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ABSTRACT 

We assessed the transport of granitic bedload sed i­
ment (<6.35 mm diameter) in streams flowing through 
central Idaho mountain va lleys and the effects of the 
sediment on juvenile salmonids and aquatic insects. We 
measured bedload sediment transported in the streams 
during the spring snowmeh runoff and the summer low­
flow periods for 2 years , to test the appl icability of the 
Meyer-Peter, MUlier equation for est imating such transport. 
In both years the streams transported all the sediment 
available, including that under the armor layer of the 
stream bottom in the first year. The modified Meyer­
Peter, Muller equation proved accurate in estimating the 
transport capacity of such streams using measurements 
of slope, hydra ulic radius and mean diameter of streambed 
material. 

In artificial stream channels, benthic insect density 
in fully sed imented riffles(>2j3 cobble imbeddedness) 
was one-half that in unsedimented riffles, but the abun­
dance of drifting insects in the sedimented channels was 
not Significantly smaller. In a natural stream riffle, benthic 
insects were 1.5 times more abundant in a plot cleaned of 
sediment, with mayflies and stone flies 4 and 8 times 
more abundant, respectively. Riffle beetles (Elmidae) 
were more abundant in the uncleaned piaL 

During both summer and winter, fewer fish remained 
in the artificial stream channels where sediment was added 
to the pools. The interstices between the large rocks in the 
pools provided essential cover necessary to maintain large 
densities of fish. Fish in sedimented channels exhibited 
hierarchical behavior, while those in unsedimented channels 
were territorial in behavior. In small natural pools (100 to 
200 m2 ), a loss in pool volume or in area eeper han 
0.1.. m from additions of sediment resulted in a proportional 
decrease in fis h numbers. We did not , however, find signj· 

fIcan( correlations between riffle sedimentation and fish 
density in the two natural streams we studied. Fish abun· 
dance was Significantly correlated with insect drift 
abundance in one stream , but not in the other. The 
amounts of sediment in the two streams studied did not 
have an obvious adverse effect on the abundance of fish or 
the insect drift on which they feed. 
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Transport of Granitic Sediment in Streams and 

Its Effects on Insects and Fish 

In 1972 we initiated st udies to determine the 
amou nts of fine sedime nt «6.35 111m in diameter) in 
streams which had det rimental impacts on aquat ic insects 
and juvenile fish and to assess the ability of streams to 
transport such sediment. We did not concern ourselves 
with how the sediment got into the st reams; that is the 
province of the hydrologist and the watershed specialist. 
In a comprehensive review paper, Cordone and Kelley 
(1961) summarized the evidence indicating that fine 
sediment is detrimental to aquatic life in streams, but 
they concluded that the question, " How mllch sed iment is 
harmful?" had not been answered. Since then researchers 
have determined the amounts of fine sediment which re· 
duce the survival of salmonid embryos in the gravel or 
prevent them from emerging successfully as fry (Bjornn 
1969, Phillips et al. 1975, Hausle and Coble 1976). Re­
searchers have had less success in providing a quantitative 
answer to the question of how much fine sediment is harm· 
fu l to aquatic insects and juvenile fish residing in st reams. 

In addition to its detrimental effects on fish emb ryos, 
fine sediment could reduce the capacity of rearing areas 
by covering or filling the stream bottom with sand , de· 
creasing the amount of fish habitat and the abundance of 
aquatic insects, thereby decreasing the growth and/or 
density of fish in the st ream. We report herein our work 
to quantify the impacts of given amounts of fine sedi· 
ment on aquatic insects and juvenile salmonids, and to 
determine the capacity of streams to transport bedload 
sediment of the type present in the centra l Idaho batholith . 

The central Idaho batholith is a 16,000 square mile 
expanse of intrusive, acid , igneous rock (Fig. I). Various 
granitic rocks are found in the batholith; however, quartz 
monzonite predominates. The granite base rock decom· 
poses into a coarse sand that is easily eroded from the 

Published with the approval of the Director, Forest, Wildlife and 
Range Experiment Station, and the Director, Idaho Water Resources 
Itesearch Institute, University of Idaho, Moscow. COnlribution No. 
59, Forest, Wildlife and Range Experiment Station. Cont ribution 

o. 7762, Agricultural Experiment Station. This project was 
supported with funds provided by the Office of Water Research 
and Technology as authorized under the Water Resources Research 
Act of 1964, as amended, the U. S. Fish and Wildlife Service, 
Un iversity of Idaho and Idaho Department of Fish and Game. 

steep , relatively unstable slopes in many of the dra inages 
(Platts 1975). Megahan (1972) found that sediment produc­
tion var ied over a range of one order of magnitude in 
small undisturbed watersheds in central Idaho. Natural 
and man·caused disturbances have resulted in substantial 
depositions of fine sediment in some stream channels 
of the batholith . Construction and maintenance of roads 
for logging, recreation, mining and other uses has been 
the main source of fine sed iment in the streams. 

The fine sediment found in 1110st streams of the 
ba tholith and referred to throughout this report was 
primarily a coarse sand. Megahan (I975) analyzed 6 1 
samples collected from sediment retention reservoirs in 
small streams and found the composition shown in 
Table I . In our studies we designated all particles less 
than 6.35 mm in diameter as fine sediment. Megahan also 
analyzed for organic matter and found an average of 
5.1 percent by volume-weight in 90 samples. 

Table I . Composition of 6 J sediment samples collected from 
rctcnt ion reservoirs in the central Idaho batholith (Mcgahan 1975). 

Particle Composition 
Description of sediment diameter (mm) (% by we ight) 

Gravcland larger > 7.900 3.4 
Gravel 4.750-7.900 5.3 
Gravel 2.000-4.750 25.5 
Sand 1.000-2.000 22.7 
Sand 0.500-t .000 t6 .0 
Sand 0.250-0.500 t t.8 
Sand 0.075-0.250 t2.6 
Sand 0.050-0.075 t.0 
SiJt and clay <0.050 t.7 

Thc authors are Professo r of Fisheries Resources, Profcssor of 
Entomology, Profcssor of Agricultural Enginecring, Assoc iate 
Professor of Civil Engineering, graduate student in Fisheries Re· 
sources, Research Associate in Civil Engineering and graduate 
student in Entomology, respect ively. 
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Fig. 1. Locatio ns of stud y areas for 1974 and 1975 in the central 
Idaho batholith . 

In the streams we studied, the percentage of fine 
sediment in core samples taken from riffles ranged from 
20 to 75 percent. This agrees closely with Corley 's find­
ings ( 1976) of 19 to 77 percen t bedload sedi men t in core 
samples collected in spawning riffles of the Sout h Fork of 
the Salmon River. In general , ri ffles with no more than 
20 percent fine sediment were relatively clean, while 
riffles with over 30 percent fine sediment usually appeared 
as fully imbedded with fine sediment. 

First-Phase Studies 

The fi rst phase o f our studies (1 972-1 974) was 
reported by Bjornn et a!. (1974) and resulted in th ree 
theses (Stuehrenberg 197 5, Sandine 1974, Ne ilson 1974). 
During this phase we looked at the effects of sediment in 
streams in three ways: 

I _ In three natural streams in the Idaho batholith 
we measured the amount of fine sediment in 
the substrate of riffles and correlated this 
with sediment movement , standing crop of 
insects, numbers of drifting insects and the 
distribution and abundance of juvenile chinook 
salmon (Oncizarizyncizus lshawy lsciza Walbaum) 
and steel head trout (Sa/rna gairdneri Richard­
son). 

2 

2_ 

3. 

We constructed laboratory stream channels 
to control some of the environmental variables 
so that we could assess experimentally the 
effects of va rious levels of ri ffl e sedimentation 
on the distribution and abundance of insects 
and fi sh. 

We added fi ne sediment to both pools and 
ri ffles in a batholith stream to assess the effects 
of large amounts of fi ne sediment added to a 
stream that normally had small amounts of 
sediment. We measured the physical characteris­
tics of the stream and moni tored the fi sh and 
insect populations be fore, immediately after, 
and 3 weeks after the sediment was added. 

At the conclusion of the fi rst-phase studies, we had 
determined the fo llowing: 

I. Negligible amounts of sed iment moved in the 
study streams during the summer. 

2. Based on the physica l characterist ics o f the 
streams we studied and a re view of bedload 
discharge formulas , the Meyer-Peter, Muller 
formula appeared to be the equation most 
applicable for estimation of sediment trans­
port capacities of the broad mountain vaUey 
streams we were studying. We now needed to 
fi eld-test the formula during a spring runoff 
with fl ows capable of transpo rting the sedi­
ment. 

3. Natural st reams with the largest amounts o f 
fine sediment had fe wer insects, but the den­
sity and size of fish we re equal to those in 
streams with smaller amounts of sediment. 
We did not find evidence of a detrimental 
impact on fi sh during the summer rearing 
period from excessive amounts of fine sedi­
ment in riffles. 

4 . 

5. 

When we added fi ne sediment to pools in the 
small test stream , the abundance o f fi sh de­
creased proportionately to the decrease of 
pool volume or area. This was evidence of a 
direct impact on fish from fine sediment in a 
stream during the summer. We now needed 
to repea t the test to improve our confide nce" 
in the results. 

