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ABSTRACT . 

A study to determine the post-impoundment effects of Dworshak 

Dam on aquatic insects in northern Idaho's Clearwater River was carried -· 

out from August I 19 7 3 I to September I 19.76. Selected shoreline riffles 

and pools were sampled monthly during the summer and irregularly dur-· 

ing the remainder of the year. A cylindrical square-foot bottom sampler 1 

rock-filled wire baskets 1 and drift nets were used to measure benthic 

insect populations and community dynamics. · Laboratory and in-stream 

simulation tests were conducted in order to provide an understanding' of 

insect habitat preferences and colonization behavior. 

Dworshak Dam has had little appreciable effect on yearly maxi-

mum and minimum flows in the rna in Clearwater Ri v~r during most years. 

Although dam op~ration usually causes daily water-level fluctuatior1s of 

up to 60 vertical c entimeters I low natural flows in 1973 caused the dam 

to release above-normal amounts of water on a non-fluctuating basis 

that year . The dam thus had a stabilizing effect on -river benthos during 

1973. 

Small changes in river tempera~ures have occurred below Dworshak 
~ . 

Dam since it became operational, but these changes have apparently had 

little effect on aquatic insects be low the dam. The dam has had little 

effect on dissolv~d oxygen co_ncentration_s in the main Clearwater River. · 

Dworsha k Dam has had few detr imental effects on river benthos 

during the post-impoundment period. Insect communities in the upper 
. . 

main stem of the Clearwater River remained healthy and well . balanced 

since the dam went into operation. 



Decreases in insect density have occurred on shoreline sub-

strate that is subjected to daily dewatering because drifting insects 

do not readily colonize these areas. Under natural conditions, coloni

zation time was found to be more important than periphyton development 

in determining insect density on cobble substrate. Two to three weeks 

were required for colonization by most species to be statistically equal 

on newly-watered and permanently-watered substrates. Insect density 

in shoreline riffles increased with increasing depth to 45 em even under 

stable flow conqitions. 

Drift studies near shore revealed that most insects were night 

act ive and that, while the highest total number per hour drifted at the 

45 em depth, the largest number per m3 of flow drifted at the 15 em 

depth. A larger percentage of the insect community drifted at the shal

lower depth, thus supporting the idea that habitat quality for many river

ine species is less near the water's edge even under natural flow con

ditions. 

• 
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INTRODUCTION 

Most post-impoundment studies have dealt directly with fish rather 

than with their food supply. This has been particularly tru~ in the West -, 

where large 1 fast-flowing rivers have been largely neglected by aquatic 

entomologists . - Previous post- impoundment studies of benthic insects 

have been done under conditions that were not exactly comparable to those 

of the Dworshak project (Brusven et al. 1974; Briggs 1948; Edwards et al; 

1974; Falter et al. 1973; Fi sher & LaVoy 1972; Geen 1974; Kroger 1973; 

Minshall & Winger 1968; Pearson & Franklin 1968; Powell 1958; Radford 

& Hartland-Rowe 1971; Spence & Hynes 1971; Trotsky & Gregory 1974). 

-The concensus of these studies I however, is that significant losses of 

invertebrate fauna -can be expected below dams as a result of the rapid , 

large-scale flow changes w~ich usually occur during hydroeiectric power 

production. Changes in limnological conditions (water chemistry, temper

ature, etc.) resulti ng from impoundment formation can als-o affect down

stream invertebrates. 

The Dwors ha k project on the Clearwater River differs from other 

studi e s in a number of ways: (l) the Clearwater River is much larger 

and faster than most of the -streams covered by the aforementioned studies; 

(2 ) Dworshak Dam is on a tributary rather ~han on the main river, making 

control of the entire stream flow impos_sible; (3) pre-impoundment data i s 

availab le for comparison with p6st-impoundment condition-s; (4) the timing 

and magnitude of flow changes produced by Dworshak Dam are different, 
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and their effect on river benthos may be different; (5) the insect fauna 

of the Clearwater River differs from that of other areas, so their ecolog- . 

ical requirements and resiliancy to changes in the environment may be 

different. 

With these considerations in mind, the post-impoundment phase 

of this research was developed with three main objectives: (1) determine 

the effects of Dworshak Dam on aquatic insects in the Clearwater River; 

(2) develop methods for studying post-impoundment effects on aquatic in-

sects in large river systems; (3) make recommendations aimed at mini-

mizing future effects of Dworshak Dam on river benthos. 

Dworshak Dam produces power through load factoring; flows through 

the Dam are increased in the morning, held relatively constant during day-

light hours, and then decreased at night in order to match consumer demand 

for electricity. This pattern continues as long as reservoir inflow is less 

than the desired outflow, which is . the case during most of the year (R. 

George, U.S. Army Corps of Engineers' R 1ver Control Center, Portland, Ore

gon, pers. comm. 1976). Also, flows from the dam must be at least 1000 

cubic feet per second (cfs) at all times (U.S. Army Corps of Engineers 19 7 4). 

Dworshak Dam was also built for flood control, which it accomplish

. es through the storage of water in Dworshak Reservoir. The reservoir is 

maintained at maximum pool level during the summer months, but its volume _ 

is reduced by nearly 60% duririg the fall, winter, and following spring 
• 

(USGS 1975) . The reservoir refills rapidly during . May and June when run-

off is at its peak. Becquse of this annual change in reservoir volume I the_ 

magnitude of annual flow variation in the North Fork of the Clearwater River 
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(the site of Dworshak Dam) is much less than it was under natural con

ditions (USGS 1968-69 & 1974 ) . But daily or week ly flow variations in 

the North Fork are much greater than they were prior to impoundment 

(Ibid.) . 

While da ily flow fluctuations seldom exceed -60 vertical centimeters I 

these fluctuations are greater in September than in August or October. 

Dworshak Reservoir is held at full poo~ during August to allow for maxi

mum recreational use and because the demand for electricity is low. Tn 

response to the fall steelhea c1 season on the Clearwater-River, daily flow 

fluctuations are held to 40% of the previous week • s average daily flo w 

from October 1 to November 15 of each year (R. George I U. -S. Army Corps 

of Engineers' River Control Center, Portland , Oregon, per$. comm. 1976) . 

During September, however, flows from the dam are inc rea sed ln order to 

· reduce the water leve l in Dworshak Reservoir -in preparation for the next 

spring's runoff. Since power need s are still relatively low in September I 

flows are reduced to a minimum at night to avoid spillage; Running water 

through the generators at night would produce electricity with no place to 

be used and no possibility of being stored for future use, while spilling 

water past the generators produces no electricity and is therefore consid

ered · a waste of re-sources. With even lower energy needs· during Septem

ber ·weekends I da ily maximu m flows are reduced during these pedods in 

order to avoid the need for spillage (Ib.id; W. Larson 1 Dworshak Dam pow

er house, pers. comm. 19 76). The total _effect of thes~ restrictions is 

that Septe mber water levels below the dam are highly unstable. _ 
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Because of the large area of gently-sloping shoreline present in 

the Clearwater River, daily flow fluctuati on s could destroy large number s 

of insects through de-watering of t heir habitat. Of the various environ

mental c hanges wh ic h could occur as a result of Dworshak Dam, unstaple 

fl ows ha ve the greatest pote.nt ial for caus ing harm to a quatic i nsect com

munities below the dam. The main emphasis of my research has been the 

detection and understanding of this phenomenon, if indeed it has occurred. 

Water-temperature changes are another potential source of danger to 

aquatic insects. Such changes occur most often when ge nerator intakes 

are either very deep or very shallow in relation to the surface of a reser- · 

voir. Dworshak Dam has multi-level intakes, allowing water to be taken 

from var ious depths in order to rneet the temperature requirements of Dwor

sha k ·National Fish Hatchery, which is located on the North Fork of the 

Clearwater River below the dam (W. Larson, Dworshak Dam powerhouse, . 

pers. comm. 1976). 

River temperatures below the da m do not match pre-impoundment con

ditions during certain parts of the year in spite of the temperature-regulating 

capa c ity of the dam. These temperature changes could eliminate some in

sect species or alter their lif e cycles. A species with a changed life cycle 

might be of either greater or lesser value as fish food if its size or avail-

. ability was altered during that period of the year when gamefish feed most 

actively. • 

Entomological studies . in conjunction with the construction of Dwor

shak Dam began in 1969 (Walker 1972 ) and continued through 1972 (Peters 

1973), covering the pre-i mpoundment and early post- impound ment phases 
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of the project . The present study covered the period from August; 19731 

to September I 19 76 I in order to assess the post-impoun,dment effects 

of Dworshak Dam on aquatic insects in the main. Clearwater River for a 
. . 

downstream distance of approximately 30 kilometers . In add ition to the 

main river study I laboratory and field simulation tests of insect coloni-

zation behavior were conducted. 
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DESCRIPTION OF THE STUDY AREA 

The Clearwater River flows in a generally east-west direction across 

northern Idaho. Formed by the Lochsa and Selway Rivers I the Clearwater 

carrie s water from the Montana border to Lewiston 1 - Idaho I where it joins 

the Snake River. Paralleled for its entire length by U.S. Highway 12 I 

the Clearwater lies in a narrow -, steep-s ided canyon . Most of the upper 

drainage consist s of heavily-forested ~ountains . Downstream from Oro-

fino, timber gives way to cheatgrass and medu sahead on the hillsides; 

grain fields occupy the upland plateaus. The drainage area upstrea m 

from Peck covers some 21,000 km2 
(8100 0 mi2) (USGS -1974). 

The North and Middle Forks of the CLearwater River meet at Orofino. 

Dworshak Dam is located on the North Fork at River Kilometer (R. K.) 3. 2 

(Ibid.). Prior to impoundment I the North Fork provided an average of 

37% of the annual fl ow of the main Clearwater River. Constructed for 

power generation and flood control, Dworshak Dam became fully operation

al during the spring of 19 73. With a height of over 215 m (71 0 ft) I Dwor-

shak is one of the highest dams in the Nation. 

The study area covereq that portion of the main Clearwater River 

from R. K. 38.0 toR. K. 80.5 (Figure 1) . Shoreline sampling sites were 

located at R.K. 72.4 (Site I, control), 50.1 (Site II, test), ahd 38.0 (S ite 

III, test). Deepwater sampling sites were located at R. K. 80.5 (Site IA I 

alternate control) I -72. 9 (Site IB, control, Orofino) I and 57. 9 (Site HB, 

test, Harper's Bend). 
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Within the study area, river width varies from 75 to 2 00 m (240 to 

640 ft); the avera.ge width is 120 m (400 ft) (E. Trihey , Idaho Water Re

·Source s Research Institute, pers. comm. 19 7 6) . Riffles range from 2 5 to 

75 em (10-30 inches) deep in late summer. Stream gradient averages 1.125 

m/km (6 ft/mi) (Walker 1972). Substrate consists mainly of cobble and 

boulders from 5 to 30cm (2-12 inches.) in diameter, and gravel from 2.5 

to 5 em (1 - 2 inches) in diameter. Siltation is minimal at most study 

sites. 

River flows vary greatly throughout the year • . Recorded flows at 

Peck, a U.S. Geological Survey gaging station at R. K. 60. 2, varied from 

over 100, 000 cfs in May to less than l, 000 cfs in October before the con

struction of Dworshak Dam (USGS 1965-72) . Spring flows still exceed the 

former figure, but fall flows ha ve not gone below 1, 000 cfs since the dam 

went into operation. Runoff generally reflects a bimodal pattern; a notice

able February increase is followed by much higher flows in May as the· 

spring thaw begins in earnest. 

Water temperatures at Peck range from 0°C in winter to 20.5°C in 

August, reflecting a reduction of 3 0°C in the maximum temperature ob

served during pre-impoundment conditions (USGS 1975). Temperatures 

at Orofino exceed 26°9 in August (Ib id.) . 

