% for coho. Further, surface Diptera com-

prised 18.6% of the total stomach contents of 1+ trout and

17.6% of the total of coho, again very similar. The

dominant foods, however, were Homoptera (51.4%) for coho,

but Hemiptera (15.0%) and Hymenoptera (13.3%) for 1+ cut-

throat. Thus, while 1+ cutthroat trout and coho shared

similar habitats and both fed primarily at the surface,

they selected different food organisms. Johnston (1967)

found that coho and steelhead trout in similar habitats

also selected different food organisms. Since cutthroat

were not collected earlier in the summer, it is not known

how coho and cutthroat diets compared at that time.
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DISCUSSION

Flows were reduced from 84 to 21 liters per sec in

1975 and from 168 to 42 liters per sec in 1976. In both

years riffle area was most affected, decreasing approxi-

mately 83%, while pool area decreased only 18%. Kraft

(1972) and Wesche and Rechard (1973) also found that re-

duced flows had a greater effect on riffle area than pool

area. Because of the large decrease in riffle area, re-

duced flows would likely have a greater effect on inverte-

brates inhabiting riffle sections.

Reduced flows did not noticeably affect water tempera-

ture, dissolved oxygen, pH, total alkalinity, or dissolved

carbon dioxide, although dissolved oxygen decreased slight-

ly during the lowest flow in 1975.

It was impossible to determine if changes in species

composition resulted from reduced flows because species

identification was possible for only a few taxa. Also, it

is unlikely that two summers is long enough to determine

the normal fluctuation between yearly populations of

specific species (Elliott, 1967b) and to distinguish these

from the effects of reduced flows. The major faunal groups

collected in the artificial substrate samples, however,

remained the same in 1975 and 1976. This suggests that

summer low flows did not greatly alter the major benthic

taxa between 1975 and 1976. Other environmental factors,
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such as substrate, food availability, and winter high-flow

may have an equal or greater impact on specific taxa than

summer low-flow.

The effects of reduced flows on invertebrate density

and biomass were small. Invertebrate drift was variable,

but an immediate and two-week pattern in drift was observed.

The immediate response of drift to reduced flows, for both

numbers and biomass, was an apparent decrease. Minshall

and Winger (1968) reported the opposite, finding an

immediate increase in drift density after reducing stream

flow. Since their study took place in a cement channel,

however, it may not relate to natural stream conditions.

The immediate decrease in drift in this study does agree

with Elliott (1967b) and Bailey (1966) who concluded that

the amount of drift is directly correlated with the rate of

flow.

The two-week effect of reduced flows on invertebrate

drift was an apparent increase, except during the lowest

flow (Exp. IV), which decreased. This increased drift

suggests that; 1) insects actively drifted from sections as

conditions became unfavorable, or 2) decreased riffle area

increased the benthos density which in turn increased

drift. The second assumption agrees with Waters (1966) who

states that drift is one of the factors controlling popula-

tion densities. Pearson and Franklin (1968) also found

population density a significant factor affecting the drift
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of Baetis and Simuliidae. A large flood prior to the

fourth experiment may have reduced the benthos density and

thus explain the decrease in drift during this experiment.

Baetis and chironomids were the major taxa in the

drift. Baetis has often been found to be a dominant drift

invertebrate (Waters, 1962; Elliott, 1967b), which may be

due to its active swimming habits (Chaston, 1968). Mundie

(1971), found that chironornid larvae equaled 8 to 12% of

the total drift and were an important food of coho salmon

fry. In this study Baetis appeared more affected than did

chironomids by reduced flows.

In summary, reduced flows appeared to have a two-phase

effect on invertebrate drift; 1) a decrease immediately

following flow reductions; and 2) an increase after two

weeks of reduced flow. This two-week increase in drift may

have resulted in greater food availability for salmonids.

The significance of these effects is questionable because

of flooding during the study, and because of natural fluc-

tuation in drift rates and densities.

The benthos was not greatly affected by reduced flows

as is shown by the artificial substrate samples. In both

1975 and 1976, benthos density (no/m2) did not significant-

ly change after reducing the flows. This lack of correla-

tion may be the result of several factors. First,the

floods which occurred in both summers (especially 1976) may

have reduced benthic densities as a result of scouring
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(Hoopes, 1974). McClay (1968) reported increases in bottom

fauna after 75% dewatering of a riffle but not after a 90%

reduction and suggests flooding prior to the 90% reduction

affected the results. Second, artificial substrates re-

quire a colonization period. Shaw (1976) reported that 64

days was still not long enough for his artificial sub-

strates to develop a stable community. Thus changes due to

colonization may have overshadowed the effects of reduced

flows. Finally, if the benthos was at carrying capacity at

the beginning of the summer, reduced flows may not greatly

alter the benthic density. Instead, increased drift, move-

ments into the hyporheal, and mortality may have kept the

benthos density constant.