Sediment added to riffles in our laborator), 
stream channels reduced the winter carrying 
capacity for small age 0 t rout and salmon. 
We also needed to add sediment to the deeper 
pool and run habitat in streams to see if this 
reduced the winter capacity fo r larger fish . 



6. Insect abunda nce was not decreased by adding 
sediment to riffles in ollr laboratory stream 
channels nor by adding sediment to a short 
section of riffle in a naturaJ stream. Species 
diversity decreased temporarily in both the 
channels and the natural stream , but there 
was no measurable effect on the density of 
benthic insects nor the abundance of drifting 
insects fo llowing the addition of sediment. 
These findin gs were in conflict with our sam­
pling in natural streams, so we needed to repeat 
these tests and take a closer look at the changes 
in species composition and insect microhabitat. 

Second-Phase Goals 
The second phase of our studies began in 1974, 

with field work during the 1974 and 1975 field seasons, 
and will also result in three theses (Klamt 1976 ; C. Schaye , 
in preparation ; E. Chacho, in preparation). Based in part 
on our findings in the first-phase studies, we formulated 
the following goals for the second phase: 

I . Measure the transport of bedload sediment 
in study streams and evaluate the applicability 
of the Meyer-Peter, Muller formula for predic­
tion of bedload sediment transport. 

3 

2. Repeat the test conducted during the first 
phase in which we added fine sediment to 
riffles and pools in a natural stream. 

3. Compare the benthic insect composit ion and 
dens ity in cleaned and uncleaned portions of 
a natural stream riffle with large percentages 
of fine sediment. 

4. Add large rocks to the pools and cobbles to 
the riffles in the laboratory stream channels 
to provide insect and fish habitat different 
from that of the first phase. Then add sediment 
to both pools and riffles, and monitor the 
effects on insects and fish during Summer and 
winter periods. 

5. In two streams with variable amounts of 
sediment in their riffles, measure the amount 
of sediment in rimes, the abundance of insect 
dr ift and the density of fish in connecting 
pools at numerous pool·riffle sites to see if 
there is a correlation between naturally­
occurring fine sediment in streams and the 
abundance of fish and insects. 

J 



TRANSPORT OF SEDIMENT 

In the first phase (1972- 1974) of the sediment trans­
port portion of the project, Neilson (1974) concluded that , 
of the numerous bedload transport equations in existence, 
the Meyer-Peter, Muller equation was the best sui ted for 
use on broad valley streams in the Idaho batholith. This 
conclusion was based on the derivation of the equation 
for graded bed material and on the fact that the authors 
recognized that an armor layer appears in many streambeds. 
The Meyer-Peter, Muller (MPM) equation has received 
wide acceptance and is often used in either the original 
or modified form in watershed or sediment routing models 
(e.g. , Simons et al. 1974). 

Neilson favored the use of the generalized form of 
the equation, converted to English units by Sheppard 
(1960). The equation developed by Sheppard was for 
use in U.S. Bureau of Reclamation water development 
projects having a wide areal distribution and varied hydro­
logic conditions. Also , it appears that the equation in 
Sheppard's form was to be used in canals constructed in 
earth where the channel parameters could be easily 
measured and controlled. Sheppard's generalized form 
of the MPM equation could not be applied easily to nat ural 
streams where measurements of the required stream para­
meters would be difficult. Particular difficulty is encoun­
tered in measurement of the roughness coefficient. 

Neilson was unable to verify that the MPM eq uation 
was indeed applicable to Idaho batholith streams, because 
runoff flow rates were not sufficient to move sediment 
during his study. 

The objectives of the second phase (1974-1976) of 
the sediment transport study were to collect actual field 
data to validate the application of the MPM eq uation 
to Idaho batholith streams and to determine what modifi­
cations of the equation might make it better adapted and 
more easily applied by watershed managers. Since 1974 
was an unusual runoff year with record maximum dis­
charges throughout the Salmon River drainage , the 1974 
data were useful primarily for observing general trends of 
sediment transportation rates in the study streams and for 
planning the 1975 data collection program. The 1975 data 
provided good information for testing the applicability 
of the equation and also provided the basis for modifica­
tion to adapt it for relatively easy and reliable use in 
typical batholith streams. 

Data Collected During 1974 and 1975 
During 1974, measurements were taken on three 

streams at six locations. Only two sampling stations yie lded 
results which could be used to verify the applicability of 
the MPM equation. Of the four stations rejected, three 
had boundary effects in the measurements and the fourth 

4 

was located on a stream which failed to form an armor 
layer and thus was not suitable for either the method of 
sediment measurement or the predictive equation being 
tested. 

Bedload transport was measured with the Helley­
Smith sampler (Helley and Smith 1971), designed for 
use on st reams with gravel beds. During the 1974 snow­
melt runoff season, samples were taken at stream locations 
where a bridge crossed the st ream. This limited the number 
of streams, the number of sampling sites and the channel 
types which could be sampled. The streams which were 
sampled were too deep and too swift for wading during 
the runoff season. 

During 1974 the bedload measurements were taken 
at intervals of change of stage in the st rea m, on both the 
rising and falling phases of the hydrograph. This criterion 
for measurement was based on the assumption that bed­
load transport is a function of discharge (or of depth) 
and that changes in transport rate would follow changes · 
in discharge. While this seemed to be a valid assumption, 
it was found that it can be applied to measured transport 
rates only when the supply of sediment in the stream is • 
sufficient to provide for transport at full capacity. 

We found that neither Ca~e Horn Creek nor Knapp 
Creek carried sediment at full capacity during the 1974 
runoff season. [n fact , due to the extraordinarily large 
runoff, the capacity of the streams to transport sediment 
was much larger than the available sediment supply 
(Fig. 2). The measured rate of sediment transport in Cape 
Horn Creek increased during the rising phase of the hydro­
graph , as expected , but declined just before the peak dis­
charge, then increased again on the falling limb of the 
hydrograph. 

We believe the drop in transport rate near the peak 
of the hydrograph was due to the lack of sediment avail­
able for transport. The stream discharge was such that the 
critical tractive force required to begin sediment move­
ment was exceeded early in the melt season, before 
June I I (Fig. 2). The drop in the measured transport rate 
on June 15 was not due to a drop in tractive force, which 
in fact increased, but to a lack of sediment to transport. 
We theorize that prior to June 15 the stream had been 
scouring the sediment deposited over the previous year, 
or during the time since the last critical level of discharge 
and tractive force was reached , and had cleansed itself of 
" transportable" sediment. Transportable sediment refers 
to that sediment deposited above the armor layer rather _ ~ 
than the supply of sediment beneath the protective 
covering of the alTIor layer. We do not believe the tractive 
force in Cape Horn Creek waS sufficiently large to dis-
lodge the armor layer during the 1974 runoff. 
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Fig. 2. Runoff hydrograph and sed iment discharge for Cape Horn Creek, 1974. 

The increased sed iment transpo rt rate with decreased 
fl ow measured on June 24 (Fig. 2) was apparently due to 
a disturbance upstream that introduced a large amount of 
sediment into the stream (i.e., landslide , mudflow, etc.). 
The water changed suddenly from relatively clea r to very 
muddy. By July 7 the bedload sediment transport rate 
was near zero and the stream discharge had decreased. 

The same basic phenomenon occurred in Knapp 
Creek in 1974 (Fig. 3). During the first stages of the spring 
runoff, the rate of sed iment t ransport declined even though 
discharge increased, as in Cape Horn Creek. However, 
in Knapp Creek the increase in transport rate near the 
peak discharge on June 16 may not have been due to intro­
duction of sed iment from an outside source, since it was 
not accompanied by a muddying of the water. The dis­
charge may have reached the point at which the tractive 
force was sufficient to dislodge the armor layer. Evidence 
supporting this possibility was found later in the season, 
when it was observed that riffles had moved from their 
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locations of the previous year and were less compacted . 
Once the discharge rate dropped below that required to 
transport the larger material of the armor layer, the sedi­
ment transport rate dropped quickly (June 2 1), and by 
July 7 the transport rate was nea rly ze ro (Fig. 3). 

The objectives of the field work conducted during 
1975 were generally the same as in 1974, but in addi tion , 
an attempt was made to ga ther data to help distinguish 
between the transport rates over riffles and through pools. 
Additional sampling sites were therefore established and a 
more intensive sampling program was followed. 

As a result of our expe rience in the fi eld during 
1974 , we based the bedload measurements taken during 
1975 on time intervals rather than on stage-change inter­
va ls. The same stations sampled on Knapp Creek and Cape 
Ho rn Creek during 1974 were sampled in 1975 on a daily 
basis, using the same sampling techniques. 
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Fig. 3. Runoff hydrograph and sediment discharge for Knapp Creek, 1974 . 
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Fig. 4 . Runoff hydrograph and sediment discharge for Knapp Creek, 1975. 