• 
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MATERIALS AND METHODS 

Station Selection and Sampling Schedule 

Sampling sites were chosen on the basis of loca tion, access, 

similarit y of habitat, and his t orical data base. Sites at R.K. 72.4. and 

above, which were not affected by flows from Dworshak Dam, served as 

controls. ·. Shoreline Sites I and III (R. K. 72.4 and 38.0, respectively) 

have been sampled since 1969, thereby providing continuity with pre

impoundment studies. Site II (R. K. 50.1 ) represented a new location, 

and was closer to the dam than test sites used by Wa lker (1972 1· or 

Peters (1973). 

The three shoreline sites were chosen for their riffle -run type hab

itat, since this habitat tradittonally supports the high~st quantity and 

diver_sity of aquat ic insects (Ruttner 1963; Stalnaker & Arnette 1976) and 

is therefore . most reflective of environmental changes. Banks at Sites I 

and III have a gentle slope under all but the highest flow conditions, 

while the steeper bank at Site 'ri prevents full access to the permanent 

stream bed until flows are much lower. A gentle slope is needed in order 

to subject ·the maximum amol!nt of surface area to the effects· of rapid flow 

changes. 

Shore line samples were taken monthly during the summer and fa 11, 

and irregularly during the rest of the y€iar, in order to monitor changes in 

population density and life cycles. From February through June ,_ muddy 

_wate r and high flows made sampl ing difficult and often dangerous·. 
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Deepwater benthos was monitored at two sites (IB andHB) during 

the study; a second control site (IA) was also used during t 9 75 . The in...: 

creasing siltation of t he or ig.i na 1 control site (IB) by Orofino- Creek, which 

e ters the rna in Clearwa t e r directly above the site I prompted selection oJ 

an alternate control site . The Orofino deepwater site was a b9 ndoned in 

1976. 

While not comparable to shoreline samples either q uali tatively or 

quant itative iy .l deepwater samples provided data from the permanently- · 

watere.d port ion of t he stream bed. Shoreline -sa mples I on the _other hand 1 

were usually taken on sub strate that was dewatered a t ·some time during 

the year. 

Physical a nd Chemica l .Parameters 

Flow, water temperature I and dissolved oxygen were evaluated in 

light of their potentia l effects on aquatic insects below Dworsha k Dam, 

s ince they are directly affected by its operat ion. Average daily flows 

and d~ily maximum- minimum water temperatures were provided by the 

Boise I Idaho I office of the U.S. G e ological Survey. Average daily flows 

and monthly oxygen concentr'ations were provided by the Walla Walla Dis

trict 1 U.S. Army Corps of Engineers. 

Biological Para meters 

Shoreline · Benthos. Benthic insects were collected with a cylindtica 1 

bottom sampler s imilar to t hat descr ib ed by Waters and Knapp (1961). A 

ra ndomized -bloc k sampl ing d e s ign was used to sample insects at water 
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depths of 15, 30, and 45 em (6, 12, and 18 inches, respectively). Three 

samoles were taken at each depth at each site on each sampling date~ 

Samples were preserved in 70 % ethanol for sorting and identification in 

· the laboratory. 

In order to monitor the relati ve posit ion of samples within the stream 

bed, a permanent marker was positioned at each site before any samples 

were taken; a steel stake located near the high-water line served as a per

mane nt reference point. The distance between this point and the water's 

edge was measured and recorded for each sampling date. Th is information 

was then compared with daily stream-flow records, mak ing it possible to 

determine how long wa ter level s were stable prior to sampling. 

In order to randomize the positions of the nine samples taken at the 

same site on the same date, a steel rod was driven into the substrate at 

each of the three sampling depths previously described. Three random lo

cations above and/or below each stake were chosen for sampling. The 

composition of the substrate at each location was recorded. Water velociti 

at each stake was measured w~th a Gurley current meter . The distance from 

the waterline to each of the three stakes was also ·recorded. 

Deepwater Benthos. Deepwater benthos was: sampled usfng 30 em X 

30 em x 15 em wire baskets made of 1.3 em (l/2") hardware cloth reinforc

ed with heavy steel wire. Twenty fist-size rocks from the nearby shore 

amd stream bed were ·placed in each basket to serve as substrate for insect 

colonization. Window screen lined the bottom and_ lower one-:-third of each 

side, thereby keeping insects from washing out of the basket during the re

covery operation~ The flexible hard ware-cloth lid was wired shut before 
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the basket was lowered to the bottom of the r ' ver. A sty rofoam buoy attached 

to .each basket aided in its relocation and recovery. Buoys were kept sub-

merged tn order to min im ize both vandalism and interference wi t h boat 

traffic. 

During 1974 and 1975, baskets were placed inland 2 meters of wate r 

near the heads of pools or in deep runs where wa ter veloci y was moderate. 

Baskets were also placed at 45 em deep during 1975 so t hat shoreline and 

basket samples from this depth could be compa·red . A single basket was 
. . 

used at each depth . 

. Preliminary exper imentation with samphng period s of two, four , and · 

six we ek-s showed that c-olonization of basket sampler.s· was essentially 

complete in four weeks in the Clearwate r River; the latter period was there- -

fore adopted as the standard. This t ime interval also i.dlowed· coordination 

with shoreline samples 1 y:hich were taken approximately one month apart. 

Baskets were placed and retr ieved with the aid of a boat. Placement 

was made in line with some fixed shoreline obj.ect so that baskets could be 

relocated more easily. A·wooden pole tippe_d with metal hooks was ·used 

to· retrieve the baskets; baskets were placed in metal tubs for washing. 

The bottom screening and roc'k sub s _ra te from -e ach basket was then washed 

thoroughfy to remove -- 1 insects. Each sample was then filtered through 

an organdy net and preserved in 7 0% ethanol. Baskets were then refilled 

with rocks and put back in the river to start . the next colon.ization period . 

. Insect Biomass (Grav~metric Analysis). ·_ During July and August of . 

1976, the amount of insect b iomass pre sent at shore line- sites I and III was· . 

determined by gravimetric analysis. Four samples were taken at each oc 
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three water depths (15 1 30 I and 45 em) with the cylindrical bottom sampler 

used for shoreline sampling. Samples were rough sorted to remove most 

non-insect material. The only non-insect material included in the sorted 

samples was Brachycentrus case s (Tnchoptera: Brachycentridae) , s ince 

the plant bits from which these cases are made could provide some energy 

to higher trophic levels. 

Samples were then placed in clean, dry crucibles which had previous-

ly been weighed. Dry weights were determined after the samples were dried 

0 . 
for 24 hours at 95 C (F isher & LaVoy 1972; EPA 19 -73). Samples were then 

burned at 550°C for approximately one hour (Ibid; C.M. Falter, College 

of Forestry, University of Idaho, pers. comm. 19 76). The remaining ash 

weight was then subtracted from the dry weight to give ash-free ·dry weight. 

Water of hydration I which is present in dried samples but not in a shed 

ones, could cause an over-estimation of insect biomass if not compensated 

for (EPA 19 73). In order to determine the amount of compensation required 

for water-of-hydration loss during ignition, one-third of the samples were 

rewetted and then redried at 95°C after their ash-free dry weights were de-

termined. Weight determi nations .were made to the nearest 0~ 00 01 grams 

on a Mettler Hl5 balance. 

Insect Drift. Insect drift was measured in August 1 19 7 4 1 when Dwor-

shak Dam was operating on a load-factoring schedule (daily flow fluctua

tions for power generation) (Brusven et al. 19 76 ) . Nylon nets of 3 0 em x 

60 em size I with a pore dia meter of 0. 8 mm 1 were used to collect drift-

ing insects. Nets were placed in water depths of 15 I 30, and 45 em at 
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shoreline sites I and III (R .K. 72. 4 a nd 38.01 respectively) I and were left 

in p la c e for one -hour period s beginning at 1 2 0 0 , 18 0 0 I 2 1 0 0 I 2 4 0 0 1 0 6 0 0 1 · 

and · 09 00 hour s in order to reflect daily drift cycles. Water dis_c harge 

· through each net was calculate d I and insect numbers were converted to 

numbers per m3 of water through t ~e nets. Net s were repositioned as need

. ed to maintain the proper depth duri ng daily flow fluc tua tions. 

Insect Behavior In Response To Daily Flow Fluctuations. During late 

August of 19 76 I in sect drift and colonization response to daily flo w cycles 

were measurs;d at shoreline-site III . Shoreline bottom samples were taken 

at 5 1 15 1 30, and 45 em depths at 0900 (low flow) and 203 0" hours (high 

flow); two samples were taken at each depth at each sampling t i me. Drift 

samples were taken at 1500 and 20 00 hours (dusk) during the daily high

flow period; nets were placed at 30 and 45 em depths in order to sample 

both permanently-watered and dit.irnally-:watered substrate. Insect strand 

ing was measured at 1000 hours {loV{ flow) using the wire gr id device de 

scribed by Bru sven et a l. (19 7 4) . 

Dam releases ranged from 1000 cfs to 3600 cfs during the test (D . 

Carpe~terl Dworshak Dam powerhou s e, pers. comm. 1976). This amounted 

to a horizontal change of 8. 5 m·and a vertic~l chan.ge of 15 to 20 em be

tween daily maximum a nd min imum flows at Site III. 

Laboratory Colonization Response to Algal Development. The majority 

of immature aque1tic insects are primary consumers I feeding on a variety of 

per_iphyton and drifting plankton (Hynes 1970) .. The prese_nce or absence 

of perip~yton ·could the.refore have a significant effect on sub strate colon-
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ization by these insects.. A laboratory experiment was conducted to mea sure 

the effects of periphyton ·development on the colonization behavior of selec

ted species of aquatic insects. 

A rectangula r plexiglass- stream was used for th e test (Brusven 1973). 

The stream bottom was covered with a layer of wh ite sand I and s ix fist

size rocks were placed in each quadrant. Two test quadrants contained 

rocks that were covered with periphytic algae, while two control quadrants 

contained rocks that had been autocla ved and scrubbed free of algae. Four 

test conditions were thus available to the insects: barren rocks with 

strong current ( ;1. 0 fps); barren rocks with slow current (>0. 25 fps ); 

algae-covered rocks with strong current; algae-covered rocks with slow 

current. 

Insect species us ed in the test included Ephemerella _ grandis Eaton 

{Ephemeroptera: Ephemerellidae) I Pteronarcys californica Newport (Plecop-

. tera: Pteronarcidae), Brachycentrus sp~ (Trichoptera: Brachycentridae), 

and Dicosmoecus sp. and Psychoglypha sp. (Trichoptera: Limnephilidae). 

A· variety _of food and habitat requirements were thus represented. Only 

one species was used at a time except for Dicosmoe cus sp. and Psycho

glypha sp. I which were combined for the · test. Ten insects wen~ placed 

in each .quadrant and allowed to move around the stream during a 24-hour 

period (one complete light-dark cycle). Insects were then removed from · 

the stream and their positions recorded. · Each species was tested from two 

to six times depending on the availability of test specimens. Only those 

cindividl!als recovered within the four quadrants were included in the test 

results; a test was not considered valid unless at least twenty insects were 

so recovered ·. 
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. In-Stream Colonization Response to Algal Development And Coloniza

tion Time. In order to test the ·effect s of periphyton de ve lopment end colon-

ization time -on insect colonization under na tural co:~ ~itions, a fi eld si m- · 

ulation experiment was conducted in the Clearwater R LVer. A wid e I gently-

sloping riffle was used for the test I wh ich was conducted from August 17 

to Septe mber 16 of 197 6 . 

Two rectangular plots, approximately 2 x 4 m in size, were cleared 

of debris a nd small stones . F ifty autoclaved rocks were placed in the 

"test'' plot I and fift y algae-covered rock_s from the r iver were placed in 

the "control" plot. Rocks were arranged in staggered row s so that eac h 

rock would be subjected t o similar current flow-~ Plots were located s ide · 

by side with their long axis parallel t o the current . The . tes+- plot was 
. . 

closest to shore. Water depth over the plot s va ried Jrom 3 5 to 45 em at 

the start of the te s t , but had decreased to 17 to 2 7 em by the end of the 

test. 