While the benthos did not significantly change in den-

sity, in 1975 the density of the study sections did in-

crease relative to the control section as flows were re-

duced. Thus, reduced flows and the resulting reduction in

riffle area may have increased the benthic density above

normal seasonal levels. This agrees with the results of

McClay (1968). In 1976, however, the study section de-

creased in density with reduced flows relative to the con-

trol section. Perhaps, since the maximum flow reduction in

1975 was to 21 liters/sec but in 1976 only to 42 liters/sec,

the effect of crowding was not as great in 1976. The in-

creased number of floods in 1976 may have also confounded

the 1976 results.
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The biomass of invertebrates per square meter was also

only marginally affected by reduced flows. The exception

was Section 4 (study section) in 1975 which had a signifi-

cant decrease. This decrease was mainly at the end of the

fourth experiment after a large flood and thus may be the

result of scouring rather than reduced flows. The biomass

in the other sections (including the control) also de-

creased in the fourth experiment but the decreases were not

significant.

Relative to the control section, the biomass in the

study section was very similar until the fourth experiment,

when the biomass in the study sections decreased. This

decrease in the study sections may have been caused by

increased competition for food because of overcrowding or

a reduction in the food supply and thus slower growth, or

active drift of the larger individuals out of the study

sections. The smaller biomass in the study sections is

reflected in the mean weight of the bottom fauna which was

generally higher in the control sections. These differ-

ences were greatest for Baetis, Paraleptophlebia, and

Alloperla nymphs, and smallest for chironomid larvae. Thus

reduced flows may have slowed the growth of individuals

in the benthos, with certain taxa being more affected than

others.

The Hess samples taken in 1975 followed the same pat-

tern of change in density and biomass as did the 1975
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artificial substrates. This further confirms the rela-

tively small effect of reduced flows on the benthic fauna.

Of some interest, however, are the differences

observed in the total numbers and biomass between the Hess

and artificial substrate (A.S.) samples. Moon (1935) is

often considered one of the first investigators to employ

artificial substrates for sampling aquatic invertebrates.

Since then significant differences between artificial sub-

strates and more traditional samplers (e.g., Hess and

Surber) have been reported (Radford and Hartland-Rowe,

1971; Crossman and Cairns, 1974; Hughes, 1975; Shaw, 1976).

In this study A.S. samplers collected 2-30 times higher

numbers and biomass than the Hess sampler. Similar find-

ings have been attributed to; 1) the creation of a more

favorable habitat by A.S. samplers (Hughes, 1975), or 2) a

more efficient sampling of the hyporheic zone by A.S.

samplers (Radford and Hartland-Rowe, 1971). In this study

chironomid larvae were up to 180 times more abundant in the

A.S. than the Hess samples. Because chironomids were very

abundant on the plastic A.S. tray surfaces, I feel the

abundance of chironomids was due in part to a more favorable

substrate in the A.S. samplers, rather than differences in

the collecting or sampling efficiency between A.S. and Hess

samples. The increased abundance of chironomids and the

other taxa in the A.S. samples, however, may also be the

result of the A.S. samplers collecting at a deeper and more
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uniform depth than did the Hess sampler. Thus differences

between Hess and A.S. samples may be due to both factors.

The percent composition of the taxa differed between

the two types of samplers, with Baetis, Cinygmula, and

Alloperla more prominent in the Hess samples, chironomids

more prominent in the A.S. samples, and the other taxa

nearly equal between the two. Shaw (1976) found similar

results between A.S. and Hess samples, and suggested the

continued colonization of the A.S. samplers (even after 64

days) was the cause for these differences. Waters (1964),

however, found that 14 days was adequate time for drift to

recolonize a denuded stream bottom. Therefore, other fac-

tors than colonization rate, such as substrate composition,

food composition, or sampling depth may have caused these

differences.

Finally, the mean individual weight of the fauna was

greater in the Hess samples than in the A.S. samples. Only

Alloperla nymphs were larger in the A.S. samples. Thus the

A.S. samplers generally collected more but smaller inverte-

brates than did the Hess samples. Whether this was the

result of a more favorable habitat or a greater sampling

efficiency by A.S. samplers is not clearly known. In

either case further study seems needed to define the rea-

sons for these differences between A.S. and Hess samples.

Pool samples in 1976 showed similar changes in density

and biomass as did the 1976 artificial substrate samples.
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Decreases in density and biomass in the fourth experiment,

however, were greater in the pool study section than in the

A.S. study section, which suggests the effects of reduced

flows were greater in the pools. This decrease was of some

surprise, since pool area was much less affected by reduced

flow than riffle area, but it may be related to life cycle

effects.