In 1975 , the sediment transport rates were large 
early in the year and diminished with time, even though 
stream discharge increased as in 1974 (Figs. 4 and 5). 
Our earlier conclusion that the available sediment supply 
limits the rate of sediment transport during 1110st of the 
season was reinfo rced by the 1975 data. The tractive fo rce 
available with observed discharges was more than enough 
to move the amounts of sediment measured in 1974 and 
1975. The maximum rates of sediment transport measured 
may approach the maximum capacity of the stream to 
transport bedload sediment. 

In both streams, sediment transport rates did not 
increase late in the runoff season of 1975 as they did 
in 1974 . The snowpack in 1975 was nea r the long-term 
average, and although the melt season was delayed about 
2 weeks, the runoff hydrographs should be representative 
of those expected for an average year. We believe the 
sediment transport rates we measured in 1975 are in­
dicative of the sediment transported during an average 
runoff year. Apparently, in a near-average discharge yea r 
such as 1975, the tractive forces are not sufficient to dis-

;:; 
• ~ , 

" 

" 

." z 
< • • • • 
~ 
o 
~ . 
" o • • 

3 

lodge the armor layer of the riffles, as occurred during 
the large discharge in 1974 . 

Although the 1975 sediment transport curves for 
both st reams are variable (Figs. 4 and 5), the peaks and 
depressions on the curves for the two streams occurred at 
nearly the same time in the runoff season. The cause 
and significance of this similarity are not clear to us at this 
time. The streams were different with respect to depth , , 
slope , size of bed material and reach of stream sampled. 
Further investiga ton of the relationships among these 
variables and the actual transport rates may lead to predic­
tion of a generalized transport curve as a function of given 
stream parameters. 

The comparison of bedload sediment transport 
through pools versus transport ove r riffles yielded prelimi­
nary results in 1975. The transport rate through two 
pools in Knapp Creek (measured at A-7, Fig. 6) was negli­
gible for most of the season (Fig. 7). The small rate of 
sediment transport through the pools we measured does 
not seem realistic because larger amounts of sediment 
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Fig. 5. Runoff hydrograph and sediment discharge for Cape Horn Creek, 1975 . 
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were tra nsported through the total section of st ream that 
contained the pools. 

Measurements of sediment transport across riffles 
were taken at the upst ream and downst ream ends of 
riffles. Transects A-2 and A-6 were at the downstream ends 
of riffles and transect A- I was at the upstream end of 
the uppermost riffle (Fig. 6). The cumulative volume of 
sediment transported at the downstream ends of the 
rimes at transects A·2 and A-6 was less than the volume 
measured at the upstream end of the fi rst ri ffle (transect 
A-I , Fig. 8). Since morc sedime nt entered the test section 
(transect A- I) than left (transects A-2 and A-G), we might 
conclude that the balance of the sediment was deposited 
in the test sect ion. This conclusion was not supported by 
visual observations, nor by core samples. We did not take 
enough core samples to statistically test the amount of 
sediment in riffles before and after the runoff, but there 
was no obvious increase. The discrepancy in sedimen t 
volumes between transect A- I and the sum of transects 
A-2 and A-6 may be the resu lt of the fas ter veloci ty at 
the downstream ends of the riffles , which might have 
transported the sediment as suspended part icles rather 
than as bedload , as was the case at the top of the riffles. 

Analysis of the Meyer-Peter, Muller Equation 

A general form of the Meyer-Peter , Muller equation 
can be expressed as 

gs = {(gf'y)1 /3 (_ I _ ) [rRHSINe)3 /2 -0047(r , r)DIll I}3 /2 [ 11 

0.25 

where gs 

g 

r 

bedload transport rate per unit width of 
flow , weighed underwater (metric tons per 
meter of width per second), 

accelera tion d ue to gravi ty (m /sec 2), 

specific weight of wate r (metric tons/m3) , 

.-. 

r, = specific weight of dry sedime nt in air 
(metric tons/m 3), 

R H hydrau lic rad ius (m), 

S = slope of the e nergy grade line (approx i-
mated by slope of the water surface), 

Dm = effective mean diameter of bed material 
(m) , 

Ne = effec tive roughness (ratio of grain resis-
lance to to tal channel resistance), and 

the constants 0.25 and 0.047 are d imensionless. 

In this form of the equation , comparison between 
measured data and calculated data cannot be made easily. 
By rearranging the terms in equation I , the MPM equation 
takes the form reported by Graf ( 197 1): 

where p = density of water and P =i-. 
The equat ion is now dimensionless and in the fo rm of the 
equation of a stra igh t line : 

' -3 

Y Y =mXX+ b 

where m = 0.25 , 

b 

y y 

xx 

0.047, 

r R H(Ne)3 /2S 

Dm (r , 1') 

= p 1/3 (g,)2 /3 

Dm (r ,1') 

Sto l. 

[31 

and 
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Fig. 7. Runoff hydrograph and sediment discharge for Knapp Creek, 1975 , pool section. 

The term YY is a function of the stream parameters and 
represents the total tractive force available for bedload 
transport and the term XX is a function of the bedload 
transport. All of the variables in the above expressions 
can be measured in the field , with the exception of the 
effective roughness, Neo The detennination of the value 
of No is difficult , especially for natural streams. According 
to Graf (l971), 

N =...!!.' 
o n 

where 
, 

n 

11 

= 

[4] 

Manning's roughness due to grain 
reSistance, and 

Manning's roughness due to total 
resistance of the channel. 

Graf further reports that Muller proposed that the rough­
ness due to grain resistance, n', be calculated from the 
relationship 

[5 J 

where D90 = diameter of bed material at which 
90 percent is finer (m). 

The use of D90 is reasonable because in armored stream· 
beds the larger material composes the top layer exposed to 
the now. 

The value of the total roughness of the channel, 
n, can be calculated from Manning's equation as 

I 
n = Q A(RH)2/ 3(S)1 /2 [6] 

where Q = discharge (m 3/sec), and 

A = stream cross-sectional area (m2). 

Therefore, by combining equations 4 and 5, 

N =Dl /6 
o :::..2Jl.. [7 J 
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Fig. 8. Cumulative volume of sediment discharge for 8 stations on 
Knapp Creek, 1975. (For location of stat ions see Fig. 6.) 

This is the form of equation 4 proposed by eilson (1974). 
However, the determination of 11 (from equation 6) requires 
detailed stream measurements which are not practical for 
field applications of the bedload transport relatiomhip. 
Values of 11 computed from Manning's equation (equa­
tion 6) for a station on Knapp Creek during 1975 range~ 
from 0.022 to 0.029 during the period of measured trans­
port. Using an average of 11 = 0.0255 and the measured 
D90 for that section of Knapp Creek, the computed value 
of No using equation 7 is 0.98. 
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Graf (1971) reports that Zeller found the value of 
Ne to vary between 0.5 fo r streams with strong bedforms 
and 1.0 for streams with no bedforms. Based on analysis 
of Froude number and size of bed material in Knapp 
Creek, the study st ream should never have bedforms 
present. Therefore it is assumed that the armored streams 
in this study area would always have a value for Nc very 
nearly equal to 1.0 . This assumption agrees with the com­
putation in the preceding paragraph. 

In applying the MPM equat ion to the 1975 data, 
the data were plotted as individual stations at each samp­
ling point, rather than combining all transect data for a 
single cross-section. Thus, the hydraulic radius can be 
reduced to the depth at each sampling point , since , as 
shown in Fig. 9 , 

RH ;<1; \Y£L;d 
P IV 

where P ; wetted perimeter (m), 

IV ; width of sampler (m), 

d dept h of water (m). 

'Wi , , 

d 

[81 

Water surface 

Fig. 9. Schemat ic representat ion of parameters required for deter­
minatio n of hydraulic radius of sampling po int. 

The plot of YY vs. XX (equation 2) for Kn app 
Creek 1975 data (depth, water surface slope, effective 
mean diameter, measured bedload transport and Nc = 1.0) 
is shown in Fig. 10 . The cri tical tractive fo rce - the force 
required to initiate sediment movement - is shown in the 
figure at YY; 0 .047. At values of YY less than 0.047 , no 
transport of bedload should take place. 

Note that the majority of the points lie nea r the 
YY axis because of the small ra tes of bed load transport 
>t most of the si tes sampled . The points that lie near the 
line predicted by the MPM equation were the peak bed· 
load transport measurements and should correspond to 
the maximum stream transport capacity. The points above 
the line represent measu rements taken when the stream was 
transporting sediment below its maximum capacity. On the 
basis of this analysis, we conclude that the MPM equation 
does rel iably predict the maximum bedload transport 

. capacity for Idaho bath oli th streams. 
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Predicting Sediment Transport Capacity 
For field application of the MPM equat ion to predict 

bedload transport capacity in a stream, only a minimum 
number of measurements are requi red: RH. Sand Dm' 

The val ue for the slope, S , is approximated by using 
the water su rface slope. If actual water surface slope is 
known as a function of discharge , then th is va lue ca n be 
used. In most cases, however, this re lationship is not 
ava ilable and an approx imation must be used. The water 
surface pro fil e changes with discharge; at peak fl ow the 
pro fil e is nea rly uniform (Fig. 6). Since it is assumed that 
the measurement of stream parameters will be done during 
the low-flow period , the best approximation for the slope 
of the water surface for the entire melt season would be 
the average of the slopes at high water and at low fl ow. 
The low-flow water surface slope can be measured easily 
with a surveyor's level during the summer months. The 
water surface slope for high-water condit ions can be mea­
sured at the same time using the high water marks left 
during the runoff season, or if no high water marks are 
viS ible, the slope of the lVater sur face at high flow can be 
approximated by the slope of the fl ood plain (Neilson 
1974). 