Samples were taken on the 3rd , 7th , 14th, 21st, and 30th days of · 

the test. Starting at the downstream end of each plot ~ ten rocks fro!!l 

· each .Plot were · sampled on e ach sa mpling day; each roc k was t reated a s 

. a separate sample. .An nylon organdy net was placed downstream from a 

sample rock. Each roc k was then scrubbed t horoughly so that all attached 

insects would collect in the net. Preliminary sampling had indicated that 

" 
considerable amounts of organic debris collected around the bases of the 

rocks· and that many insects inhabited this debris, so the c ollecting net 

was held near the water .surface to a void sampling·· thi_s. debris. 
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Community Analysis. Insects were primarily identified u sing keys 

by Edmundson (1959) I Jensen (1966) I Jewett (1959) I and Usinger (1968). 

~ost taxa were identified to species or . morphospecies to facil itate commun

ity analysis. Midge larvae (Diptera: . Chironomidae) were not identified 

below the family .level due to taxonom ic uncertainties within this group. 

Species diversity and evenness were calculated using the Shannon-

Weaver· equation (Margalef 1957; Patten 1962; Pielou 1967; Poole 1974; 

Wilhm & Dorris 1966). Because of the gross errors which could. ari se from 

treating Chironomidae as a single taxon during. diversity calculations I di

versity and evenn.ess were calculated without this group. 

Insect Age-Class Analysis. Insect development patterns were moni

tored carefully during the study. in order to determine whether or not pheno-

·logical changes ha ve occurred during the post:- impoundment period . Insects 

were classified according to body size or the size of body parts as follows: 

age 1 (early in stars); age 2 (middle instars); age 3 (late instars). Wing-pad 

development was particularly useful for distinguishing age classes of the 

. hemimetabolous orders (mainly Ephemeroptera and Pleco'ptera) . . Age-class 

analysis was most difficult with the smaller holometabolous species in 

the orders Diptera and Trichoptera. · Pupae were not included in sample 

counts. Because of the numerous species of Chironomidae present in the 

Clearwater River and my inability to classify them, age-class analysis was 
• 

not performed on this group. 
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RESULTS AND DISCUSSION 

Physical and Chemical Parameters 

Flow . During nor mal-water years, annual maximum a nd minimum 

flows in the C learwater River below Orofino have not d iffered ap preciably 

from pre -impoundment conditions. Although mini mum annual flo ws at Peck 

appear to have increased since the closur~ of Dworshak Dam, th i s ha s not 

been the case except during years of extremely-low natural flows (sue~ as 

19 73 ); the use of daily average flows instead of daily mi_nimums in USGS 

flow records accounts for this apparent increase (Figures 2-3 ). Although 

flows at Peck dropped below the pre -impoundment September minimum when 

the No_rth .fork diversion tunnel V\(as closed in September of 1971, a s im -

ilar flow reduction has not occurred s i nee then. 

Figures 4-6 show the extrapolated position (the Om line) of the per-

manently -watered_ stream bed ba-sed on the lowe st average daily flow 

occurring at each shoreline study site since August 1, 1972. This perman-
. . 

ent waterline vyas 2 , 10 , and 13 meters lower for Sites I, II, a nd III·, re-

spectively, than the lowest waterline encountered during the study period 

(August, 1973 , to August , 1976) ·~ Since no major inflows occur in the 

.. study area below the North Fork I Pe'ck flows were used for shoreline-

sites II and III (R. K . . 50.1 and 38.0, respectively). The relative position 

of the waterline· on sampling days was determined; since samples were -
. . 

usually taken after 1000 hours 1 these figures reflect daily high flows at 

Sites II and III resulting from the operation of Dworshak Dam. The position 

of th e 15, 3 0 ,_ and 45 em test depths in relation to the wa·terline was measured 

beginning in August of 1974 . V(sual exam:inatiori of the strea m hed was 
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used to determine the position of the algal line at irregular time intervals; 

no algal growth was noticeable between the algal line and the waterline . 

Because diurnal flow fluctuations at shoreline-control-site I were normally 

very small I the algal line and .the waterline were nearly equal during the 

su.mmer and fall months; no separate algal line is s hown for Site I (Figure 

4) . Since the ma jority of aquatic insects have a one- to three-year life 

cycle (Hynes 1970) I and since. the present study began one year after the 

August, 1972, baseline date, Figures 4-6 are indicative of the water-level 

conditions which affected ins ects collected during this study. 

Several trends are evident in Figures 4-6. It is evident that almost 

all shoreline samples were taken well outside the permanently - watered 

stream channel. The algal line re-establi shes ·itself each su mmer in rela-

tion to the lowest stable pos it ion of the waterline; exclud ing outside influ-

ences such as rain, the distance between the algal line and the wa terline 

on any given day indicates the diurnal ~hange in the waterline which occurred 

during the previous three weeks (refer tq section on in-stream .colonization 

response) . The extremely- low water level s at Site I in 19 73 were ca used 

by a general lack of precipitatior: during the winter and s pring months. 

Water levels at Sites II and III did not reflect this condition , howe ver. Be-

caus e of reduced power generation at other Columbia River dams that year I 

Dworshak Dam increa sed its flows in order to meet regional power demand s. 
. . 

These higher flows were relatively constant on a daily basis, rathe r than 

exhibiting the diurnal fluctuations of other years (R. George I U.S. Army 

_corps of Engineers' River Control Center I Portland, Oregon I pers. comm. 

19 76) ~ 
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The actual amount of stream substrate available to aquatic insects 

on a permanent basis has not decreased due to the operation of Dworshak 

Dam I but the magnitude of daily flow fluctua tions below Orofino has in

creased considerably except dur ing low-water years like 1973. As has 

been previously stated I dam outflow cannot fall below l 000 cfs at any 

time; while this flow is maintained a t night during the summer and fall 

months 1 daytime flow releases a re near 3600 cfs during these months (D. 

Carpenter 1 Dworshak Dam powerhouse I pers. comm. 1976). This amount 

of fluctuat ion represents a horizontal distance of 8. 5 m at shoreline-s ite 

III (R. K. 38. 0) . Sept ember fluctuations are of even greater magnitude. 

Although the load-factoring schedule presently used by Dworshak 

Dam causes a daily increase in the amount of stream hab itat available to 

aquat ic insects in the Clearwater River I I believe that this habitat is large-

· ly unused by these insects. High-water conditions exist mainly during 

the day light hours when aquatic insects are generally inactive. By the 

time the normally-nocturnal insects become active on a given day I the 

amount of available habitat is decreasing back to daily low-flow levels. 

Entrap~ent due to receed ing water levels is therefore minimized. Since 

flow reductions occur during the cooler evening hours, dessication of 

stranded insects would be less than if flow reductions took place during 

the day; this is especially important during the summer months I when a ir 
. 0 • . 

temperatures often exceed 35 C during the day. 

Insect losses from stranding would be expected to increase. as the 

distance below Dworshak Dam increases. Due to the time required for 
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flows to change downstream, water levels remain high for a longer period 

of darkness . More insects would move i nto shoreline areas during the 

high-water period, thus subjecting themselves to possible entrapment . 

By increasing river flows during low-water years I as was done in 

1973, Dworshak Dam might be of considerable benefit to aquat ic insects 

during such periods. Since Dworshak flows showed little daily variation 

during the summer and fall of 1973, the amount of usable stream habitat 

below Orofino was increased considerably over pre-impoundment condi

tions that year. The long-te rm stabilizing effects of the dam could thus 

'outweigh its negative effects as long as present operating procedures are 

. not drastically altered. 

Water Temoerature . Water te mperatures are expressed as monthly 

highs and lows at Or"ofino I Ahsahka' and Peck (Figure 7). The Orofino re

cording station was not established until 1972 1 while the Peck station has 

been in operation for many years (USGS 1975 ) . 

Water temperatures in the North F.ork at Ahsahka have decreased by 

5° - 11 °C during August and September I and increased by 1° - 3°C. during 

December through February, compared to pre-impoundment conditions (Fig

ure 7). These changes hav~ · resulted in a decrease of 2° - 3°C in summer 

temperatures and an increase o f 1° - 3°C in wirite; temperatures at Peck. 

The moderating ·effects of the Middle Fork of the Clea rwater are obviously 

greatest during the summer. The abnormally-high temperature recorded at 

Orofino in 1974 was probably an erroneous reading caused by ,partial or 

complete dewatering of the probe (Brusven · et al. l9l6). 
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Water Chemistry. Oxygen concentrations in the rna in Clearwater 

River r~mained well above the 6 parts per million recommended as a mini-

mum for most aquatic life (Idaho Dept. of Environ. &Community Services· 

1973) (Table 1), and were similar to those reported by Peters (1973 ) . Any 

·changes in the aquatic-insect communities below Dworshak Dam are prob-

ably due to factors other than dissolved oxygen, since this parameter has 

not changed significantly from pre-impoundment conditions. 

Other aspects of water chemistry, such .as nitrate and phosphate 

concentratio.ns, were not measured. A detailed study of .Dworshak Reser--

voir by Falter (1976) indicated that changes in ion concentrations . in the 

reservoir outflow probal?ly did not occur during my study. 

Biolog ical Parameters 

Benthic Insect Community. The distribution and relative abundance qf 

aquatic insects at intensive study sites are presented in Appendix A. Taxa 

are ranked according to relative abundance using a base-ten logarithmic 

scale; each rank is ten times the minimum number of insects· needed to enter 

the riext lower rank. Although shoreline and basket -samples are not compar-

able _either numerically or taxonomically (Mason et al. 1973; Wene & Wick-

liff 1940), ·data from both sampling methods is presented together for con-

venience. 

• In order to provide a better understanding of community trends, insect 

densities are tabulated by date, order, and sampling depth for all sites 

(Tables 2-5). High water velocity made it unsafe to sample the 45 em depth 

· at Site II i.n August o.f 1973 -and July of 1975, causing the loss of 45 em data 

on these occasions (Tab les 2-3 ) . 



29 

Table l. Dissolved oxygen (mg/l) from the Clearwater River, May 1974 

Date 

V-7-74 

VI-12-74 

VII-9-74 

VIII-6-74 

IX-5-74 

X-11-74 

XI-22-74 

XII-18-74 

I-75 

rr-13-75 

III -2 6-7 5 

IV-16-75 

V-20-75 

VI-19-75 

VII-20-75 

VIII-21-75 

IX-75 

X-3-75 

XI-13-75 

XII-11-7 5 

to December 19 7 5 . (Data from Walla Walla District, U.S. Army 
Corps of Engineers}. 

Site: Mai n. Clearwater R. North Fork at Main . Clearwater R. 
at Orofino (RK 67 .6 ) Ahsahka (RK 0. 5) at Peck (RK 60. 2) 

13.9 11.7 11.7 

10.3 10.8 10.9 

13.4 9.9 10.8 

10.0 9.4 9.6 

10. 1 9.5 9.5 

11. 1 10.3 11.0 

11.9 10.4 11.0 

12 . 1 10.9 11.7 

No Data No Data No Data 

13.5 9.6 11.0 

13.0 11.9 12.4 

13.3 9.3 11 .4 

11. 6 10.0 11.4 

10 . 9 10.5 10.7 

8.6 11. 1 9.2 

8.7 10. 1 9.4 

No Data No Data No Data 

10.2 10.2 9.8 

13 .2 10.9 12.4 

11.5 9 . 5 11.2 



Table 2. Insect density (number/m2) at Shoreline study sites on the Clearwater River, 1973-76. Numbers .over 100 ·rounded to nearest 
l 0. ND == no data. 