Total density and biomass was 4.5 to 11 times greater

in the pool samples than in the A.S. samples. This is

opposite of the general assumption that more numbers and

biomass of invertebrates occur in riffles (Surber, 1939;

Lyman and Dendy, 1943; Reed and Bear, 1966). One possible

reason for the greater number and weight in pools could be

the distribution of food. The pools had large quantities

of detritus (mainly leaf and wood debris), while the rif-

fles were composed of fairly clean gravel with seemingly

little diatom or algal growth (a few large algal mats

1,,rmed in late August). Ulfstrand (1967) states that food

is the most important factor in the microdistribution of

invertebrates. Egglishaw (1964) found a high correlation

between plant detritus and number and weight of inverte-

brates, with chironomid larvae having the highest correla-

tion. This agrees well with the results of this study,

where chironomids were particularly abundant in the pools

along with the overall greater number and weight of inverte-

brates in pools.
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Studies have shown that salmonids feed primarily on

surface or subsurface drift organisms (Demory, 1961; Breuser,

1961; Schutz and Northcote, 1972; Griffin, 1974; Idyll,

1942, Chaston, 1968), with coho salmon and trout avoiding

direct competition by selectively feeding on different food

organisms and/or selecting different habitats (Johnston,

1967). Therefore, changes in invertebrate drift density

and available fish habitat will both affect food availabi-

lity.

Age 0+ coho salmon and age 1+ cutthroat trout pre-

dominated in pool areas, while 0+ cutthroat trout pre-

dominated in riffle areas. Also, the biomass of both 0+

coho and 1+ cutthroat increased, possibly because of crowd-

ing with reduced flows. The 73% reduction in riffle area

and 18% reduction in pool area resulting from reduced flows

plus the increased biomass of salmonids in pools suggests

that fish habitat was reduced and thus competition for food

increased by decreased streamflow. Kraft (1972) reported

similar effects of reduced streamflow on trout habitat. On

the other hand, if the two-week invertebrate drift density

increased with reduced flow, food availability would be in-

creased. Minshall and Winger (1968) suggest using reduced

flows as a method of increasing daytime drift to increase

food availability.

Mundie (1974) points out that to determine the most

available foods the feeding activities of fish must be
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compared with the composition of the invertebrate drift.

Stomach analysis showed that in both 1975 and 1976 coho fed

primarily on subsurface drift until the lowest flow, when

surface drift predominated. This change to surface foods

coincided with decreases in drift density. Demory (1961)

suggested that reduced organic drift would increase the

dependency of coho on terrestrial foods. Age 1+ cutthroat

similarly fed primarily on surface foods during the lowest

stream flow. Competition for food between 0+ coho and 1+

cutthroat was apparently reduced by their selection of dif-

ferent surface food organisms as suggested by Johnston,

1967. Only 0+ cutthroat continued to feed primarily on

subsurface drift during the lowest flow. This was probably

because they were limited to riffle sections where swift,

turbulent water prevented easy feeding on surface foods

(McCormack, 1962).

It appears then that the effects of reduced flows on

food availability vary with both age and species of the

salmonid being considered. Age 0+ cutthroat were most

affected since they were limited to subsurface foods and

riffle areas, which showed the greatest effects from

reduced flows. Age 1+ cutthroat and 0+ coho resided in

pools which did not greatly change in area, and were able

to switch to surface foods when subsurface drift decreased.

The seasonal timing of reduced flows may also be of impor-

tance. For.example, the abundance of terrestrial foods is
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generally greatest in summer and early fall (Hunt, 1975).

If subsurface drift was reduced in the winter or early

spring, the lack of terrestrial foods could cause a con-

siderable reduction in available trout foods.

Overall the effect of the 75% reduction in streamflow

on the insect community and the available food for juvenile

salmonids was small. As Mundie (1974) points out, the pro-

portion of the drift eaten by fish may be small. There-

fore, while food availability may be an important factor in

determining fish condition (Ellis and Gowing, 1957), it did

not appear a limiting factor for fish populations affected

by reduced flows in Elk Creek.

The interpretation of the results must also be viewed

with some caution. The floods that occurred during both

summer study periods were a variable whose effects were not

measurable but perhaps significant. Also, random variation

in the drift and benthos data may have accounted for some

of the changes observed in the study sections. Finally, it

was assumed that the control section reflected the changes

in the insect community that would have occurred in the

treatment area. Time, unfortunately, did not permit the

collection of pretreatment data to support this assumption.
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CONCLUSIONS

The effects of a 75% flow reduction apportioned over

four, two-week intervals on the aquatic insect community

appeared minor. Invertebrate drift showed considerable

variability, but changes in number and biomass reflected a

two-phased pattern. This was; 1) a decrease in drift

immediately following flow reductions, and 2) an increase

in drift after a two-week interval. This pattern may have

resulted from an initial stranding of invertebrates as

riffle area decreased, followed by emigration due to crowd-

ing. Opposite changes in drift from the above pattern

occurred during the lowest experimental flow, but this may

have been due to a flood prior to the experiment. Chirono-

mid larvae and Baetis nymphs were the dominant taxa in the

drift in both numbers and weight throughout the study.