The value for the hydraulic radius, R H , can be 
found as a function of the depth (eq uation 8) by measure· 
ment of the cross-section of the stream channel. While 
this val ue will range from 0.9 to 1.0 times the depth of 
flow for these streams, no approximation should be re­
quired , excep t in cases where no field measurements can 
be taken. Then the value of RH can be approximated as 
0.95 times the depth (Neilson 1974). 

The val ue for the effec tive mean diameter of the 
streambed material, Dill ' must be found by core sampling 
the channel bottom and doing a sieve analysis. A technique 
fo r relating the Dm to a visual classification system, 
described by Ne ilson ( 1974), was tested but was not 
adequate (best R2 ; 0.55). 

To predict bedload transport , the MPM equa tion 
can be simplified using the measured values of the stream 
parameters that remain constant. From the original form 
of the equation (equation 2) 

( )3/2 ( ) t / 3(g )2/3 
'IRH Nc S 0.25 P s + 0.047 

Dm ('1,. '1) Dm ('I,.-V 

we can derive 

J 



0 . 20 

u; 0 .16 

% 
~ 
Q 
~ 

~ 0.12 

Z 
~ 
% 

.. , . . . 

0 .·0 o.so 0 . 60 

Knapp Creek 1975 

0 . 70 

I!I §'a'" A - O 
o S.al ; .... A - I 

'" S'a'" A - 2 
+ S.." ..... A-3 
l( SIal ..... A - 4 
o 5.." ..... A - 5 
M S'a,la" A- 6 
jfS'a, ..... A - 7 

• 

0.10 •. ~ 1.00 

x X UN HUNDREDTHS) 

Fig. 10. The Meyer-Peter , Muller predictive equation and measured sediment discharge data for 8 stat ions o n Knapp Creek, 1975 , plotted 
as YY vs. XX (sec equations 2 and 3). 

For streams of the Idaho batholith where 

'Y, = 2.55 metric tons/m3, 

Ne = 1.0, 

P = 'Y /g = 1.00/9.8 1 

equation 9 is reduced to 

[ 10J 

for RH and Dm in meters and Ks in metric tons/m-sec 
weighed underwater. Defining g; as the dry bedload trans· 
port rate per unit time and width, then 

, ( 'Y, ) (2.55 ) g =g -- =g - = 1.645g 
s s 'Ys-'Y s 1.55 s 

Thus equation 10 becomes 

In Engl ish units equation 12 becomes 

2/3 
35.90RHS=0.25(g',) +2.616Dm 

where RH = hydraulic radius in feet , 

S = slope (dimensionless), 

[ I I J 

[ 13J 

g', = dry bedload transport rate in tons 
per foot per second, 

Dm = effective mean diameter of material 
in feet. 

These equations (equations 12 and 13) apply to 
armored streams of the Idaho batholith. TIley would be 

10 

applied to any specific stream by substituting the specific 
value for DOl' For Knapp Creek Dm was 0.03 1 m. Equa­
tion 12 for Knapp Creek then becomes 

1.535 RHS = 0.25 (g' ,) 2/ 3 + 0.0035 [14 J 

Equation 14 can be used to compute bedload transport 
capacity at a st ream section on Knapp Creek by substi­
tuting measurements of hydraulic radius (R H) and water 
su rface slope (S). 

The value of (g',)2 /3 can also be read directly from 
a modified YY vs. XX graph. Note that equation 14 has 
the form of a st raight line, y = mx + b, where m = 0.25 
and b = 0.0035 , so that when y = 1.535 RHS is plotted 
against x = (g',)2 /3 as in Fig. II , the predicted bedload 
transport capacity (g's in units of metric tons/m-sec) is 
the kvalue read from the graph , taken to the 3/2 power. 
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Fig. II. Unit dry bed load transport capacity of Knapp Creek. as 
predicted by the Meyer-Peter, Muller equation. 
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EFFECTS OF SEDIMENT ON INSECTS 

We conducted studies in laboratory stream channels 
and in Idaho batholith streams to test benthic insect 
comm unity tolerances for different levels of sediment 
pollution and to develop c rit eria for descr ibing the habitat 
quality of Idaho batholith streams. Substrate characteristics 
such as level of cobble imbedded ness, predominant sub­
strate and size of substrate su rrounding cobble were corre­
lated with species-specific and community changes. 

Laboratory Stream Channels 

In the artificial stream channels at the Hayden Creek 
Research Station (56 kl11 south of Salmon , Idaho), we 
assessed the density of benthic insects and insect drift in 
channels with and without sediment and with and without 
fi sh during the summer of 1974. 

Methods 
The stream channels we used were 45.0 m long. 

1.21 m wide and 0.6 m deep. We supplied insects 
to both channels via a 15.2 cm plastic gravit y· flow 
pipe with a 0.3 m by 1.2 m funnel inserted into Hayden 
Creek. A head box at the upper end of the channe ls allowed 
the mixing of insects and water and controlled the dis· 
charge into the channels (Fig. 12) . 

Each channel was divided into upper and lower 
sect ions of nearly equal length. The upper sections served 
as control sections (without sediment) and the lower 
sections as test sections (with sediment). The right-hand 
channel (looking upst ream) contained fish and the left· 
hand channel had no fish. Each section contained an iden­
tical configura tion of alternating pools and riffles (Fig. 12). 
The pools were approx imately 5.7 m long and 0.5 m deep, 
with boulders 0.3 III in diameter placed on the bottom. 
Riffles were 3.05 m long by 1.21 m wide , and water depth 
over the riffles was approximately 0.08 m. Each riffle 
contained a layer of cobbles 6.35 to 12.60 cm in diameter 
over a 0.4 m layer of gravel. The upstream and downst ream 
0.3 m of each riffle served as buffer zones and were not 
sampled. 

We allowed insects to colonize the cha nnels 15 days 
prior to initiation of the tests. Four bottom samples 

. (0.093 m2 each) we re taken randomly from each riffle for 
each imbedded ness level st udied (0 , 1/3, 2/3 and fully 
imbedded), using a sampler sim il ar to that described by 
Waters and Knapp (196 1). Sediment «6.35 mm diameter) 

• was added to the test sections at 7·day intervals starting 
August 9 , 1974. Riffles were not sampled for benthos 
until 6 days after each addition of sediment , to all ow the 

,insect community to adjust to the respective sediment 
levels. 

Insect drift was sampled with 0.30 by 0.6 1·m drift 
nets with a pore size of 0.8 mm. Six days followin g each 
addition of sediment, drift nets were placed at the head of 
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each control section to measure recruitme nt into the 
channels, and at the bottoms of the control and test sec­
tions (Fig. 12). One·hour drift samples were taken 0. 5 and 
2.5 hours after su nset. 

Aquat ic insects obtained in bottom samples were 
identified to species or morphospecies when possible, using 
keys by Edmonson (1959), Peterson (1962), Jensen (1966), 
Smith ( 1968) and Usinger (1968). Chironomid midges 
were ident ified only to family because of the taxonomic 
uncertainty of this group. All Ephemeroptera were char­
acterized as ea rly, middle or late instar on the basis of wing 
pad development. Aquatic insects obtained in drift were 
counted for total numbers, total mayflies and total num­
bers for the mayfly genus Baetis. Three species- B. bicauda­
rus, B. tricaudatus and B. parvus- were collectively grouped 
under this genus for graphic analysis and interpretation 
because damage or loss of the key characteristic (caudal 
filaments) during collection frequent ly made separation o f 
these species impossible. 

Results and Discussion 

Standing Crop in Riffles: When cob bles in the test 
riffles were fully imbedded with sed iment , benthic insect 
dens ity decreased to less than one·half t he density found in 
the control riffles wit hout sediment (Table 2, Fig. 13A). 

The test riffles supported a slightly larger insect populat ion 
than did the control riffles through the first three levels of 
cobble imbeddedness (0, 1/3, 2/3). The slight to moderate 
layer of sediment ( 1.58 mm - 25.40 mm) around stream· 
bottom cobbles represents a more natural and often more 
favorab le ben thic insect habitat than the unnaturally clean 
cobbles in the riffles without sediment. 

Tab le 2. Standing crop of benthic insects per 0.093-m2 bottom 
sample in ri mes without (control) and with (tcst) sediment , at 
four levels of cobble imbedded ness. 