Aug Oct Jan Feb Jul Jul Aug Aug Sep Nov Mar May Jul Aug Sep Oct Jul Average 
#Loca tion Depth 2 25 28 13 9 27 13 29 20 8 14 23 14 12 10 15 1 

73 73 •74 74 74 74 74 74 . 74 74 75 75 75 75 75 75 76 

Site I 
(R. K. 7 2 • 4) 1 5 c m 52 9 0 3 0 50 1 0 0 6 9 0 2 7 0 2 2 0 18 8 0 6 3 0 18 6 0 1 08 0 7 5 19 8 0 3 3 0 1 1 7 0 1 1 7 0 2 4 0 21 0 1191 

30 em 3880 4240 200 1180 150 220 1640 2030 1880 1610 82 1590 630 1200 1470 1740 330 1416 
45 em 4860 52 00 480 1220 250 110 2840 3580 1640 2920 79 1050 2490 1680 12 60 900 930 1852 w 

• 0 
Average 4680 416 0 260 1030 220 180 2120 2080 1790 1870 79 1530 1150 1350 1300 960 490 1486 

Site II . 
(R.K. 50.1) 15 em 3130 1660 7 480 690 970 1560 470 43 1210 110 3390 250 1580 11 7 50 861 

' 30 em 2010 3180 39 510 900 1350 1020 1830 82 2160 200 1280 1110 121 0 21 82 46 1002 
45 em ND 6750 36 1660 1710 1260 2270 1000 290 1120 240 18 90 ND 17 9 0 79 880 43 1401 

Average 2570 3860 27 880 1100 1190 162 0 1100 138 1500 180 2190 680 1530 37 323 46 1076 

· site In 
(R.K. 38.0) 15 em 6060 2370 28 250 200 330 1490 1290 3 870 11 · 550 600 560 14 32 862 

30 em 4890 3490 18 510 250 300 2030 1490 7 1760 36 1340 660 430 7 61 21 1018 
45 em 5470 3850 25 390 440 220 1680 2330 25 2080 32 1120 1840 470 100 150 54 1193 

Average s·6SO 3240 .24 380 300 28 G 1730 170 0 12 1570 26 1000 1040 490 36 75 36 1024 



2 Table 3. Insect density (number/m ) at shoreline study sites on the Clearwater River, 197 3-76. Numbers over 100 rounded to nearest 10. 

Aug Oct -Jan Feb Jul Jul Aug Aug Sep Nov Mar May Jul Aug Se p Oct Jul Ave·rage 
Order Site 2 25 28 . 13 9 · 27 13 29 20 8 14 23 14 12 10 15 1 

73 73 74 74 . 74 74 74 74 74 74 75 75 75 75 75 75 76 

. Ephemeroptera I 370 210 60 190 110 100 630 480 550 740 45 138'0 360 210 430 330 340 384 
II 590 600 14 270 320 270 390 250 57 800 150 1250 340 34 0 6 180 342 
III 360 1230 14 13 0 120 140 350 280 1 570 8 700 570 86 2 24 2 270 

Plecoptara I 110 36 2 26 2 8 58 33 42 50 1 42 15 37 33 15 7 30 
II 150 45 2 23 31 9 32 28 5 67 5 33 54 25 3 30 
III 58 76 2 3 2 2 8 . 19 55 1 9 6 20 2 15 

Trichoptera I 3340 2480 · 100 380 14 9 1170 1460 1030 870 5 7 460 700 650 490 15 775 
II 680 2430 2 100 520 130 750 640 12 240 1 61 72 330 5 45 3 354 w 

........ 
III .. 32 00 1470 3 170 100 8 97.0 1210 680 36 240 210 1 11 7 489 

Diptera I 680 1230 93 430 63 58 190 76 140 150 27 85 280 290 89 98 81 239 
II 850 620 8 480 . 140 760 350 120 51 280 31 750 180 770 25 75 25 324 
III 1970 410 3 76 49 130 320 140 8 260 17 240 200 150 31 .34 18 239 

Coleoptera I 150 89 3 8 30 9 63 27 20 so 21 31 20 19 11 37 33 
II 310 140 7 54 30 92 70 15 100 2 94 20 81 1 17 18 62 
III 62 23 3 13 1 28 6 2 l 18 23 40 2 1 8 14 

Lepidoptera I 14 120 8 6 11 12 10 
II 36 3 9 3 1 3 
III l 1 1 1 

Odonata I 8 1 1 . 1 1 2 2 1 
II 1 2 1 3 1 1 
III 1 1 1 



Ta ble 4. · Insec t density (number/basket) a·t deepwate r (basl<.et) sites, Clearwater River, 1974 -: 75. 
Average densities ·1 and 2 m d e pths. · ND = No data. 

Aug Sep Dec Feb Sep Oct N o v Avg. 
Location Depth · 28 30 23 ll 17 29 17 

74 74 74 75 75 75 75 

Site IA 
(R. K. 8 0. 5) 45 em ND ND ND ND 4456 ND ND 

1 m ND ND ND ND 7520 2890 ND 5207 
2 m ND ND ND . ND 5152 2363 ND 3758 

·Average 633 6 2629 4482 

Site IB 
(R. K. 7 2. 9) 45 em ND ND ND ND 904 ND 824 

1 m 9752 2304 823 688 -192 8 ND 1280 2767 c..; 

2 m 3384 592 512 1056 2808 ND 213 6 1640 N 

Average 6568 1448 668 ' 872 2368 1708 2204 

Site HB 
(R. K. 57. 9) 45 em ND ND ND 1000 3856 380 ND 

1 m 14207 5984 3944 1232 5107 2600 ND 5512 
2 m 5536 9520 2265 1784 7680 1272 ND 4676 

Average . 9872 7752 3105 1508 6394 1936 . 5094 



Table 5. Insect density (number/basket) by order a t deepwater (basket) sites on the Clea rwater 
River, 1974-75. Average density of 1m and 2m depths. ND == No data. 

Aug Sep Dec Feb Sep Oct Nov Avg/Site 
Order Site 28 30 23 11 17 2.9 17 

74 74 74 · 74 74 74 74 

Ephemeroptera IA ND ND ND ND 1661 842 1252 
IB 21'21 220 208 136 404 ND 52·8 603 
HB 2425 86 0 914 404 1136 750 108 2 

· Plecoptera IA ND ND ND ND 123 156 140 
IB 43 10 16 28 52 ND 43 32 
HB 28 92 28 8 20 64 40 

Trichoptera IA ND ND ND ND 4291 1206 2749 
IB 2901 234 11 476 1657 ND 105 6 1056 

• HB 382 7 · 1200 49 608 41 40 306 1688 

Diptera IA ND ND ND ND 264 424 344 
IB 2127 98 3 434 232 252 ND 76 684 
HB 3598 5599 2114 488 1092 814 2284 

Coleoptera IA ND ND ND ND 2 1 
IB 2 2 4 ND 4 2 
HB 4 1 4 2 

Le pidoptera IA ND ND ND ND 
IB ND 
HB 4 2 1 

Co.) 

w 
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Unless otherwise specified I abundance ratings and numerical tab~es 

for shoreline sample s are -based on the number of insects per square meter. 

Due to the three-dimensional nature of basket samplers I basket data was 

- -
not so converted; the same abundance scale applies to both shoreline and 

basket samples I howe ver. 

It is significant to note that shoreline-:- site I (R . K. 72. 4) I which was 

not affected by daily flow fluctuations from Dworshak Dam 1 exhibited a 

noticeable increase in insect density with increasing depth (Table 2). 

This phenomenon could notbe explained on the basis of habitat stability 

alone I a nd was· probably due to insect food requirements I factors related 

to current velocity 1 and decreased light penetration (most aquatic insects 

are negatively phototactic) (Hynes 1970). In the case of Diptera and Tri-

choptera , avoidance of very-shallow areas by late-instar larvae may be a 

pre-adaptive mechanism to avoid dessication during pupation (Sm ith 1964; 

Walker 1972). 

Insect density was much greater at all shoreline sites in 1973 than 

in years since then (Table 2). This could be expected at Site I I . since ·ex-

tremely-low natural flows that year allowed samples to be taken on· a part 

of the stream bed that was undisturbed for a long period; that part of the 

river .was not available for sampling during sub sequent years I which could 

cause an apparent decline in density even though none actually occurred . 
. . 

But the decline over ti me occurred at all sampling sites, including basket 

. sites. I believe that 1973 ·was an ·'nusual_ly~favorable year for insect sur-
. . 

viv_al. Unusually-~ow flows I espec ia lly during spring runoff, probably 
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decreased insect mortality from stream-bed scour and forced insect' drift. 

Reduced mortality, combined with stable, above-normal flows below the 

North Fork in 19 73 I could cause a large number of insect progeny to be 

produced for 19 7 4. But Clearwater flows were extremely high and fast in 

1974 I with spring runoff lasting severa l weeks longer than normal. It is 

likely that insect mortality was also above normal during this period; in-

creased runoff mortality, plus a return to pre-impoundment summer habitat 

levels, would cause fewer insects to be available during the 1974 sampling 

period, and would cause fewer insects to be produced for 1975 (assuming 

no ·density-dependent increase in fecundity). The normal flow conditions 

of 1975 (USGS 1965-75 ) probab ly did not allow insect density in the study 

area to return to 1973 levels. 

The number of insect species present at shoreline sites varied with 

both time and locati on, being lowest at all sites in 1973 (Table 6) . An in-

crease in 1974 at Sites I and II was followed by a decline in 1975. Species 

counts also increased at Site III in 1974, although to a lesser degree than 

at the other sites, · but did not decline in 1975. The larger number of species 

collected in 1974 and 1975 probably reflect the larger number of sampling 

dates in those years (7-8) as· compared to 1973 (2). Such species as 

Ephemerella flavilinea , E. tibialis, and Emp ididae (sp.) were only collec-

ted in years after 1973 I as were many other rare or sparse species {Appen-
• 

dix A). 
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Table 6. Total and average number of species present at intensive 
study sites on the Clearwater River, 1973-75. Numbers ex
clude Chironomidae (Diptera). 

Loca t ion Year: 19 73 19 74 1975 A v~rage . 

Shore Site I (R. K. 7 2. 4) 54 69 65 63 

Shore Site II (R.K. 50.1) 52 73 65 63 

Shore Site III (R .K. 38. 0) 44 ~ .H 50 

Ave. 50 65 61 

Basket Sita IA (R. K. 8 0 . 5) 36 36 

Basket Site 18 (R. K. 72. 9) 39 42 41 

Basket Site HB (R. K. 57. 9) 36 _g 34 

Ave. 38 37 

Table 7 shows the ordinal composition of the insect communities at 

all sampling sites~ . While there was little variation among shoreline .sites 

for Eph e meroptera, Trichoptera was less important at Site II (R. K. 50. l ) 

than af Sites I and ·rrr (R. K. 72.4 and 38. 0, respect ively). Brachycentrus 

sp . . was less dense in 1 975 at Site II, which reduced the average density 

of Trichoptera and therefore its relative importance at Site II. Diptera 

(mainly Chironomidae) was densest at ~ite II, which accounted for part of 

the ·apparent decrease in I:richoptera at the site. 

Insect biomass a t Site s I and III in July and August of 1976 is s h9wn 

in Table 8. During J uly , large- max imum weights usually resulted from the 



Table 7. Ordinal composition (average %) of aquati c -insect communities at intensive study 
sites, Clearwater River, 1973-76 (1974-75 for basket sites). River kilometer in 
parenthesis. 

Shoreline Sites Basket Sites 
Order !(72.4) II(SO.l) III (38. 0) IA(80.5) IB (7 2 • 9) HB (57 .9 ) 

Ephemeroptera 26.6 30.1 26.3 27.9 25.4 21.2 

Plecoptera 2. 1 2.7 1. 5 3. 1 1. 3 . 0.8 

Trichoptera 53~7 31.2 47.6 61.3 44.4 3 3. 1 

Diptera .. 16 ·• 6 29.1 23.2 7.7 28.8 44.8 

Coleoptera 2.3 s .·s 1.3 0. 1 0.1 0. 1 

Odonata 0. 1 0. 1 0. 1 0 0 0 

.Lepidoptera 0.7 0.3 0. 1 0 0 0. 1 

.1 

w 
'-l 
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Table 8. Insect biomass (ash-free dry we ight; kg/hectare & lbs/ acre) 
at two shoreline study sites , Clearwater River , VII - 22-76 and 
VIII-22-76. Lbs/acre in pa renthesis . N = 4. -

Shore-Site I (R. K. 7 2. 4) Shore S ite III (R. K. 38. 0) 

Da te 15 em 30 em 45 em 15 em 30 em 45 em 

VII-22-76 Max 2. 045 - l.. 08 6 2.840 0.028 0.060 1.562 
(11 . 11 7) (5. 904) (15.439) (0. 153 ) (0.326) (8.490) 

Min 0.331 0. 351 0.337 0.018 0.023 0.129 
· (1.799) (1 . 908) (1 .832) (0 .096) (0.125 ) (0. 700) 

Ave 0.935 0.591 1 .582 0.023 0.042 - 0.8 63 
(5. 083 ) (3.2 13) (8. 60) (o. 127) (0.230) (4.689) 

VIII -·2 3-76 Max 2. 65 ? 1.513 2. 960 0.522 _0.410 2.24 1 
(14.443 ) (8 .2 23) (16. 091) (2. 837) (2. 204) (12 .182 ) 

M Ln. 0. 77 6 0 .235 1. 13 5 0.064 0.229 0. 790 
(4.217 ) (1. '275 ) (6.172 ) - (0. 345) (1. 2 46 ) (4.294) 

Ave l • 7-58 0 . 801 2.310 0.202 0 .353 . 1 .465 
(9. 558 ) (4.354) (12. 560) (l. 10) (1. 917) (7 . 9·64) 

• 
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presence of a single large stonefly numph I Claa ssenia sabulosa (Banks) 1 

in one or more of the samples from a given site and depth. Fewer August 

sample s contained these numphs I with larger numbers of a variety of 

spec ies being pre sent. Taking this sample difference into a ccount, Site I 

had appr?ximat~ly twice as muc h .insect biomass in August as did Site III . 