The density and biomass of the benthos did not signifi-

cantly change (P > 0.05) between the four experimental

flows in either 1975 or 1976. Three possible reasons for

this lack of significance are; 1) that flooding during the

summer study period may have confounded the effects of re-

duced flows, 2) sampling error due to sample design, or

high variability of data, and 3) that flow reductions of

75% were not sufficient to cause significant changes in the

benthos. Flooding is a factor that probably did affect the

results, but to what extent is not known. Likewise, some
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error in sampling undoubtedly occurred. The third reason

may be partially explained by the fact that the flow re-

ductions in this study followed the normal seasonal flow

pattern of the stream, i.e. low flows between July and

October. Therefore, it is likely the fauna in the stream

has adapted to survive low flows during the time period

studied. This is supported by evidence that species of

chironomids, Baetis, Paraleptophebia, and Alloperla, the

dominant taxa of this study, are tolerant of low flows,

while species of Acroneuria, Epeoues, Rhithrogena, and

Rhyacophila, scarce taxa in this study, are not tolerant

(Trotzky and Gregory, 1974). Flow reductions greater than

75%, or reductions during seasons of normal high flow,

therefore, may result in differences not observed in this

study.

The effects of reduced flows on food availability for

juvenile salmonids appeared related not only to changes in

the insect community but also to the time of year, and age

and species of salmonid being considered. It has been

shown that salmonids feed primarily on invertebrate drift.

Reduced flows may have caused a general increase in drift

(following an initial decrease), and thus increased food

availability. This supports the suggestion of Minshall and

Winger (1968) that reduced flows could be used to increase

available fish food.
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At the end of the lowest experimental flow (21 liters/

sec) in 1975 there was an apparent decrease in the drift of

aquatic invertebrates. This coincided with a shift in diet

from subsurface foods to surface foods for age 0+ coho

which resided in pools. In 1976, both 0+ coho and 1+ cut-

throat from pools also fed primarily on surface foods dur-

ing the lowest experimental flow (42 liters/sec). Age 0+

cutthroat, which were limited to riffle areas, continued to

feed primarily on subsurface invertebrates. Because sur-

face foods (mainly terrestrial invertebrates) were availa-

ble, decreases in subsurface drift would not necessarily

reduce the available food for 0+ coho and 1+ cutthroat. If

the decrease in subsurface drift occurred at a time of year

when terrestrial insects were scarce, however, the poten-

tial for a reduction in available food seems to exist. A

decrease in drift of subsurface food, however, might reduce

the available food for 0+ cutthroat, since they did not

effectively utilize surface foods. Thus reduced flows pos-

sibly affected the amount of food available to 1+ cutthroat

and 0+ cutthroat differently.

Increases in biomass of 0+ coho and 1+ cutthroat (no

data for 0+ cutthroat) generally occurred with reduced

flows. Fish growth plus reduced living space and subse-

quent crowding are probable reasons for the increase. This

increase in biomass may have increased the demand for food,

and in effect decreased food availability.
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The effects of 75% flow reductions on the food availa-

ble to juvenile salmonids were not conclusively determined

from this study. Flooding during the study and variability

of the data were the main factors confounding the results.

It is felt, however, that the time of year flow reductions

occur and the age and species of salmonid being affected

are important factors in determining the effects of reduced

flows on food availability.
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Appendix Table 1. Length-weight regression equations for
individual taxa (A = adult; P = pupae;
L = larvae or nymph; N = no. of size
classes).

Taxa Regression equations N r

Baetis (L) y = 166.26x - 195.88

y = 48.20x + 94.57

y = 97.08x 147.08

y = 270.24x 729.06

y = 2137

5

3

4

8

1

.99

.91

.97

.93

Baetis (A)

Centroptilum (L)

Ephemerella (L)

Ephemerella (A)

Parahlbia. (L) y = 270.24x - 729.06 8 .93

Cinygmula (L) y = 314.38x - 756 5 .97

cinygmula (A) y = 210.38x 723.27 4 .87

Ame1etus (L) y = 233.86x - 723.27 7 .92

Ailoperla (L) y = 117.59x - 418.27 10 .79

Acroneuria (L) y = 188.98x 466.21 7 1.00

Rhyacophila (L) y = 549.0x - 1858 8 .99

Glossosoma (L) y = 538.07x - 1524.27 3 .99

Glossosoma (A) y = 1300 1

LepidOstoma (L) y = 480.03x - 1718.02 6 .98

Hydropti1a (L) y = .02x - .02 3 .98

Hydroptila (A) y = 50.0 1

Zaitzevia parvula (L) y = 28.66x - 49.25 6 .96

Zaitzevia parvula (A) y = 211.0 1 -

Narpus (A) y = 850 1 -

Optioservus (L) y = 93.22x - 217.33 7 .88

Optioservus (A) y = 270 1

Staphylinidae (A) y = 50.0x - 16.67 3 .87
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Appendix Table 1 (continued)