Level of 
cobble im bedded ness 

o 
1/3 
2/3 
Full 

Mean insect density 
Without sed iment With sediment 

21. 2 28.9 
53.8 62.9 
72.1 84.8 
64.9 25.1 

Not all insect species responded similarly to the 
different sediment levels. Several species were monitored 
for their species·specific responses. Except for Chirono· 
mid ae, each species monitored (Epeorus alhereae 
McDunnough, Cinygmula sp., Ephemerella tibialis 
McDunnough , Baetis bicaudatus Dodds, Simulium sp . larvae 
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Fig. 12. Experimental stream channel configuratio n at Hayden Creek. Rimes A and B were in section without sediment or fish; riffles C 
and 0 were in section with sediment but no fish; riffles E and F were in section without sediment but with fish; and rimes G and H were in 
sect ion with sediment and fish. Symbols dl to d6 designate inscct drift sampling locat ions. Shaded areas indicate rimes; u"shaded areas pools. 

and pupae) decreased significantly in density in the fully 
imbedded sedimented riffles as compared with their densi· 
ties when cobbles were two·thirds imbedded (Figs. 13B, 
14A·B and ISA-B; Table 3). 

The mayfly, Epeorns albertae McDunnough , is an 
important link in the food chain of the aquatic com munity. 
As an herbivore, £peonis t ransforms plant material into 
animal tissue and is in turn preyed upon by other aquatic 
insects and fish. Largely defenseless agai nst most forms 
of predation, this species maintains itself through abundant 
Ilumbers, protective coloration and secretive habits. The 
nymph is characterized by having the anterior pair of gills 
enlarged and overlapping under the abdomen, to function 
as a suction disc to prevent dislodgment by the current. 
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Epeorns albertae was an abundant member of the 
benthic community in the laboratory channels and was 
intolerant to increased levels of sediment pollution. This 
species had consistently smaller densities in riffles with 
sediment than in riffles without sediment. When cobbles 
were fully imbedded , the average number of E. albertae in 
the test riffles declined to 3 per 0.093 m2, from 24 per 
0.093 m2 when cobbles were two·thirds imbedded 
(Fig. 13B). 

Baetis bicaudatus Dodds was another abundant 
member of the channel's benthic fauna. Favored because 
of its fusiform shape, B. bicaudatus is commonly found 
on the tops and sides of cobbles facing into the current, 
anchored by its tarsal claws and using its long cerci as 
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Fig. 13. Density response of benthic insects to four levels of cobble imbeddedness at Hayden Creek. A = total insects, B = £peorus a/bertae. 
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Table 3. Comparison of mean insect densit ies (number/0.093m 2) in test (sed im ent added) and control (no sediment) rifnes at Hayden Creek, 
. ' 1974. 

Riffle Level of cobble imbeddedness 
sampled 0 1/ 3 2/3 

Total insects Control 21.2 53.8 72.1 
Test 28.9 62.9 84.8 

Total of species listed below Cont rol 10.0 15.7 13.0 
Test 9.0 13.2 12.5 

Epeoflls alberrae Control 13.5 43.0 55.8 
Test 6. 1 20.6' 24.0' 

Cillygmula sp. Cont ro l 5.1 7.6 9.1 
Test 2.3 6.1 10.4 

£pliemerella tibialis Control 0.2 2.3 4.0 
Test 0.1 I. 7· 3.6 

8aetis bicaudalUs Contro l 6.2 18.0 23.7 
Test 17.0· 20.7 19.7 

Simulium sp. (larvae) Control 40.4 59.4 92.0 
Test 44.7 11 6.0 206.0 

Simulium sp. (pupae) Control 1.8 33.4 23.3 
Test 2.4 29.7 12.4 

Chironomidae Control 13.6 42 .9 55.4 
Test 39.8' 49.1 52.5 

• = significant difference at 5% level. 
t = significant difference at 5% level for natural log transformation. 

45 

40 A 
N 

E 35 

"" ." 
Q 30 
Q 

'-.. 
~ 25 
<.> 

'" ~ 20 
'" 

, 
, - IS-o:> 

~ 

10 -'" .., 
E 
= 5 
z: 

0 
o 

DCotltrol 
( w it hout sed imetlt) 

16 B 
14 

12 

10 

8 

I 6 

~ 4 

~ ~ ~ ~ 
2 

~ 0 
2/ 3 Full 0 

Cobble Imbeddedness 

~ T ... 
"/ (wit h se d imetlt) 

, 
~ ~ ~ 

~ ~ ~ 
1/ 3 2/ 3 

J-----I Rotlge for 
Repl icatiotl l 

Full 

64.9 
25.1· 

18.0 
17.0 

54.1 
3.1· 

6.9 
0.5· 

4.9 
2.2 

30.2 
14.5· 

64 .7 
3.9t 

11.4 
l. 7· 

58.3 
44.8 

J:, 
Full 

Fig. 14 . Density response of benthic insects to four levels of cobble imbedded ness at Hayden Creek. A = Hoe/is bicaudaflJs; B = Cillygmula 
sp. Control channels without sed iment and test channels with sediment. 
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Fig. 15 . Densit y response of benthic insects to four levels of cobble imbedded ness at Hayden Creek. A = Simulium sp. pupae; B = Simulium 
sp. larvae. Contro l channe ls without sediment and test channels w ith sediment. 

rudders. We expected that B. bicaudatus would not be 
seriously affec ted by sediment pollution un til the tops 
of the cobbles were imbedded . removing the points of 
attachment for ancho ring the tarsal claws. The results at 
Hayden Creek confirmed this hypothesis. The densi ty o f 
B. bicaudatus in the test rimes did not differ significa ntly 
from that in the cont rols until the test cobbles were fully 
imbedded (Fig. 14A) . The number of B. bicaudatus in test 
rimes D and G. which had consistently larger densities 
than their respec tive cont rol riffles Band E fo r the fi rst 
three levels of cobble imbedded ness , decreased dramati· 
cally when the rimes were full y imbedded with sediment 
(Fig. 16A·B). 

The larval and pupal stages of the blackny . Simulium 
sp., were monitored for their respective sediment 
to lerances. Simulium larvae tended to favor high-velocity 
rimes . They were usually found in a cl umped distribution 
(account ing for the wide range in their numbers) on the 
upper surfaces o f cobbles (Fig. 15B). 

According to Hynes (i 972). the larvae of SimuliulIl 
are among the best adapted of all animals to life in rapidly 
running water. The larva secretes a silken mat on the sub­
stratum . to which it ca n attach itself by hooks on its highly 
modified fore and rear prolegs. If disturbed. the blackny 
larva will attach itself to the silken mat and lower its body 
out of the force of the current into the "boundary layer" 
just above the substrate, where the current is very slow. As 
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a last resort, the larva attaches a silk safety line to the sub­
strate so that in case of dislodgment it can readil y cl imb 
back up the thread to its original position . 

In our channel tests, Simulium larvae survived the 
immediate impact of sediment introduction, but were not 
able to fin d suitable places to spin their silken mats when 
the cobbles were fully imbedded. Larval densities in the 
sed imented ri ffles increased through the first th ree levels 
of cobble imbedded ness (Fig. 15B). We believe the popula­
tion was continuing to colonize the channels during these 
intermediate imbedded ness tests. Larval density was 
apparently 110 t seriously affec ted by the sediment levels 
as long as some areas of the cobbles remained exposed 
fo r colonization ; however, when cobbles in the test riffles 
were fully imbedded the numbers o f simuliid larvae de­
creased dramatically. while the density in the con trol riffles 
remained stable (Fig. 15B). 

The presence o f fish in the stream channels did not 
have a measurable impact on the densi ties of the four 
benthic insec t spec ies monitored (Figs. 16A-B. 17 A-B. 
18A-B and 19 A·B). 

Abulldallce of Drift: Aquatic insect drift is an im por- -
tant component of stream biology. Ma ny species of fi sh 
feed primarily on dri ft organisms. M'uller (i 954 ) and 
Waters ( 196 1) have shown that insect drift permits rap id 
recolonization of an area that has been decimated of its 
benthic fa una. 
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Insect drift , measured before and 6 days following 
each introduction of sedime nt , was not appreciably 
affected by the inc reasing leve ls of cobble imbedded ness 
(Figs. 20A·E and 2 1 A'E). For any given level of imbedded· 
ness the number of insects colJected in drift nets at the end 
of the sedimented sections was as large as the number 
collected at the end of the unsedimented sections. We did 
not try to quantify the im mediate impact of sedimen t 
introduction on insect drift. 

Batholith Streams 

In both 1974 and 1975 , insect densities in test and 
control riffles in Knapp Creek were sampled to assess 
the impacts of sediment added to a stream with small 
amounts of naturally-occurring sediment. In 1975 we also 
conducted tests in rimes of Elk Creek which contained 
large amounts of sediment . to validate some of the result s 
obtained in the labo ratory channels at Hayden Creek. 