Depth had little effect on biomass at Site I in August, as evidenced by the 

wide overlap of sample ranges for the three sampling depths. Biomass was 

similar at the 15 and 3 0 em depths in August at Site III; but much greater 

at 45 em; the magnitude of this increase was much greater than was expec

ted according to density data (Table 2) I and was probably due to flow con

ditions prior to sampling rather than to "average II conditions at the site. 

Diversity and evenness 1 which are two commonly-used indices of 

community structure I provide a better understanding than straight numerical 

analysis on how aquatic-insect communities vary under a variety of post

impoundment conditions (Appendices B & C). In general, Shannon-Weaver 

diversity values from 2. 5 to 3. 5 indicate a healthy; · well-balanced commun

ity (Patten 1962; Wilhm & Dorris 1966). Values less than 2. 5 indicate 

decreasing habitat quality due to siltation I organic pollution I or some other 

' factor, while . values greater than 3. 5 indicate increas ingly sterile condi

. tions. where many species are present but few are abundant (Ibid.). An 

evenness of 0. 5 or greater indicates an increasing evenness in species 

.abundance I while values below 0. 5 indicate increasing domination of the 

insect community by a few very-abundant species. 

Diversity and evenness were affected by both site and depth at ·the 

shoreline sites. Nearly three-fourths of the samples taken at · Site I were 
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within the optimum 2. 5 - 3. 5 diversity range. This decreased to one-third 

at Site II and one-half at Site III. Sa mple s outside the optimum range were 

usua lly below it. But l/4 of the samples were above t he optimum diver-

sity ra nge at Site II , and I am una ble t o explai n this. on the basis of. commun-

ity den._sity. All sampling depth s at Sites II and III experienced a similar 

number of low diversity values; these low values usually occurred when 

samples contained very few insects , or were dominated by Brachycentrus 

sp. or Chironomidae. While most low evenness values occurred at the 15 

and 30 em depths at Si te II, all depths at Site III experienced these low 

values. As with low diversity values, low evenness values occurred when 

samples contained very few insects, or when one or a few species such as 

Brachycentrus sp. was very nu merou s. Diversity and evenness were quite 

si mila r at Site s I and -III when samples were taken on perma nently- watered 

stream bed; Site II had e ven fe wer low values than Sites I_and II~, suggest-

ing that· increa sing shoreline s lope discourages the buildup of dense pop -

ulat ions of particular species. 

Table 9 shows the seasonal occurrence of selected . insect species 

at shoreline sampling sites . Of these species, only Rithroge na hageni 

Eaton appeared to experience phenological changes due_ to the influence 

of Dworsha k Dam; age-3 numphs persisted for a · longer p~riod of time at 

Site III. - But this did not Qccur at Site II or at the Harper• s Bend basket 

• 
site, making it doubtful that the dam affected the phenology of any of the · 

species liste~ . Since the se were among the most-common species collec-

ted during the study , it is unli kely that -Dw.or.shak Darn has had any 



Table 9. Seasonal occurrence of immature · aquatic insects at shoreline sampling si tes, Clearwater 
River, 1973-76. Solid Hne (--) =· known periods of occurrence. Dashed line (---) .= 
extrapolated occurrence. * = month(s) when largest numbers were collected . X= age-

· class 3 immatures present. No sa mples taken in April, June, and Dece mber. 

Taxa Site Jul · Aug Sep Oct Nov Dec Jan Feb Mar ·Apr May Jun 

Eph en1eroptera 
EQhemerella All X* X 

margarita 
Needham 

.Para le pto- All * * -----------phlebia 
heteronea 
(McDunnough) 

Rithrogena I X * X ----- --- ---hageni II X * * X ----- --- ---Eaton • III * X X X ----- ---- ---
Trichoptera 

Bra chycentrus All * X X X -----.sp. 

Cheumatopsyche All X X* X* X ---- -- ---
sp. 

Glossosoma sp. All X* X * -----~-----
Hydropsyche sp .A All * * 

~---- ---· 
sp • . B All * X 

Hydroptila sp. t * * ? ? ? 
II& 
III * * ? ? ? 

Le Qidostoma All X * * X X --- ----- ---· 
s p. A 

~ 
....... 
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significant effect on river benthos through changes in watertemperatures 

below the North Fork. 

Location had a c onsiderable effect on deepwater be nthos . The two 

original basket sites. (IB and Harper ' s Bend; R. K. 72.9 and 57.9 I respec-

tive_ly) were not comparable in insect density 'Table 4) . If shoreline trends 

were also reflected in bas ket samples, Harper's Bend would have had fewer 

insects than the Orofino sites; just the opposite was true, however . I be-

lieve that this reflected the atyp ical habitat _pre sent at the Orofino basket 

site I which wa s located directly below the mouth of Orofino Creek. Logging 

arid· agricultural activities have caused Orofino Creek to carry a heavy s ilt 

load for many years. It is likely that the high runoff of .1974 removed 

· accumulate-d silt from the Orofino basket site, causing a temporary increase 

in habita t quality at the site . Siltation from the creek was fairly light in 

1974, but was so heavy in 1975 that the site was finally abandoned. I be -

lieve that siltation accounted for most of the decrease in insect density 

t hat occurred at the Orofino ba sket site in 1975 I while runoff-caused -mor-

tality was responsible for the decrease in densi~y at Harper's Bend (Tab le 4). 

The largest amount of silt accumulated at the 1 m depth at Orofino; 1Nhile 

insect density was always greatest at the 1 m depth in 1974, density was 

greatest at 2m in 1975, indicating a movement of insects away from the 

zone of siltation (Table 4). This movement was particularly_ noticeable_ for 
. . . - . -

the caddisfly Cheumatopsyche sp. and the dipteran Chironomidae. There -

was no c ons istent relationship between depth and insect density at Harper's 

Bend. Density was greatest at 1 m· at the alternate control site above or·o-

fino (R . K • 8 0 . 5) . 
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Conclusions based on depth were complicated by the very-large 

number of insects which occurred in the August,_ 1974, 1m basket sam

ples (Table 4). Average density was s imilar for both the 1 and 2 m depths 

at Orofino and Harper's Bend without the August, 1974 samples. Includ

ing these sa mples caused the overall average den sity to be greatest at 

1 m depths at both sites. Chironomidae was the most -abundant taxon in 

the August samples, followed by Hydropsyche sp., the Ephemerella iner

mis-infreguens complex, and Cheumatopsyche sp. The overall conclusion 

is that thriving I healthy insect _communities exist to depths of at least 2 m 

in the Clearwater River; these deeper areas may support even more insects 

than do shoreline riffles I which contradicts the findings of Needham (1934) 

and Pate (1931, 19 32 ) . This, plus the high dens ity of insects found at 

Harper's Bend I supports the idea that the reduction in density that occurred at 

the shoreline test sites was confined to those areas subjected to daily 

flow fluctuations (Tables 2, 4 ). 

Trend comparisons of 45 em shoreline and basket samples at Site II 

(R .K. 50.1) and Harper's Bend (R .K. 57 .9 ) showed that basket samples had 

from 4. 6 to 500 times as many insects in 1975 as did shoreline samples 

·when both sample types were compared on the basis of equal sampling 

areas (Tables 2 & 4). - This broad range of differences was probably due 

to the variable effects of fluctuating flows I since both sites are under the 

influence of Dworshak Dam. The continued greater colonization of basket 

samplers- supports the idea that baskets offer a superior habitat for insect 

colonization to some species; by rising above the· natural substrate'· bas

kets serve as a collection point for drifting insects & organic detritus, 
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and provide a place of attachment for filter-feeding organisms such as 

the caddisfly Brachycentrus sp. Basket cobbles are completely unimbed- · 

dedI allowing maximum util iz ation of their surface area. 

The ordinal c omposition of deepwater insect communities varied 

rna inly in the percentage of Diptera and Trichoptera present (Table 7). 

Among -the Trichoptera I Hydropsyche sp. 1 Cheumatopsyche sp. I and 

Brachycentrus sp. were the most-common species at all basket sites; 

ordinal differences by site for th i s order were due mainly to dens ity dif~ 

ferences for these species (Appendix A). The filter-feeding cadd isflies 

should have been more common below Dworshak Reservoir 1 but were 

actually less prevalent below it. Part of the apparent decrease in Tri

choptera was due to a large increase in Diptera (mainly Chironomidae) 

at Harper's Bend (Table 5). Chironom idae also increased at Site II 1 

adding to an apparent decrease in Trichoptera there. The only ordtna 1 

change that might be expected on the basis of observed site differences 

was the decrease in Diptera at · Orofino. Edwards et al. (1974) found 

that some species of Chironomidae required free-flowing I unsilted con

ditions in order to_ reach maximum abundance, and that few species were 

common in transition zones where h?bitat conditions were unstable; con

ditions at the Orofino site were not stable during the 1974-1975 sampling 

period. 

Diversity and evenness at the three basket sites did not show a high 

degree of correiation with community density (Appendix C ) . Although den

sity was similar at the a lter_nate control site (R. K~ 80. 5) a nd at Harper's 
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Bend (R.K. 57 .9) in 1975, diversity and evenness were usually lower at 

Harper's Bend. This was due to the larger numbers of Bra chycentrus sp. , 

Cheumatopsyche sp., Hydropsyche· sp. A, and the Ephe m-erella inermis

infreguens complex present a t Harper's Bend (Appendix A) . Diversity de -

creased over time at the two lower ba sket s-ites; evenness also decrea·sed 

a t both sites 1 but remained fairly high throughout the study period o 

Insect Colonization Response To Algal Development and Coloniza-

Laboratory attempts to quantify the effects of algal growth 

on insect colonization behavior revealed that, of the four species or species 

complexes tes ted, two occurred most often on algae-covered rocks (Table 

1 0). Ephemerella grand is Eaton is a grazing mayfly, while the ~addisflies 

Dicosmoecus sp. and Psychoglypha sp. are detritivores- (Hynes 1970) . 

Because of apparent niche si mila ritie s, these two caddis flies were combin- -

ed for the test; both species- were collected from identical natural habitats. 

At least under test conditions, these species distributed themselves accord 

ing to fooC:i a va ilab il i ty . 

Like most stonefi les, Pteronarcys californica Newport requires large 

amounts of oxygen and/or rapid current velocity in order to survive (Ibid . ) . 

This species c ongregated Where current velocity was highest during most 

te st replications, but colonized algae-covered rocks when the filamentous 

diatom Gomphonema sp. was the dominant periphyton. Richard son (1965) 

• 
classed.£.. californica as an omnivore_, feeding on whatever was available 

_(includi ng Gomphonema sp.); this large stonefly was observed grazing on 
-

Gomohonema sp,: when this alga was present on the test rocks. The large 



Table 10. Colonization response (% recovered/habitat) of selected insect species to two levels of current speed (fast or slow\ i 

and algal growth (algae-covered rocks or clean rocks) in an artificial stream. Max= maximum, Min= minimum, and 
Ave = average % r2covered in repl{cations. Based on a minimum of twenty insects recovered in each replication. 