Taxa

Dicranota (L)

Hexatoma (L)

Simulium (L)

Simulium (P)

Simulium (A)

Chironomidae (L)

Chironomidae (P)

Chironomidae (A)

Empididae (A)

Empididae (L)

Hydracarina

Copepoda

Regression equations

y = 234.73x - 1320.72

y = 281.x - 1165

y = 113.0x - 250.5

y = 242.5x - 255.8

y = 133.5x 161.2

y = 20.5x - 10.33

y = 20x - 20

y = 20x - 20

y = 39.80x + 15.20

y = 40.0x - 20

y = 34.40x + 114.20

y = 167.3

N r

9 .96

12 .98

8 .99

3 .99

3 ,94

3 .99

4 .99

5 -,97

2 1.00

3 1.00

2 1.00

1 -
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Appendix Table 2. Total drift composition for all sections
and experiments with relative frequen-
cies (A = adults; P = pupae; L = larvae
or nymphs).

Total
no.

% of
total drift

Ephemeroptera
Baetis (L)

4678
3156
108
578

2

15

27.23
18.0

.6

3.4
.01
.08

Baet s (A)

Centroptilum (L)
uniden. Baetidae
Tricorythodes
Ephemerella (L) 58 .34
Ephemerella (A) 2 .01
Paraleptophlebia (L) 271 1.6
Paraleptophlebia (A) 1 .006
Eveorus (L) 26 .10
Cinygmula (L) 107 .60
Cinygmula (A) 28 .16
Cin ma (L) 60 .35
C nygma (A) 5 .03
Heptagenia (L) 7 .04
Rhithrogena (L) 3 .02
Rhithrogena (A) 3 .02
Ameletus (L) 224 1.30
Ameletus (A) 4 .02
Other Ephemeroptera 20 .12

Plecoptera 688 4.00
Pteronarcidae (L) 1 .006
Nemoura (L) 82 .48
Leuctra (L) 2 .01
Other Leuctridae 6 .03
Capniidae (L) 28 .16
Taenio ter x (L) 1 .006
Isogenus L 6 .03
Other Perlodidae (L) 8 .04
Other Perlodidae (A) 1 .006
Alloperla (L) 376 2.19
Alloperla (A) 8 .04
Paraperla (L) 14 .08
Other Chloroperlidae (L) 15 .09
Other Chloroperlidae (A) 6 .03
Acroneuria (L) 117 .68
Other Plecoptera 17 .10

Trichoptera 107 .62
Rhyacophila (L) 25 .15
Rhyacophila (P) 1 .006
Rhyacophila (A) 5 .03
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Appendix Table 2 (continued)

Total
No.

% of
total drift

Trichoptera (continued)
Glossosoma (L) 17

2

6

15
3

.10

.01

.03

.09

.02

Glossosoma (P)
Glossosoma (A)
Hydropsyche (L)
Hydropsyche (A)
Polyseritropus (L) 2 .01
65eYP-0-6-1-Yaihtropodidae (L) 2 .01
Other Polycentropodidae (A) 2 .01
Wormaldia (L) 3 .02
Other Tnlopotamidae (L) 1 .006
Other Philopotamidae (A) 1 .006
Lepidostoma (L) 17 .10
Micrasema (L) 1 .006
Other Brachycentridae (L) 2 .01
Other Trichoptera 2 .01

Coleoptera 259 1.51
Carabidae (A) 1 .006
Aleocharinae (L) 3 .02
Aleocharinae (A) 9 .05
Other Staphylinidae (L) 3 .02
Other Staphylinidae (A) 1 .006
Oreodytes (A) 1 .006
11 bius quadrimaculatus (A) 1 .006
()tier Dytiscidae (A) 16 .09
Hydrobius (L) 1 .006
Crenitis (A) 1 .006
Ampumixus (A) 1 .006
Cle telimis (L) 1 .006
Zaitzev a parvula (L) 39 .22
Zaitzeqa arvula (A) 64 .37
Optioservus L 42 .24
Optioservus (A) 29 .17
Lara avara (A) 2 .01
OtherEITdae (L) 15 .09
Other Elmidae (A) 27 .16
Hydraenidae (A) 1 .006
Other Coleoptera 1 .006

Diptera 8719 50.75
Hexatoma (L) 1 .006
Dicranota (L) 11 .06
Antocha (L) 1 .006
Other Tipulidae (L) 3 .02
Other Tipulidae (A) 13 .08
Culicidae (L) 4 .03
Culicidae (A) 13 .08
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Appendix Table 2 (continued)

Total
No.