Methods 

Stream bottom Substrate and Cobble Imbeddedness: 
During our studies, we took core samples from riffles in 
the study streams and also classified the su rface of the 
st ream substrate according to the imbeddedness of the 
dom inant material in the sediment (Table 4). All benthic 
insect bottom sample sites were described according to this 
surface sediment rank classificat ion system . 
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Fig. 16. Density response relat ionship of Boetis bicolldotus to four 
levels of cobble imbcddedness in riffles in laboratory channels (A 
through 1-1) at Hayden Creek, 1974. Fish were present in the 
channels of group B. not present in those of group A. 
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Knapp Creek: During the summer of 1974 we added 
34.5 m3 of sedimen t «6.35 mm diameter) to a portion of 
a Knapp Creek riffle to simulate a ba nk slumpage. Using a 
0.093·m 2 bottom sampler (previously referred to), we 
sampled the riffle for benthic insects 2 days before the 
sedimen t dump and I , 3, 14 and 23 days following the 
addition of sediment , to determine the immediate and 
longer-term impacts of the sediment. We used a random 
block method of select ing sampling sites. One·third of the 
samples were taken in near-shore areas, two-thirds in the 
thallweg. A minimum of 6 and a max imum of 11 bottom 
samples were analyzed for each sampling dat e; the varia­
tion in numbers of samples was due to the breakage of 
some samples during transport to the laboratory . Because 
of the nature of the correlation llsed, which did not differ­
ent iat e between sampling dates, this discrepancy did not 
affect the statistical tests run. 

A control riffle located upstream was sampled 
Simultaneously . Twelve random block bottom samples 
were taken on the first sampli ng date and six on each of 
the following sampli ng dates. 
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Fig. 17 . Density response relationship of Epeoflls olbertoe to four 
levels of cobble imbcddedness in riffles in laboratory channels (A 
through 1-1) at J·Jayden Creek, 1974. Fish were present in the 
channels of grou p B, not present in those of group A. 
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Fig. 18. Density response relationship of Cillygmula sp. to four 
levels of cob ble imbeddedncss in runes in laboratory channels 
(A through H) at Ha yden Creek, 1974. Fish were present in the 
channels of group B. not present in those of grou p A. 

o 

• Control ( wi thou t .ed iment ) 

~ Tu l ( w ith .edimen! ) 

B 

Fig. 19. Density response relationship of Simulium sp. (larvae + 
pupae) to four levels of cobb le imbedded ness in riffles in laboratory 
channels (A through H) at Hayden Creek, J 974. Fish were present 
in the channels of group S, not present in those of group A. 
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During the summer of 1975 the benthic insects in 
test and control riffles were resampled at 3-week intervals. 
A moderate·gradient rime in the middle reach of Knapp 
Creek was also sampled to provide data on spatial relation. 
ships with the test si te. Six random block bottom samples 
were taken at each site per sa mpling date. 

For both years, we correlated the ab undance of 
insects in 'the bottom samples (total and specific species) 
with level of cobble imbedded ness, predominant sub. 
strate and size of sed iment surround ing the cobbles. 

Elk Creek: A rime in lower Elk Creek was sampled 
during the summer of 1975 to validate Hayden Creek 
results. Two adjacent plots imbedded with sediment (aver. 
age level of cobble imbeddedness = 3/4) were selected, 
each plot measuring 3.05 m by 1.52 m. A series of 
0.093 m2 bottom samples was taken from each plot 
prior to substrate alteration (August 3). One plot was then 
manually cleaned of sediment , and small cobbles were 
added to make the plot resemble an unimbedded , healthy 
rifOe. Each plot was subsequently sampled at 3.week 
intervals (August 23 and September 17). 

A riffle in upper Elk Creek was also sampled to 
assess spatial differences in the insect commun ity within 
that creek and to illustrate the normal fau na in a ri ffle 
with small amounts of sediment. 

Results and Discussion 

Streamboltom Substrate alld Cobble Imbeddedness: 
In most riffles sampled , the predominant material was 
gravel and pebbles ranging from 6.00 to 75.00 mm in 
diameter. Substrates that we classified as two-thirds to 
fully imbedded would correspond to core samples con· 
taining 30 percent or more sediment , a situation in which 
all of the interstitial spaces in the gravel are mled with 
sediment. 

Knapp Creek: Except for a low correlat ion between 
insect dens ity and level of cobble imbeddedness for may. 
flies and the caddis fly , Brachycelltms sp. (Table 5), the 
art ificia lly introduced sediment did not have a statist ically 
significant immediate or long-term impact on the benthic 
insect community in the Knapp Creek test rifOe. The 
water velocity over the Knapp Creek rifOe was sufficient 
to displace most of the fine particles immediately afte r 
sediment was introduced, and the remaining sediment, 
consisting largely of coarse sand and pebbles 1.58 mm to 
25 .40 mm in diameter , did not imbed the cobble except in 
the near-shore areas. The surface and interstices of the 
substrate remained available for continued colonization 
by the majority of the insects. 

There was no statistically Significant correlat ion 
between the substrate parameters and the abundance of 
individual insect species for the Knapp Creek intensive­
study site; howeve r, the "extreme" ranges in substrate 
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Fig. 20. Insect drift at Hayden Creek 0.5 hour afte r su nset at six 
net locat ions. A, C, E = nets 1, 2, 3, respectively; B, D, F = nets 4 , 
5,6 , respect ively, as illustrat ed in F ig. 12. Net s A, B = recruit ment 
into channels; nets C, D = drift out of sections without sediment; 
net s E, F = drift out of test sec tio ns subjected to four levels of 
cobb le imbedded ness; * = data not ava ilable. 

Table 4. Ranking scheme used to classify st ream bottom subst rate 
in batholith st reams for insect stud ies. 

2 
3 
4 
5 
6 . 
7 
8 

2 
3 
4 
5 

Predominant Substrate Classification 

Substrate size 

orga nic cover (over 50% sur face bottom fraction 
o rga nic debris) 

1.58 mm diameter 
1.58 to 6.35 mm diameter 
6.35 to 25.40 mm diameter 
25 .40 to 63.50 mm diameter 
63.50 to ] 27.00 mm diameter 
127 .00 to 254 .00 mm diameter 
boulder 

5-Rank Cobble Im beddedness O assificat ion 

Imbeddedness 

completely or nearly completely imbedd ed (heavy) 
3{4 im bedded (mode rate) 
1/ 2 imbedded (intermediate) 
1/4 im bedded (light) 
unirnbedded 
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pa rameters were no t always present under our test condi­
tions (i.e. , cobble fu lly imbedded in sand). Therefore, the 
results for Knapp Creek are more restricted in applicability 
tha n those for Hayden and Elk c reeks. 

Elk Creek: Lower Elk Creek, a low-velocity meander­
ing stream, contained large amounts of fine sed iment in 
its riffles. We used adjacent manually cleaned and un­
cleaned rimes to validate laboratory results. By the last o f 
three sampling dates (September 17) the cleaned sec tion 
was aga in approximately one-fourth imbedded by sand and 
provided a mo re " natural" habitat for benthic insects. 

On the final sa mpling date the total number of 
insects per 0.093 m 2 collected from the cleaned plot was 
1.5 times the number collected from the uncleaned plot 
(Fig. 22A) and the number of species collected from the 
cleaned plots was approximately 1.3 times the number 
collected from the uncleaned plot s (Fig. 22 B). The orderS 
Ephemeroptera (maynies) and Plecoptera (stoneflies) 
const itut ed more than one-half the insects collected from 
the cleaned plot. There were approximately fo ur times 
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Fig. 21. Insect drift at Hayden Creek 2.5 hours after sunset from 
six net locat ions. A, C, E = nets 1, 2,3, respectively; S, D, F = nets 
4 , 5, 6, respect ively, as illustrated in Fig. 12. Nets A, S = recruit­
ment into channels; net s C, D = drift out of sections without sed i­
mcnt; nets E, F = drift out of test sections subjected to four levcls 
of cobble imbedded ness. 



Table 5. Correlation coefficients for the abundance of benthic 
insect species versus the level of cobble imbedded ness at Knapp 
Creek, 1974-75. Cobbles were ranked as un imbedded, 1/4 , 1/2, 
3/4 o r fuUy imbedded. 

Riffles sampled 
1214 

Control 

Total insects .125 

Total species .086 

Ephemeroptera (tota l) .085 

Boelis sp. .030 
Empltemerello tibialis .228 
Gllygmu!o sp. -.262 
Epeorus!oflgimolllls -.282 
Rhillzrogeno rob us/a .421 

Trichoptera NC 

BrocltycelllrLis sp. -.068 
Arclopsyclte sp. NC 

* = significant difference at 5% level. 
NC = no correlation. 

Test 

.261 

.287* 

.293' 

.246 

.250 
-.093 
.115 
.186 

NC 

.3 11 * 
NC 

Riffles sampled 
12 25 

Control Test 

.146 -.060 

-.087 -.390 

.203 -.079 
-.150 .00 
-.242 -.182 
-.063 -.834' 
.325 -.332 
.344 . 280 

NC NC 

-.538 ' -.464* 
NC NC 

more mayflies and eight times more AI/operla sp. (Ihe 
predominant stone fly) in the cleaned pial than in the 
uncleaned plot on the final sampling date (Figs. 23A 
and C). 

All the mayflies monitored (i.e_, Ameletus sparsatus 
McDunnough , Paraleptophlebia heteronea McDunnough , 
Ephemerel/a inemlis Eaton-infrequells McDunnough , and 
Rhithrogena robusta Dodds) had greater densities in the 
cleaned plot than in the heavily-sedimented uncleaned 
plot (Figs. 22C-D and 23A-D). Present as an early instar 
nymph on the final sampling date , R. robusta was a promi­
nent member of the mayfly community and was ten times 
more abundant in the cleaned plot than in the uncleaned 
plot (Fig. 23B). 