# of Algae- . Algae~ Clean- Clean- Algae Clean F·a st · Slow 
· Species Test s Fa.st Slow Fast Slow 

-
Ephemeroptera 

Eoheme re lla 2 Max · 32.5 47.5 18.5 14.8 80.0 33.3 48.1 52.5 
grand is Min 29.6 37.0 15.0 5.0 63.6 20.0 47.5 51.8 
Eaton Ave 31.0 42.2 16.7 9.9 71.8 26.6 47.8 52.1 

Plecoptera • ~ 
0'> , 

Pt e rona rcys 6 Max 41.4 37.9 63.6 21.9 79.3 75.0 93.5 37.9 
<J li fornica Min 18.7 _JhQ 20.7 o. o· 2 5·. 0 20.7 62. 1 _b.i 

Newport Ave 31.4 13.3 45.1 10.2 44.7 55.3 76.5 23.5 

Trichoptera 
Bra chycentru s 5 Max 63.3 16.7 82.0 9.8 80.0 87.1 92.2 23.4 

sp. Min . 5. 3 2.6 13.3 2.6 12.8 20.0 76.6 7.7 
Ave 29. 1 10.2 54.7 6.0 39.3 60.7 83.8 16.2 

Dicosmoecus sp. 6 Max 45.5 50.0 31.8 17.2 95.5 45.4 68.2 58.6 
PsychoglyEha Min 24. 1 18.2 0.0 3.6 54.6 4.5 41.3 31. 8 
sp Ave 36.6 33.0 17.6 1T.2 71.2 28.7 54.2 45.8 
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variation in test results was due to the presence or ab sence of this alga 1 

since .f. californica seldom left areas of maximum current unless Gom-

phonema sp. was present. 

The c a ddisfly Brachycentrus sp. I which feeds by filt~ring drifting 

plankton from the water (Hynes 1970) , was most common where current vel-

ocity was highest; this would be expected because of its feeding habits. 

Under natural conditions I this species would probably avoid low-velocity 

shoreline areas. 

Although only a few species of insects were used in the laboratory 

test 1 the te st does show the importance of food in the distribution of im-

mature aquatic insects in other-wise suitable habitat. 

The results of algal develop ment and time of insect colonization, .in -

volving whole insect communities I are given in Tables 11-12 and Figure · 8. 

Although this test was scheduled to run for four weeks 1 low natural flows 

on the 27th day caused at least partial dewatering of the test plot. High 

flows from Dworshak Dam on the 28th day made if impossible to collect the 

final set of samples until two days later. Because these flow changes in

validated the last set of samples 1 test results are shown for only the first 

· 21 days. · Col6nization for non-sampling days was estimated from regres

sion -analysis (Table 11) I which determined the follovving relationships: 

Plot A (c.ontrol) Y = -3.70 + 13.589 Day - 1. 241 Day2 + 0. 0405 Day3 

• 2 . . 3 
·Plot C (test) Y = -1.36 + 4.557 Day- 0.6066 Day -t 0.0274 Day . 

These formul_ae accounted for 88% of the variation in the control plot and 

96 % of the variation in the test plot . . The .coefficient' of variation was 32 % 

and 31%, respectively. 



Table 11. Insect colonization behavior (insects/cobble-sized rock) in response to coloniza
tion time and algal development in the lower Clearwater River, VIII-17-76 to IX-16-
76. Based on samples taken after 3, 7, 14, and 21 days. Numb ers in parenthesis 
estimated from regression. * == significant difference between plots for the same 
day. ** = significant difference within the same plot. P < 0. OS. Significance not 
applied to regression data. 

Rock Condition 

Clean (Plot C) 

Algae-Covered 

(Plot A) 

Count 

Max 

Min 

Ave 

Max 

Min 

Ave 

3* 7* 

14 19 

3 3 

8 10 

42 70 

20 26 

2·7 46 

Colonization Period (Days) 
14* 18 21 25 30 

39 (50) 131 {171) (35 3) 

9 (38) 48 (152) (3 05) 

19 (44) **81 (161) (3 2 9) 

86 (8 6) 184 (211) (424) 

18 (64) 64 (175) (3 3 5) 

51 (7 5) **109 ( 19 3) (38 0) 

~ 
co 
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7, 14, and 21 da y s, Clearwater River 1 VIII-17-76 to 
IX-7-76. _Based on 10 rocks per sam pling day per plot. 
Vertica l line = range in repiications. 



Table 12. Density of selected insect taxa (average number/cobble-sized rock) during a sub
strate colonization test in the C learwa ter River, VIII -16-76 to IX-7-76. Ba.sed on 
ten rocks per plot, for clean rocks (Plot C) and algae-covered rocks (Ptot A). 
Rang e (low-high) in parenthesis. 

Taxa 3 7 Days 14 21 

c A c A c A c A 

E phe meroptera 
Ba e t i s b i cauda t u.s 2 . 4 1 • 1 3 • 3 1 • 0 2 • 8 0 . 7 1 . 2 3 • 0 
· Dodds (0-8) (0-5) (1-1 0) (0-4) (0-14) (0-2) · (0-4) (0-11) 
Baetis parvus Dodds 0.3 0.0 0 .4 0.2 0.5 0.8 0.0 0.6 

(0-2) (0-3) (0-2) (0-3) (0-3) (0-3) 
Cinygmula sp. U.O 0.0 0.0 0.0 0.3 0.8 6.1 4.3 

(0-2) (0-3) (3-17) (1-7) 
Ephemerellainermis 0.0 0.0 0.0 0.0 0.3 0.4 4.3 2.3 

-infrequens · (0-2) (0-2) (1-9) (0-11) 
complex 

R ithrogena hageni 0 0 3 0. 0 0. 1 0. 2 0. 2 0. 7 1. 3 0 0 6 
Eaton (0-1) (0-1) (0-l) (0-2) (0-3) (0 -4) (0-2) 

Trichoptera 
Brachycentrus sp. 

Cheumatopsyche sp 

G.los sosoma sp . . 

Hydropsyche sp. 

Hydroptila sp .. 

Diptera · 
Chironomidae 

Lepidoptera 
Parargyractis sp ~ 

Oo2 2.0 0.6 2.9 0.7 4.4 1.3 2o4 
(0-l) (0-4) (0-2) (0 - 12) (0-2) (0-9) (0-3) (1-6) 
0.7 2.0 Oo8 2.3 1.1 3.4 7.9 3.6 

(0-2) (0-6) (0-2) (0-7) (0- 3) (0-7) (0-19) (0-12) 
1.0 o.7 0.2 1.8 · o.2 3.0 2,.2 5.8 . 

(0 -4 ) (0-2) (0-2) (0-4) (0-l) (0-7) (0 -5) (1-15) 
0.0 0.2 0.2 0.6 0.8 1.3 1.4 3 o7 

( 0- 2) ( 0- 1 ) ( 0- 2) u ___ jO-7 )_ _ _ _{Q- 7) (0- 3) ( 0- 1 2) 
0.0 OoU 0.0 OoO 0.0 0.0 0.9 0.5 

(0-4) .(0-3) 

2.7 20.0 4.2 34o5 11.3 32.6 47.9 46 .7 
(0-7) (14-28) (0-7) (19 -5 7) (2 - 17) (19-47) (25-81) (30-69) 

0.0 0.6 0.3 
(0-3) (0-2) 

0.7 
(0-4) 

0.2 
(0-1) 

5.7 
(2-16) 

2.3 
(0-9) 

33.2 
(7 -5 7) 

U1 
0 

I 
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The number of insects per rock in the test plot did not increase sig-

nifica ntly during the first two weeks of the test (P < 0 . 05) (Steele & Torrey 

19 60); no algae was e·vident on t he test rocks during this period. Algae was 

noticeable on t~s t rocks by the 21st day 1 and insect colonization of these 

rocks increased significa nt ly b etween the 14th and 21st days of the test. _ 

This ·same pattern also occurred in the control plot (Table 11; Figure 

8). There was no significant increase in colonization during the first two 

weeks of the test, although insect counts were significa ntly higher in the 

control plot tha n in the test plot during this period. Even though the con-

trol rocks had a well-developed growth of periphyton during the test (Cyan-

ophyta: · Oscillatoria sp.) I it took between two and three weeks for colon

-ization in the test and control plots to be statistically equa l. Control 

roc k s undoubtedly supported some insects at the start of the test I wh ich 

accounted for some of the initia l differences between plot's. Current vel-

ocity through the control plot was approximately 3 0% greater than through · 

the test plot I which could have ~ncrea sed the rate -Of colonization in the 

control plot. Although current differences were -not evaluated during the 

fir st two week s .of the test, average counts for the 21st day were nearly 

30% higher for the control plot than for the test pl_ot; cons idering the ~ide 
- ' 

overlap in colonization .range s for the two plots on that day, this may or 

may not be a coincidence (Figure 8) _. 

• 
Reg.ardle ss of periphyton development or colonization time I almost 

·any insect s oe cie s could be ahsent from su itable cobble substrate (Table 

·· 12). Most species collected during the test appea~ed to be opportun i sts; 
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they needed time to colonize newly-watered s-ubstrate more than they 

needed a particular le vel of algal growth I since their average coloniza-

tion rate increased over time while the minimurn number of insects per 

·rock did not. This was true even for most of the mayflie s I which fe ed 

mainly on algae (Gilpin & Brus ven 19 70 ; Hynes 1970). 

There were three exceptions to the opportunist theory. Chironomidae 

(Diptera) was closely associated with algal development, colonizing read-

ily once a coveri ng of periphyton was established. Parargyractis sp. 

(Lepidoptera) was even more demand ing in its habitat requirements I need-

ing both well-developed periphyton and a fully-watered period of at least 

three weeks before colonization occurred in large numbers. Baetis bicau-

datus Dodds I on the other hand 1 colonized newly-watered substrate al-

most immediately; this was particularly true in the test plot 1 where an 

average density of more than -100 Baet i s bicaudatus per m2 was realized 

within three days (Table 12). vValker (1972) al so noticed t hat Baetis sp . . 

moved rapidly into newly -watered areas. 

Colonization values for the 25th and 30th days of the test are prob-

ably overestimates (Table 8). The average number of ~nsects per rock in 
. 2 

the test plot on the 25th day · would equal at least 7 I 000 insects per m 

which ~xceeds the highest density found in shoreline sa mples (Table 2) . 

Due to the presence of squared and cubed terms in the regression equations I 

calculated values increased rapidly as colonization time increased~ The 

regression formulae did not recognize such factors a s insect requ irements 

for food an9 space I _ uneven distribution due to negat ive phototaxis I and 
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phys~cal limits of the rocks. It is likely that these factors reduce9 the · 

ra te of colonization ·after three weeks, s ince colonization of basket sam

plers was found to be e ·ssentia lly complete in four weeks (baskets were 

not tested for a thr~e -week -period) . 

I believe that the overa ll conclu sion to be drawn from bot h t he lab

oratory and in-stream colonization tests is t hat I although a few species 

may require a certain level or type of algal growth before they will inhabit · 

otherwise-su itable substrate, most species of aquatic insects present in 

the Clearwater River simply require time in which to colonize .an area of 

habitat. Although the initial colonization rate was higher when algae wa s 

present, there was no mass movement of insects (except possibly Chiron

om idae) onto the substrate just because algae was present. Few insects 

would colonize an area of shoreline habitat unles s it was fully watered 

for more than two weeks. Small daily flow fluctuations therefore present 

minimal danger to immature aquatic insects below Orofino as long a$· the 

integrity of the stable portion of the river bed 1s maintained, which refutes 

Ward'-s - (1 976) suggestion that d iurna l flow fluctuations could decimate· in

sect communities even without stranding. 