% of
total drift

Diptera (continued)
Simulium (L) 130

3

885
59
18

4975
1061
977

.76

.02
5.15
.34
.10

28.96
6.18
5.69

Simulium (A)
nEg7Trmuliidae (L)
Other Simuliidae (P)
Other Simuliidae (A)
Chironomidae (L)
Chironomidae (P)
Chironomidae (A)
Empididae (L) 8 .05
Empididae (A) 51 .30
Empididae (P) 1 .006
Dolichopodidae (L) 1 .006
Dolichopodidae (A) 5 .04
Leptoconops (L) 2 .01
Le tocono s (A) 9 .05
Pa pomy a L) 2 .01
Other Ceratopogonidae (L) 5 .04
Other Ceratopogonidae (P) 1 .006
Other Ceratopogonidae (A) 16 .09
Paradixa (L) 237 1.38
Dixa (L) 27 .16
Other Dixidae (L) 55 .32
Other Dixidae (P) 1 .006
Other Dixidae (A) 1 .006
Ephydridae (L) 8 .05
Ephydridae (A) 5 .04
Cecidomyiidae (A) 22 .13
Sciaridae (A) 41 .24
Syrphidae (A) 1 .006
Psychoda (L) 4 .03
Psychoda (A) 1 .006
Maruina (L) 1 .006
Other Psychodidae (L) 10 .06
Other Psychodidae (P) 1 .006
Other Psychodidae (A) 5 .03
Lonchopteridae (A) 2 .01
Phoridae (A) 3 .02
Anthomyiidae (L) 4 .03
Other Diptera 39 .23

Hemiptera 62 .36
Gerris remigis (L) 12 .07
Other Gerridae 7 .04
Microvelia (A) 13 .08
Velild17TA) 4 .03
Other Hemiptera 6 .03
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Appendix Table 2 (continued)

Total
No.

% of
total drift

Megaloptera 17 .10
Sialis (L) 17 .10

Collembola
Poduridae 6 .04
Isotomidae 20 .12
Entomobryidae 61 .36
Smynthuridae 27 .16

Psocoptera 30 .17

Thysanoptera 7 .04

Aphididae 20 .12

Other Terrestrials 169 .98

Mollusca 6 .04

Crustacea 1137 6.62
Copepoda 1137 6.62

Arachnida 1191 6.93
Aranea 7 .04
Hydracarina 1184 6.89

Total Drift 17,176 100.00



Appendix Table 3. Drift rates (no. /hr.) for the evening, overnight and morning
samples at the beginning and end of each experiment (Ev = evening;
On = overnight; Mo = morning).

Exp I Exp II Exp III Exp IV

*STUDY
SECTION

CONTROL
SECTION

Beginning
of exp.

End
of exp.

Beginning
of exp.

End
of exp.

Ev

On

Mo

Ev

On

Mo

Ev

On

Mo

Ev

On

Mo

25

20.5

13.8

43.8

21.8

10.2

96

33.8

40.5

46.5

46.4

2

21.3

11.5

24

69.8

17.8

38.7

48

47

147

1

32

26

34.5

12.7

36

53.3

23.5

19.8

91

19

114

9

105

34.3

20.3

79.8

39.8

6.8

13.8

122

28

112

166

6

31

*Average for all six study sections



Appendix Table 4. Drift rates (no./hr) for beginning and end of each experiment and
significance of differences between each experiment.

Exp I Exp II Exp III Exp IV
Sig. diff.
at P=.05

Sig. diff.
at P=.01

*STUDY
SECTION

CONTROL
SECTION

Beg.

End

Beg. + End

Beg.

End

Beg. + End

19.4

23.7

43.1

45.3

39

84.3

14.5

28.7

43.2

62.9

26.4

89.3

19.3

28.2

47.5

52.3

37.4

89.7

32.7

11.7

44.4

5303

29

82.3

yes

yes

no

no

no

no

no

no

no

no

no

no

*Average drift rates of all six study sections.



Appendix Table 5. Total drift densities (no./100m3
) for the evening, overnight, and

morning samples at the beginning and end of each experiment (Ev =
evening; On = overnight; Mo = morning).

Exp I Exp II Exp III Exp IV

*STUDY
SECTION

CONTROL
SECTION

Beginning
of exp.

End
of exp.

Beginning
of exp.

End
of exp.

Ev

On

Mo

Ev

On

Mo

Ev

On

Mo

Ev

On

Mo

12.2

13.2

5.9

23

13

5.5

31.9

11.3

13.6

35.8

35.7

1.5

16.7

9.3

20.5

62.1

14.6

37.1

36.9

36.2

113

1.1

36.6

29.7

44.9

16.6

46

68.4

31.7

23.7

104

--

21.7

56.5

4.5

52.1

108

74.1

285

122

19.5

37

60.5

13.9

55.6

56.6

2.0

10.7

*Average drift densities of all six study sections.



Appendix Table 6. Drift densities (no./100m3) for beginning and end of each experi-
ment and significance. of differences between each experiment.