Arneletus sparsatus, which favors slow-moving 
st reams, was found in approximately equal numbers in both 
plots on the first sampling date (August 3), before Ihe tesl 
plot was cleaned. On the second sampling date (August 23), 
3 weeks after the test plot was cleaned, this species was six 
times more abundant in the cleaned plot than in the un­
cleaned plot (Fig. 22C). 

Neophylax sp_, a small caddisfly member of the 
family Limnephilidae, was a prominent component of the 
insect community at the lower Elk Creek site. Neophylax 
makes its case out of fine sand grains. On the second 
sampling date, it was more numerous in the uncleaned 
plot, which apparently offered the fine sand grains neces­
sary for its case building and as background for protec­
tive concealment. By the thi rd sampling date the cleaned 
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plot was one-fourth imbedded with sand and Neophylax 
was more abundant in the cleaned plot (Fig. 24C), which 
suggests that it prefers a cleaner substrate than that offered 
by the uncleaned plot. 

Riffle beetles (Elmidae) were a surprisingly abundant 
component in the insect community. Two prevalent species 
(Optioservus sp. and Heterlinlllius corpulentus leConte) 
were numerically comb ined because of similarities in 
response to sedimented conditions. The riffle beetle larvae 
clearly favored the uncleaned plot over Ihe cleaned plot, 
as they were five times more numerous in the uncleaned 
plot on the final sampling date (Figs. 24B and D). Elmid 
adults were not present in large enough numbers for us to 
identify significant statistical trends with regard to sub­
strate preference . 

A burrowing larva of the cranefly family (Tipulidae), 
Hexatoma sp.} was four times more numerous in the 
uncleaned plot than in the clean plot (Fig. 24A). 

A riffle in upper Elk Creek with only small amounts 
of sediment had similar species density and composition 
to the cleaned plot in lower Elk Creek. The mean number 
of individuals per 0.093 m2 for each species was similar 
at both sites, an indication that the manually cleaned site 
in lower Elk Creek duplicated a riffle with small amounts 
of sediment. Elmid larval density in the upper Elk Creek 
riffle was approximately one-hal f that in the uncleaned 
lower Elk Creek plot. 
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In interpreting the utility of a surface sediment 
classification for describing habitat quality. it should be 
pointed out that the substrate parameters previously dis­
cusssed must be considered in conjunction with the biologi­
cal and hydrological phenomena of the stream. With 
insects , species composition and age class distribution are 

20 

important considerat ions because of the differential impact 
of sediment pollution on species and developmental stages 
of insects. While the results reported herein are for the 
larval and nymphal stages. the egg stage (un investigated 
in this st udy) may be equally sensitive to environmental 
stress by sediment. 
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Fig. 23. Density response of benthic insects to cleaned (test) and 
unclea ned (control) sections in Elk Creek riffle substrate. A = 
Ephemcroptera; B = Rhithrogello robusto; C = Alloperla sp.; D = 
£phemereJlo blermis·ill/requells complex. 

The only species found in large numbers at the upper 
- Elk Creek rifOe but not found at the lower Elk Creek 

cleaned site was the la rval blackny (Simulium sp.). The 
low velocity and low gradient of lower Elk Creek seemingly 
did not provide an optimum habitat for Simulium sp. in 
that , as a filter feeder , its food gat hering ability waS 
apparently inhibited. 

Streambed Habitat Criteria for Evaluating Benthic Insects­
An Overview 

The substrate parameters I) predominant substrat e, 
2) level of cobb le imbeddedness and 3) size of sediment 
surrounding cobble are useful crite ria fo r physically evalua· 
ling benthic insect habitat in Idaho batholith streams. 
Laboratory tests in the Hayden Creek channels, coupled 
with fie ld va lida t ion studies, confirmed or moderated 
preconceived notions we had about the relationship 
between stream habitat quality and insect community 
dynamics. The in situ substrate condit ions tha t prevail in 
ba tholith streams following spring runoff are largely the 
result of natura l or man·caused watershed disturbances, 
geology , stream grad ient and the annual hydrologic cycle. 

The density and diversity of the benthic insect 
community in the batholi th streams we studied were ad· 

. versely affected when large amounts of sediment were 
prese nt in t he rifOes (i.e. , > 2/3 cobble imbeddedness, as 
at Elk Creek). The predom inant sediment imbedding the 
-cobb le was fine sand «6.35 mm in diameter). In Knapp 
'Creek, where extreme levels of cobb le imbedded ness were 
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encountered only in low-velocity near-shore areas afte r 
sediment was artificially introduced, the insect community 
at large was not affected by the in troduced sed iment , but 
specific species were adversely affec ted. 

Predominant substrate proved to be a useful in dicato r 
of benthic insect density in lower Elk Creek, where the 
cleaned plot with exposed cobble supported a more dense 
and diverse insect commu ni ty than d id t he uncleaned plot 
with large amounts of sand. 

The size of the sediment surrounding cobble adverse-
Iy affected the benthic insect community when the extreme 
condition of fine sand surrounding or fully imbedding 
cobble was encountered , as was the case at lower Elk Creek 
and in the laboratory channels at Hayden Creek. Similar 
findings have been reported by Srusven and Prather (I974). 

The surface substrate parameters are interactive 
and must be considered together. Sedimented streambeds 
with cobbles more than two-thirds imbedded in sand 
adversely affect the benthic insect community, since sand 
tends to restrict subsurface habitation by many benthic 
insects and reduces streambed permeability. Cobbles 
imbedded in coarser sediments (e.g., pebble) general ly 
support a richly diverse insect community. Large surface 
pebbles and small cobbles (6.40 to 12.70 cm in d iameter) 
unimbedded or partially imbedded in a heterogeneous mix­
ture of sediment provide good riffle habitat for insects in 
batholith streams . 
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-' EFFECTS OF SEOIMENT ON FISH 

We assessed the effects of fine granitic sediment 
«6.35 mm) on the density, distribution, behavior, growth 
and food habits of juve nile chinook salmon (Onehor· 
hynehus tshawytseha Walbaum) and steelhead and cut· 
throat trout (Salmo gairdlleri fuchardson and Salmo 
clarki fuchardson) and on the abundance of the insect 
organisms used as food by the fish. The project conta ined 
three major segments: I) laboratory stream st udies in which 
we int rod uced fine sediment into laboratory stream 
channels and monitored the effects on fish and insect 
abundance; 2) the Knapp Creek study in which we intro· 
duced fine sediment into a natural stream channel and 
monitored the effects on fish and insect populations; and 
3) correlational stream surveys on Elk and Bearskin creeks 
in which we correlated natural physical parameters with 
fish and insect distribution and abundance. 

Laboratory Stream Studies 

Methods 
We used laboratory stream channels located at the 

Hayden Creek Research Station (Fig. I) to determine 
the effects of granitic sediment on the summer and winter 
holding capacities of the channels for fish and on the 
winter hibernating behavior of the fish. 

We evaluated the effects of fine sediment added to 
pools by assessing the number of fish which would remai n 
in channels without sediment versuS the number remaining 
in channels with varying amounts of sediment. Each of the 
four artificial stream channels was 2 1.6 to 23.4m long, 
1.21 m wide and 0.60 m deep (Fig. 25). We observed the 
fish in the channels through plexiglass windows located 
every 2.4 m. Screens of parachute cloth draped along the 
sides of the channels reduced disturbance of the fish by 
people moving around the channels. The pool and rime 
configurations were identical in all the channels. Cobble 
averaging 0.15 m in diameter covered the rimes, and water 
depth was 0.08 m (Fig. 26). The pools con tained a zig· 
zag pattern of boulders (0.30 m average diameter) which 
afforded cover and hiding places for fish (Fig. 27). Traps 
at the downstream ends of the channels collected fi sh 
moving out of the channels in that direction. Drum screens 
at the upstream ends of the channels prevented fish from 
entering or leaving at the head ends. 

In the 1974 tests, the four channels contained fish 
and sediment as fo llows: channel I - no fish, no sed iment ; 
channel 2- no fish, sediment; channel 3- fish, no sediment; 
aI'd channel 4 - fish , sediment (Fig. 28). Channel I served 
as a cont rol fo r channel 2, and channel 3 served as a control 
for chan nel 4. In 1975 we ran two replicates for most of 
the tests, using channels I and 3 as controls (fish, no sedi· 
ment) for channels 2 and 4 (fish, sediment) , respectively 

. (Fig. 28). 
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Fig . 25. Artificial stream channels at Hayden Creek Research 
Station used in su mm er and winter holding capacity tests for fish. 

In 1974 we added sediment to the test chan nels in 
three levels of imbeddedness: one·third , two·thirds and full. 
In 1975 we used two levels of imbeddedness: one·half 
and full. Imbeddedness was defined as the level to wllich a 
key rock was surrounded by smaller size material, in this 
case granitic sediment less than 6.35 mm in diameter 
(Fig. 29). Either a predetermined size of rock was used as a 
key (when imbedding the pools), o r the dominant size 
on the site was used (as in imbedding the rimes). We added 
more sediment to the pools than to the riffles, due to the 
larger size of the rocks in the pools, in order to achieve 
similar imbeddedness in pools and riffles. 