Results of the in- strea-m colonizatio:1 test suggest that several flow 

co:1ditio~ s co"..lld reduc~ the number of insects collected in shoreline sam

ples: 1) samples could have been taken on substrate that was subjected 

to ·.daily flow fluctuations, which was often the case at Sites II and III; 

2) flo-..vs could have increased within two weeks of samplin_g I remaining hig h 

during the- interim period; or 3) flows could have been st:::ady prior ~o s a!Tl pling 
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except for a short-term decrease, which could cause massive abandonment 

of the substrate by insects which had already colonized it. In every in-

stance where low Il:Umbers of insects were collected at the two test sites I 

Peck flows had increased by at least 44% within two weeks of sampling; 

either the magnitude of daily flow fluctuation s had increased I or the · water 

level had increased and remained high. Low densities were thus caused 

by where the samples were taken within the stream bed rather than by 

changes in the insect communities present at the test sites. The one in-

stance of low densities at the shoreline control site resulted fro m a large 

flow increase at Orofino prior to sampling. Low insect densities consisted 

mainly of mayflies and midge larvae I with caddis flies usually poorly repre-

sented . Some of these insects probably inhabited clumps of organic detri-

ttis 1 or lived in the gravel interstices of the stream bed; neither of these 

habitats were sampled during the in- strea rn colonization test I but were 

included in regular shoreline sampling. · 

Short-term field studies revealed that little colonization occurs on 

substrate subjected to daily dewatering (Tabl_e 13). Samples taken on August 

24 were taken on substrate that was partially dewatered during daily minimum 

flows; although most of the substrate was covered with periphyton 1 the up-

per surface of some cobbles was barren (indicating dewatering). While the 

30 and 45 em depths were relat(vely stable prior to August 24 1 heavy rains 

• 
raised the water level in the river so that August 27 samples taken shallower 

than 45 em were taken on substrate that was newly watered. Visual ins pee-

tion of -the dewate~ed habitat on August 24 revealed no insects,· living or dead. 
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Table 13. Volumetric (ml) compari s on of benthos and drift samples 
take n during daily maxL: u rn and mini mu m flows at shore
line -site III (R. K. 38. 0) , Clearwater River, 1976. Based 
on two benthos and one drift sample taken at each depth. 

De ~th 

Date Sample Flow (cfs ) 5 cin 15 em 30 em 45 em 

Aug 24 benthos 4300 (min.) 1-1 1-1 1-2 1.5-2.5 

Aug 27 benthos 7500 (max .) 0-0 0-0 1-l l-:-2 

Aug 27 drift II 1 . l 
(3-4 pm) 

Aug 27 .drift ll 
s~5 14.5 

(8-9 pm) 

Insect Drift. :rhe results of drift stud ies are presented as both the 

tota l ·number of insects drifting through the nets per hour, and the number 

drift i ng per cubic meter of fl ow per hour (Figures 9 - 11)., Mayflies and 

caddisflies, which made up the ma j ority of insect drift I are included in 

the total and are considered separate ly. 

Drift results su.pport earlier statements concerning the degree of in-

sect colonization occurring at the three shoreline sampling depths. Al-

though the largest total number of insects per hour drifted at the 45 em 

3 depth at both Sites I and III I the largest number per m of flow drifted at 

the 15 . em depth at both sites. This reflects the increase in insect density 

that occurred with increas i ng depth, and the low·er quality of ha b ita( pre sent 

q t the l 5 e m d e pth. In s ects resid ing in relati vely poor ha b itat would tend 
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to drift in larger numbers in search of better habitat I and would probably . 

drift for a longer distance for the same reason . 

Although insect drrft in regulated streams may increase with both 

increa sing and decreas ing discharge (Anderson & Lehm Ku hl 1968; Minshall 

& Winger 1968), this apparently did not generally occur in the Clearwater 

River below Orofino (F igures 9 - 11). As is the case in non-regulated 

streams, drift increased rapidly at dusk, peaking at approximately 2400 

hours; like results were found by Pearson & Franklin (1968), Radford & 

Hartland-Row~ (19 71), and Peters (19 7 3) . 

Drift samples taken during daily maximum flows at Site III showed a 

three-fold increase ifl drift volume between the 30 and 45 em depths (Table 

13) . · The 45 em net wa s placed on s ubstrate that was continually watered 

. or subjected to only partial de watering 1 while the 3 0 em net was on sub

strate that was completely dewatered each night. Judging by the s mall 

volume of benthos collected on th i s dewatered substrate 1 it is likely that 

much of the 3 0 em drift was carried towards shore by eddies from deeper 

areas. Much of this. drift consisted of e merging adults I which wo~ld be 

subjected to a greater variety of currents than wo~ld immature insects 

living on the stream bed. 

Insect Community Changes Over Time. During the pre sent study, a 

number ofc·ommunity and species changes have apparently occurred in the 

Clearwater River from what was reported by Walker (1972) and Peters (1973). 

f0y conclusions concerning mayflies generally differ from those of 

earlier a uth ors. Although Wa lker ·theorized that Baetis s pp . might decli ne 
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under fluctuating flows because of a possible te ndency to occupy newly-

watered substrate, such a decline did not occur. The large -scale drift 

increase exhibited by Baet i s spp. in response to rapid flow reductions, 

observed b y Peters (1973 ) , probably minimiz e d s tranding of this group . 

Althoug h Peters found that Ephemerella marga r ita Needha m was · not iceab ly 

less abundant at 15 em than a t 30 and 45 em, I found no such trend; den-

sity was either not affected by depth (Sites I and II), or was actually 

greater at 15 em (Site II I) . Peter s also reported that Righrogena hageni 

Eaton (B_. undulata of Peters) increa sed in a bundance with depth; this was 

only observed at my Site III. I cannot attribute these differences solely 

to po$t-impoundment conditions. 

Two species of caddisflies a ppear to have incre ased during t he post-

impou nd ment period. Walker (1 972 ) did not li st Hydroptila sp. or Lepidos- . 

·toma sp. A, while Peters (1973) listed the former as rare (unknown Trichop-

tera of Peters) a .nd the latter as common (Micra sema sp. of Peters) . Ex-

am ination of Peters' spec imens revealed that his Lepidostoma sp. was 

actually a species of Li mr:ephilidae. Because Peters and I used different 

abundance scales, the act)Ja l ma g nitude of these apparent populati on in

creases cannot be determined. Filter-feeding organisms could be expected 

to increase below a reservo ir, but this apparently has not occurred in the 

Clearwater. 

.. 
The direct relations hi p between larval size a·nd water depth that Wal-

k~r found for Brachycentru s sp. wa's not evident in my samples I with size 

being ma inly a func tion of sampling date. Walker suggested that small 



61 

Bra chycentrus sp. larvae might suffer high mortality in temporarily-wette_d 

habitat, but this apparently did not occur at my test sites because this 

species did not readily colonize such habitat. 

Vvhile pre -i mpou-ndment studies re cog nized only a single s pec ies of 

Hvd::-oos ych e (Tr ichoptera) , I ha ve recognized t wo species in t r.1s genu s 

in the study area. Hydropsyche sp.A. larva e have a dark head with no 

light markings, while sp. B has noticeable lighter markings on top of the 

head which vary from faint to very distinc t ; the genae of sp. B are also 

lighter in color than · those of s p. A. When collected together, larvae of 

sp. B were u s ually · larger than those of sp. A; there is not sufficient infor

mation to assume that sp. B emerges first, however. I did not rear either 

species in the laboratory . Because there are ·no .larval keys for this genus, 

identi fica tion beyonq morphospecies is not possible. All of Peters' spec

if1!ens appea r to be sp. B I while Walker's specimens were not availaple 

for comparison. This may r~present either an increase in sp . A sincE? 1972 

or simply a· failure of earlier studies to recogniz e the specie s; even the 

pres ent study did not separate t he two species until 1975. · 

The increase in Chironom ida·e (D iptera ) in shoreline· areas expected 

· by Walker in res ponse to dally flow fluctuations did not occur during my 

study. Popula tions either re mained stable or declined. The strong corre

·la tion between periphyton d evelopment and the presence of Ch ironomidae 

accounts for its low density in areas subjected to daily dewatering I since 

little periphyton is present under_ such conditions . . Edwards et ·al~ (19 74 ) 

also not ed a decline in s ome species of midges in areas of uri·stab le habitat. 
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Although P.eters found Chironomidae (Tendipedidae of Peters) to be more 

. co mm on in very-shallow areas, my findings did not corroborate this ex-

cept at shoreline- Site III (R .· K. 38. 0). 

Dlfferences between Peters • resu lts and mi ne may be pa rtly attribu-

ted to different analys is methods. He analyzed data from several months 

of the same year, while my conclus ions regarding species changes are 

based on a comparison of selected months for three different years. Also, 

Peters did not have a study site at my Site II, while I d.id not take samples 

at his Sit~ s 1 and 4. 

My biomass data differs from that of Peters. Peters found that bio-

mass was similar at the 30 and 45 em depths but much less at 15 em, while 

I found that biomass was similar at 15 and 45 em and somewhat less at 30 

em. ·soth studies agreed that biomass was greatest at 45 em. I can see 

no logical rea son for these differences other than chance variation or some 

undetected habitat deficiency. These differences are based on samples 

taken on stable habitat (all Peters • sites and my Site I), and do not reflect 

the effects of daily flow fluctuations. 

The · decrease in diversity with increasing depth found by Peters under 

stable flow conditions is neither supported nor rejected by my data. Half 

the samples from my shoreline control site showed this trend, wh i e ha lf 

showed an increase in diversity with depth. On the average, diversity was 

• 
the same (2.8) at both the 15 and 45 em depths. Again, I can see no logical 

reason for the differences in our findings other than chance variation. Con-

sidering the small magnitude of Peters• diversity difference with depth 
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(approxi mately 0 . 2) and the fa ct that the diversity values reported by both 

stud ies are indicative o f healthy I dy namic insect communities I these dif

ferences have little meaning as far as insect com_munity structure i s con

c erne d . 
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SUMMARY 

A study to determine the post-impo~ndment effects of Dworshak Dam 

on aqua tic insects in northern Idaho's Clearwater River wa s carried out" 

from August, 1973~ to Septe mber, 197 6. The dam is located on the North 

Fork of the Clearwater at Orofino. The study area included approximately 

eight kilometers of the main river above the dam and thirty kilometers be-

low the dam. 

Three sampling methods were used during the study. Three shore

line sites (one control and two test sites ) were sampled once a month at 

water depths of IS I 30 1 and 45 em using a cylindrical bottom sampler. 

Mid -channel areas of 1 m and 2 m deep were sampled using rock- filled 

wire baskets left in the river for one-month periods to allow time for in-

sect colonization to occur. Basket sa mp lers were used only in 1974 and 

19 7 5 at two control sites and one test site. Insect drift was sampled at 

two shoreline sites in August, 19741 and August, 1976 1 for intermittent 

one-hour periods in order to reflect daily drift cycles. 

Both laboratory and in-stream simulation tests were conducted in or-

der to provide an understa nding of insect habitat preferences and coloni-

zation behavior. Selected insect specl.es were tested in an artificia l 

plexigla ss stream using two levels of current velocity and periphyton de

velopment. In-stream colonization tests were conducted iri the Clearwater 
• 

River using both clean and algae-covered rocks arranged if! rectangular 

plots on a stream riffle. Samples were taken after colonization periods of 

T I 7 I 1 4 I and 2 1 days • 
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Dworshak Dam has had little appreciable effect <?n yearly max imum 

- or minimum flows in the main C learwater River duri ng most years. Low 

regional water supplies in 1973, ho wever , c a u sed the da m to rele ase above

nor mal a mo unts of wa ter on a non- flu c tua t ing 8asis in order to rri ee t reg- ._ 

ionaL power de mands. Duri ng other ye ars, da ily water-level fluctuat ions 

of up to 60 vertical centimeters have occurred on a regular basis during 

power-generating activities at the dam . By maintaining a minimum North 

Fork flow of at least 1000 cfs at all times I Dworshak Dam has assured 

that the a mount -?f usable stre am ha bitat_ below Orofino equals or exceeds 

· what was available prior to impoundment . The dam has thus had a stab-

ilizing effect on river benthos during low-water years. 