Exp I Exp II Exp III Exp IV
Sig. diff.
at P=.05

Sig. diff.
at P=.01

*STUDY
SECTION

CONTROL
SECTION

Beg.

End

Beg. + End

Beg.

End

Beg. + End

11.5

13.2

24.7

15

30

45

11.8

25.2

38

48.4

30.2

78.6

25.1

37.4

62.5

59.7

18.5

78.2

104.2

34.3

138.5

26.4

9.9

36.3

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

*Average drift densities for all six study sections.



Appendix Table 7. Mean weight (i_tg) for the ten major taxa in the drift at each
experiment in the study and control sections in 1975 (L = larvae;
P = pupae; A = adult).

Exp I Exp II Exp III Exp IV
Beg. End Beg. End Beg. End Beg. End

Baetis

Centroptilum

Paraleptophlebia

Alloperla

Acroneuria

Chironomidae L.

Chironomidae P.

Chironomidae A.

Hydracarina

Copepoda

study 354 250 73 46 36 34 27 82
control 221 133 75 8 31 79 45 155

study 160 68 68 97 54 52 34 49
control 250 85 110 168 34 29 387

study 128 84 51 43 74 43 161 141
control 221 15 37 17 127

study 185 65 35 114 28 66 115 25
control 243 405 229 19 38 229 38

study 44 40 28 20 17 39 20 14
control 13 11 11

study 60 59 42 35 37 36 28 36
control 65 39 38 36 40 41 42 36

study 30 20 20 20 18 18 20 20
control 17 17 10 20 10 16 18 12

study 50 20 20 20 12 15 10 20
control 12 17 20 30 13 20 30 14

study 140 145 143 126 135 137 139 136
control 141 149 140 141 138 139

study 84 166 119 86 120 124 121
control 100 105 111 141 121 88



Appendix Table 8. Total number and percent of total number of food organisms in the diets of 0+ coho in 1975 and 1976 (L = larvae; P = pupae; A = adults).

Coho - 1976 Coho 1975

4 Fish 5 Fish 6 Fish 25 Fish 6 Fish 19 Fish 33 Fish
7/26/76 8/11/76 9/8/76 9/28/76 8/5/75 8/21/75 9/15/75

% of % of % of % of % of % of % of
Total Total Total Total Total Total Total

Total # Total # Total # Total # Total # Total # Total #

Subsurface Subsurface
Diptera 50 37 38 27 60 51 92 9.2 Diptera 71 71 1183 59.5 98 35.6

Chironomidae (L) 2 1.5 26 19 6(3) 5 50 5.6 Chironomidae (L) 47 47 829 41.7 81 27.7

Chironomidae (P) 8 6 2(2) 1.7 15 1.7 Chironomidae (P) 146 7.3 5 1.7

Simuliidae (L) -- -- -- -- Simuliidae (L) 24 24 92 4.6

Simuliidae (L) 46 34 3 2 -- -- 12 1.3 Ceratopogonidae (L) 28 1.4

Dixidae (L) 2 1.5 52(4) 44 5 0.6 Dixidae (L) 3 0.2

Tipulidae (L) 1 0.7 -- -- -- -- Tipulidae (L) 1 0.3

Ceratopogonidae (L) Unid. Diptera (L) 22 1.1 6 2.1

Ephemeroptera 18 13 24(0) 16 2 1.7 24 27
Unid. Diptera (P) 63 3.2 5 1.7

Baetidae (L) 5(2) 3.7 12 8 4 0.4 Ephemeroptera 8 8 635 31.9 9 3.1

Heptageniidae (L) 7(3) 5 10 7 1 0.85 5 0.6 Baetidae (L) 5 5 625 31.4 1 0.3

Siphlonuridae (L) 1(1) 0.7 2 1 1 0.1 Heptageniidae (L) 6 0.3

Leptophlebiidae (L) 5(1) 3.7 1 0.85 14 1.6 Paraleptophlebia (L) 1 1 1 0.1

Plecoptera 22 16 5 3.6 3 2.5 19 22.3
Unid. Ephemeroptera 2 2 3 0.2 8 2.7

Perlidae (1) 15 11 1 0.7 4 0.4 Plecoptera 16 0.8 2 0.7

Chloroperlidae (L) 6 4 2 1 3 2.5 27 21.9 Chloroperlidae (L) 3 0.2

Nemouridae (L) Unid. Plecoptera 13 0.7 2 0.7

Capniidae (L) 2 1
Trichoptera 4 0.2

Perlodidae (L) 1 7
Hydropsychidae (L) -- 2 0.1

Trichoptera 2 1.5 5 0.6 Unid. Trichoptera 2 0.1

Rhyacophilidae (L) 2 1.5
Coleoptera 5 5 1 2 0.7

Hydropsychidae (L)
Unid. Trichoptera (P) 5 0.6

Elmidae (A) 5 1 2 0.7

Acarina 1 1 26 1.3 13 4.5
Coleoptera 1 0.2 2 1.4 2 1.7 9 1.0

Elmidae (A) 1 0.7 1 0.7 2 1.7 4 0.4 Surface
Hydreanidae (A) 1 0.7 5 0.6 Ephemeroptera (A) 1 1