Ri ver temperature s- b e low Orofi no are approximately 3°C cold er in 

late s ummer and 3°C warme r in wi nter compared to pre-impoundment c on-

dit io ns I but these temperature changes appear t6 have had little effect on 

river benthos. Oxygen concentrations in the main Clearwa ter below the 

dam have rema ined well with in the tolerance range of most aquatic orgq. n-

ism s during the po~t-impoundment period . 

Dworsha k Dam ha s had fe vv: detr imental effects on river be-~ t hos dur-

ing the post-impoundment period. Daily flow changes cause a temporary 

increase in aquatic habitat during- daylight hours 1 but few aquatic insects 

(which are normally noc turnal) colonize this temporary habitat. Entrapment . . 

• 
and subsequent dessication of insects in this habitat are thus minimal. 

Although i ns~ct density was lower at t he shoreline test sit es than at -the 

control site , th i s occurred be c ause t e st s ites were oft e:n sampfed on sub-
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strate that was subjected to daily dewatering. Insect density increased 

with increasing depth at all shoreline sites, indicating insect avoidance 

of very-shallow areas even under natural flow conditions. Insect density 

was even higher at basket s ites than at shoreline s ite s , indicat ing that 

mid-channel areas up to 2 m deep may support more insects tha n do shore-

line riffles. Basket data also supports the idea that Dworshak Dam has 

not decreased insect density below Orofino . Diversity and evenness have 

remained high, indicating that the dam has not damaged community sta-

bility by favoring only a few insect species. Insect communities in the 

Clearwater River remained healthy and well balanced. Although insect 

density declined at all sites during the study period, this was probably 

due to natural conditions rather than to the operation ofDworshak Dam. 

Laboratory and in-strea m colonization tests confirmed the importance 

of food in habitat selection by immature aquatic _insects. Under natura' 

conditions, colonization time was found to be more important than periphy-

ton development in determining insect density on cobble substrate. Al-

though midge larvae (Diptera; Chironomidae) were closely associated with 

periphyton development, it took between two and three weeks for coloni-

zation by most species to be statistically equal on newly-watered and 

permanently-watered substrate. Two tO three weeks were required for 

periphyton to develop to detectable levels in the Clearwater River in late 
. . 

summer . Submerged substrate without periphyton was watered for less 

than this period, making the algal line useful for determining the extent 

of daily flow fluctuations. 
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Drift studies revealed that, although the highest total nur:nber of 

insects per hour drifted at the 45 em depth, the a rgest number per m3 

of flow drifted at the 15 e m depth. This support s the id~a that, even 

· under natural c ond itions , hab1ta t qua lity is reduced nea r t h e wate r' s 

edge. A.lthough ins e c t density a nd water velocity were less at 15 em, a 

larger percentage of the insect community drifted at this depth than at 

30 and 45 em (assuming equal flow volumes at all three depths). 
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APPENDIX A. Distribution and relative abundance of aquatic insects in the main Clearwat~r River, 
1973-75. R ==Rare (l-10 insects oe r m2); S =Sparse (11-100 insects perm ); C-= 
Common (1 Ol-1 000 insects per m2'); V -= Very Common (over 1, 0 00 insects per mz). 
Represents the highest density recorded in each year ba sed on the total number of 
insects collected from all depths on one sampling date at a given si te in a given 
year. * = a give n spec ies, if pre sent, included in genus listing t ha t year . 
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APPENDIX A. (continued) 
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APPENDIX A. (continued) 
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APPENDIX A. (continued) 
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Parargyracfi s sp. c R s s s R R R R R 

_ORDER : ODONATA 

s_na ll£.9 rna sp. R 
0Qh iogo rnohus sevcrus manta nus s R 

Rl 
R R R 

I 
R R 

(Selys) 



Appe nd ix B. Shannon-Wfaver f,iversity, evennes s '· number of species, and nu mber of insects 
per 0.28 m (3ft) a t. shoreline study sites, Clearwater River, 1973 -7 6 . All 
·numbers exclude Chironomidae (Diptera). *No samples taken. •j 

Shore Site I {R.K. 72.4} 

Di versityLDeQth E venne s SLDe Qth S Qecie sLDeQth Ins ects,LDeQth 
Da t e 15 em 30 em 45 e m 15 e m 30 e m 45 em 15 em 30cm 45cm l5cm 30cm 45cm 

VIII-2-73 2.36 2.7 5 2 .53 .47 .5 6 .54 29 28 24 1241 914 1219 
X-25 -73 2.79 3.45 2.93 .60 . 69 .61 23 30 28 744 77 2 985 
I -28~74 3.26 3. 02 2. 61 . . 82 .74 .63 11 12 14 19 32 93 
II - 13-74 3.50 3.25 3.26 .87 . 73 . 71 16 21 21 80 213 222 
VIh-9-74 3. 11 3. 12 2.73 .73 . 78 . 72 15 13 12 53 30 52 
VII-27-74 2.85 3.04 3.26 .72 . 72 .87 12 13 13 42 36 26 
VIII -13-7 4 3.29 3 ."19 2 .20 .68 .68 .45 25 24 27 444 418 76 2 

-.....] 

Vli i - 29-74 .. 2,61 2. 76 2. o8 · .57 .64 . 48 18 18 19 159 55 4 970 -.....] 

IX-20-74 2.87 2. 97. 3.03 .63 .63 .63 21 26 25 499 496 414 
XI- 8- 74 2.81 3.58 3.14 . 62 . 71 .63 22 30 29 287 . 436 740 
III-14-75 .1. 57 2.13 2.82 .64 . . 81 .78 4 6 8 10 18 15 
v~ 23-75 . 2.01 2.31 2.60 .44 .52 .65 20 20 15 518 424 . 29 1 
VII-14-75 2-.99 3.30 2.21 . 80 .74 .48 12 20 23 76 145 50 9 
VIII-12-75 3.54 3.41 2.78 .79 .69 . 63 20 26 19 187 278 42 9 
IX-1 o·-7 5 3.76 3.30 2.97 .7 7 .· 6 7 .62 29 27 25 293 39 5 33 3 

. X- 15-75 2·. 14 1.93 3.41 .60 .43 . 71 9 21 24 5-l 443 229 
VII - 1- "76 2.03 1.92 3.03 .78 ."45 .65 5 13 21 54 88 201 

I I 



Appendix B. (continued) . 

Shore Site II ~R. K. 50.1) 

Divers i tyLDeQth Evennes SLDeQth SQeciesiDeQth InsectsiDeQth 
Date 15 em 30.cm 45cm lScm 30cm 4Sc m lS cm 30cm 45cm lScm 30cm 45cm 

VIII-2- 73 3.60 3.70 * .73 .74 * 28 29 * 541 443 * 
X-25 -73 3.17 3.00 3.04 .63 .60 .62 31 29 30 410 837 1478 
I-28-74 0.00 2.16 2.00 .00 . 77 .70 1 5 5 1 8 8 
Il-13-74 3.02 3.14 2. 56 .70 .69 .64 15 18 15 53 120 169 
VII -9-7 4 3.71 3.73 3.19 .71 .7 7 .69 27 24 24 161 231 433 
VII-2 7-74 3.43 3.62 3.78 .78 .80 .77 18 20 26 78 107 22 2 
VIII-13-74 3.84 3.75 2.39 .76 .76 .49 32 26 28 259 223 588 
VIII-29-74 · 3.49 2. 79 2. OS .75 .58 .so 21 25 16 114 461 258 

-......] 

IX-20-74 ., 2.25 2.26 2.80 .89 . 79 .77 5 6 11 6 14 58 00 

XI-8-74 3.71 3.29 3.65 .78 .67 .83 26 26 20 264 540 265 
III-14-75· 1.65 1.52 1. 81 .69 .46 .53 5 8 9 25 50 56 
V-23-75 1. 9 6 1. 81 2.02 . so .so .56 14 11 11 782 145 305 
VII-14-75 3.03 3.30 * .76 .70 * 14 25 * 59 227 * 
VIII -12 -75 3.52 3.76 3.91 .69 .77 .76 27 24 32 18 0 159 302 
IX-1 0-75 0.00 0.00 2.50 .00 .00 .87 1 1 6 l 1 8 
X-15-75 0.00 1.63 2.53 .00 .54 .56 1 5 21 1 14 193 
VII-1-76 2.35 2.45 2.29 . 81 .94 . 71 6 6 6 14 12 11 



Appendix B. (continued)' 

Shore Site III {R. K. 38. 0} 

Divers i tyiDeQth E venne s siDeQth S Qecie siDeQth InsectsiDeQth 
Date lScm 30cm 45cm lScm 30cm 45cm lScm 30cm 45cm )Scm 30cm 45cm 

VIII-2-73 2.61 2.43 1.98 . 57 . 51 .47 22 26 18 691 l069 1342 
X-25-7 3 2.54 3.05 3.29 . 57 .68 .72 21 21 23 590 87 1 928 
I-28-:-74 1.·79 0.00 1.79 .73 .00 .73 4 5 4 6 5 6 
II-13-74 2.41 2.58 2.63 .64 .6 5 .75 10 12 11 58 119 89 
VII-9-7 4 2.70 3.41 2.70 . . 79 .74 . 59 10 19 18 51 67 102 
VII-27-74 2.52 2.90 1. 93 .77 . 72 .72 9 13 6 .3 7 45 43 
VIII-13-74 2.68 1.88 2.10 .60 .44 .47 22 .18 20 286 489 407 
VIII-29-74 1.54 1.24 2.03 . 34 . 31 . 48 20 14 17 306 380 618 -......] 

• <..o 
IX-20-74 0.00 0. 00 0. 0 0 .00 .00 . 00 1 1 2 1 1 2 
XI-8-74 2. 40' 2.78 2 .. 18 .65 .6 3 .54 12 19 16 207 391 497 
II'r - 14-75 b.oo 0.81 0.00 .00 .77 .00 2 2 2 2 4 2 
V-23- 75 2.25 2.53 2.76 .56 .63 .58 14 15 21 131 304 208 

· VII-14-75 2.98 2.91 2.68 .69 .66 .54 19 18 27 134 155 425 
VIII-12-75 3.47 3.45 3.19 .82 . 81 . 78 17 15 15 89 102 96 
IX-1 0-75 0.00 1.50 .00 .78 0 1 3 0 l 4 
X- 15-75 0.00 1 . 55 2 . 50 .00 . 74 . 80 l 4 8 1 8 25 
VII-1-76 1.50 0.91 2.5'2 • 71 . . 61 .75 3 2 7 8 3 12 

... I. 
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Appendix C. Shannon-Weaver diversity 1 evenness, number of 
species I and number of insects per basket at bas
ket sites on the Clearwater River, 1974-7-5. All 
numbers exclude Ch ironomidae (Diptera). 

Bas Ket Site IA (R .K . 80.5) 

Diversity Evenness No. Species No . Ins ects 
Date Depth: lm 2m lm 2m lm 2m lm 2m 

IX-17-75 

X-29-75 

2.38 2.76 .58 .69 17 16 

23 

7088 5056 

3.50 3.28 .77 .72 23 2430 1995 

Basket Site IB (R. K. 72 . 9) 

VIII-28-74 2.97 2.34 .65 .57 24 17 6080 2816 

IX-30-74 3.03 3.48 .74 .90 16 14 776 156 

XII-23-7 4 3.58 2.93 .80 . 73 21 14 237 321 

II-11-75 1.94 1. 8 5 .57 .53 10 11 472 848 

IX-17-75 2.44 2.99 .65 .70 13 19 1712 2520 

XI-17-75 2.56 2.39 .65 . 61 15 15 1232 2040 

. Basket Site HB {R.K. 57. 9) 

VIII-28-74 2.71 2.79 .64 .70 19 16 8015 4560 

IX-30-74 2.78 2.82 .69 .68 16 17 1504 2832 

XII-23-74 2.27 2.78 .so .66 22 18 1473 728 

II-11-75 2.50 1.37 .75 .39 10 11 552 1512 

IX-17-7 5 2.41 2.28 .• 55 .52 20 20 3875 6728 

X-29-75 2.41 2. 22· .53 .56 22 15 . 1268 984 
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