Acarina 3 2 -- -- Diptera 12 12 79 3.9 88 30.1

Surface
1

16

.7

11.5 26 18.8

1

12

.85

9.85

3

90

0.3

10.0

Chironcmidae (A)
Empididae (A)

7S11::=1:e(A)

8

3

13

0.2
0.7

--

43
2

1

14.7
0.7
0.3

Ephemeroptera (A)

Diptera
Chironomidae (A) 11 8 12 8 61 5 59 6.6 Dolichopodidae (A) 1 1 3 0.2 4 1.4

Empididae (A) 3 2 6 5 4 25 2.8 Sciaridae (A) -- 3 0.2 6 2.1

Tipulidae (A) 1 0.7 -- 1 0.1 Unid. Diptera 3 3 57 2.9 32 11.0

Dolichopodidae (A) 1 0.7 -- 1 0.1 Psocoptera 11 0.6 11 3.8

Sciaridae (A) 2 1.5 1 0.7 1 0.85 2 0.2 Hemerobiidae -- 1 1 0.3

Simuliidae (A) 3 2 -- -- 2 0.2 Collembola -- 4 0.2 2 0.7

Coleoptera 2 1.4 2 1.4 1 0.85 4 0.4 Hymenoptera
Elateridae (A) 1 0.7 2 1.4 1 .85 3 0.3 Hemiptera 3 1.0

Staphylinidae (A) 1 0.7 1 0.1 Homoptera

Lepidoptera 3(1) 2 3 2 1 .85 11 1.2 Lepidoptera --

Psocoptera 3(2) 3.7 6 4 11 9 47 5.3 Coleoptera 2 0.1 4 1.4

Hymenoptera 2(2) 1.5 9 6 3 2.5 25 2.8 Isoptera

Hemiptera 6 4 1 .85 45 5.0 Unid. Terrestrial 1 26 1.3

Homooter 4(3) 3 1 7 9 7.6 459 51.3

Aranea 4(2) 3 1 7 2 1.7 2 0.2
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Appendix Table 9. Total number and percent of total number
of food organisms in the diets of 0+ cut-
throat and 1+ cutthroat in 1976 (L =
larvae; P = pupae; A = adults).

15 Fish 20 Fish
Trout Age 1+ Trout - Age 0+

9/28/76 9/28/76

Total
% of

Total # Total
% of

Total #

Subsurface
Ephemeroptera 27 14 95 22.9

Baetis 4 2 56 13,5
Paraleptophlebia 6 3 11 2,7
Heptageniidae 1 0.5 21 5.1
Ameletus -- -- 7 1.7
Unid. Ephemeroptera 16 9

Diptera 3 1.6 161 38.8
Chironomidae (L) 2 1.0 45 10.8
Chironomidae (L) 1 0.5 106 25.5
Simuliidae (L) 7 1.7
Simuliidae (P) -- 3 0.7

Plecoptera 3 1.6 23 5.5
Alloperla (L) 2 1.0 15 3.6
Acroneuria (L) MN& WM -- 3 0.7
Capniidae (L) 5 1.2
Unid. Plecoptera 1 0.5

Trichoptera 2 1.0 11 2.7
Rhyacophilidae (L) -- 2 0.5
Hypropsychidae (L) -- 1 0.2
Unid. Trichoptera 2 1.0 8 1.9

Coleoptera 1 0.5 9 2.2
Elmidae 1 0.5 2 0.5
Unid. Coleoptera -- 3 0.7

Hydracarina 4 1.0

Surface
Ephemeroptera (A) 5 2.7 6 1.4

Diptera 35 18.6 48 11.6
Chironomidae (A) 3 1.6 14 3,4
Empididae (A) 12 6.4 1 0.2
Sciaridae ,m4 WO 2 0.5
Simuliidae (A) -- 1 0.2
Unid. Diptera 20 10.6 30 7.2

Coleoptera 4 2.1 3 0.7
Elate.:idae 2 1.0 1 0.2
Itaphylinidae .W1% WO WA IMM 1 0.2
Unid. Coleoptera WM IP% -- 3 0.7
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Appendix Table 9 (continued)

15 Fish
Trout - Age 1+

20 Fish
Trout - Age 0+

9/28/76 9/28/76

Total
% of

Total # Total
% of

Total #

Lepidoptera WWI NMI 011 *Ma 3 0.7
Psocoptera 8 4.3 13 3.1
Hymenoptera 25 13.3 6 1.4
Hemiptera 28 15.0 6 1.4
Homoptera 11 8.9 31 7.5
Aranea 7 3.7
Isoptera 18 9.6