In 1974, we introduced insects from Hayden Creek 
into the head box through a collecting funnel and pipe. 
In 1975 , insect production within the channels and drift 
in the normal water supply from Hayden Creek supported 
the densities of fish used in the tests. 

The procedure for each test followed this sched ule: 
I) sampling of insect drift at I hour before sunset until 
sunset, 2) introduction of the desired amount of sediment 
into the test (lower) channels, 3) sampling of insect drift 
and benthos, 4) introduction of test fish into the channels 
within 24 hou rs, 5) monitoring of fish emigration and 
behavior for 5 days, and 6) removal of remaining fish from 
the channels by electroshocking. We observed behavior 



Fig. 26. A typical riffle in the artificial st ream channels at Hayden 
Creek Research Stat ion, 1974 and 1975. 

of the fish in the morning, at mid·day, and in the evening 
just before twilight, and we measured length of fish used 
in the tests at the start and end of each test. We measured 
the abundance of the insect benthos in the riffles in 1974, 
but not in 1975. We recorded water temperatures through­
out each test with a minimum-maximum thermometer 
located in one channel. 

We studied feeding habits and food availability by 
taking stomach samples from fish and by collecting all the 
insect drift with 1.21 m-wide nets at three locations in each 
se t of channels: I) at the. inlet to the upper channel, 2) at 
the downstream end of the upper channel, and 3) at the 
downstream end of the lower channel. 

We conducted five summer tests in 1974 , four 
summer tests in 1975 and seven winter tests in 1975 
(Table 6). We tested the effects of sediment on summer 
holding capacity for wild age I steelhead (tests 1,2 and 3), 
wild age 0 steeU,ead (test 4), hatchery age 0 steelhead 
(tests 5, 6 and 9), wild age 0 chinook salmon (test 8), 
and hatchery age 0 chinook salmon (test 7). Growth 
differences were observed in test 9 by extending the test 
to 35 days and noting differences in the length, weight and 
condition of fish in channels with and without sediment. 
We tested the effects of sediment on the winter hold ing 
capacity of the channels for hatchery age 0 steel head 
(tests II, 13 and 16), wild age 0 chinook salmon (tests 
10 , 12 and 13), wild age I and [] cutthroat trout (test 15) , 
and hatchery age 0 cutthroat trout (test 14). Test 13 was 
run with chinook salmon and steelhead together- wild 
steelhead and chinook from the Hayden Creek Research 
Station and wild chinook salmon from the Lemhi River. 
The hatchery cutthroat trout (Henry's Lake stock) used 
in the tests came from the Mackay Hatchery and the wild 
cutthroat from the St. Joe River. 

Results 
The immediate effects of adding sediment 

to the channels were a reduction in available habitat 
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(shallower pools and fewer interstices in boulder piles 
and cobble) and an increase in the turbidity of the water. '. 
The turbidity decreased within minutes after the additions 
of sediment. The reduction in cover for fish (mainly in 
the pools) and habitat for insects (in the riffles) affected 
both organisms. 

Summer Tests - Fish: We released more fish into 
each channel than would remain , to insure that the fish 
densities would be at carrying capacity of the channels. 
Fish densi ties in the channels stab ilized within 3 to 4 days 
after the traps were opened (Fig. 30). 

tn the summer holding capacity tests fewer fish 
remained in the channels with fine sediment than in those 
without sediment (Tab le 7, Fig. 31). The numbers of wild 
age I steelhead remaining in the pools with one-hal e two­
thirds and full sediment imbedded ness were 86, 40 and II 
percent , respectively, of the numbers staying in the 
channels without sediment (tests I, 2 and 3). Fewer wild 
age 0 steel head remained in the fully sedimented channel 
than in the unsedimented channel (test 4), but the reduc­
tion was not as la rge as for wild age I steel head (test 3). 

Fig. 27. A typical pool in the artificia l stream channels at Hayden 
Creek Research Station, 1974 and 1975. 
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Fig. 28. Schematic representation of the experimental arrangement of the Ha yden Creek artificial st ream chan nels during the tests of 1974 
and 1975. 

At one-hal f and full imbeddedness in the test pools, 
densities of hatchery age 0 steel head in the channels with 
fine sediment were 94 and 32 percent , respectively, of 
those in unsedimented channels (tests 6 and 5). Fewer 
hatchery age 0 steel head (test 5) remained in the channels 
with fu lly sedime nted rocks in the pools than did wild 
age 0 steelhead (test 4). 

The density of age 0 hatchery chinook in the one-half 
imbedded channel was 39 percent o f the density in the 
unsed imented channel (test 7). We did not have time to 
test age 0 hat chery chinook at full imbedded ness. The 
density of age 0 wi ld chinook in the fully imbedded 
channel was only 3 percent of the density in the ullsedi­
mented channel (test 8, Fig. 3 1). 

Fish exhibited hierarchical behavior in the channels 
with two-thirds or fully imbedded pools, but territorial 
behavior in the channels without fine sediment. As we 
increased the imbeddedness levels in the channels, the 
amount of cover decreased in both pools and rimes. The 
smaller age 0 steelhead utilized the rimes and pools in the 
control channels and in the test channels with one-third 
imbedded ness. As we increased the imbeddedness of the 
rimes, the age 0 steelhead using the rimes moved into the 
pools. As cover became scarce in the pools, hierarchica l 
behavior predominated. The main holding areas for fish 
were at the upstream and downstream ends of the pools. 

Fish placed in the channels without fine sedimen t 
selected holding areas in the pools and riffles within 
0.5 hour and maintained these territories esse ntially 
throughout the test. 

We extended one 5-day test (test 9) to 35 days to 
monitor the effects of full sediment imbeddedness on the 
growth of age 0 hatchery steelhead (Fig. 32). Densities 
of fish in channels either with or without sedime nt de­
creased during the test , perhaps a response to fish growth. 
The density of fish in the fully sedimented channel stabil­
ized at 12 percent of the density in the unsedime nted 
channel after 35 days. Fish in both the sedimented and 
unsedimented channels grew in length and weight , 
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but at the end of the test fish in the unsedimented channel 
were longer and weighed more than fish in the sedimented 
channel. The condition factor (K = length3/weight) of fish 
in the control channels decreased, while the condition 
factor of fish in the test channel remained unchanged, 
something we cannot readily explain . 

Few of the age I steeUlead and age 0 chinook we 
examined in 1974 had food in thei r stomachs. This could 
be a result of acclimatization to the channels or perhaps 
of the small size of the insects in relat ion to the size of the 
fish. In 1975 fish consumed equivalent numbers of 
Dipterans and Ephemeropterans during tes ts 6 and 7, 
but age 0 chinook and steelhead in tests 8 and 9 con­
sumed more Ephemeropterans than Dipterans (Table 8). 
The longer length of fish in tests 8 and 9 could account 
for the shift in preference, with larger fish select ing larger 
food organisms. 

Summer Tests - Insects: During the first three 
channel tests of 1974 we sampled insec t drift at sunset 

Fig. 29. Diagrammat ic representation of three cobb le imboodooness 
levels, showing key cobb le. 



Table 6 . Tests conducted in the artificial stream channels at Hayden Creek Research Statio n during the summers o f 1974 and 1975 and 
the fall of 1975. 

Average to tal 
Test number Type of test Date of test Imbeddedness Test duratio n Replicates Fish species· Age group length o f fish 

I Summer 8/9/ 74 1/3 
2 Summer 8/15/74 2/3 
3 Summer 8/23 /74 Fu ll 
4 Summer 9/ 1/74 Fu ll 
5 Summer 8/31/74 Full 
6 Summer 7/ 26 /75 1/ 2 
7 Summer 8/5/7 5 1/2 
8 Summer 8/14/75 Full 
9 Summer 8/23/75 Full 

10 Winter 10/ 19/75 1/ 2 
II Winter 10/26 /75 1/ 2 
12 Winter 10/ 31/75 Full 
13 Winter 11 /5/75 Full 

14 Winter 11 /9/75 Full 
15 Winter 11 /9/ 75 Full 
16 Winter 11 /13/75 Full 

· SH = steelh ead trout (Salmo gairdfleri Richardson) ; 
CK = chjnoo k salmon (OflcllOrhYflchus tshawy tscha Walbaum) ; 
cr = cutthroat trout (Salmo clarki Richardson), 
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Fig. 30. Changes in fish numbers with tim e in the Hayden Creek 
artific ial stream channels. Data are for test 8 , wild age 0 chinook 
salmo n. 

(days) (mm) 

5 wild SH 173 
5 wild Sf! I 167 
5 wild SH I 16 3 
5 wild SH 0 71 
5 I hatchery SH 0 61 
5 2 hatchery SH 0 54 
5 2 hatchery CK 0 III 
5 2 wild CK 0 96 

35 2 hatchery SH 0 53 
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5 2 wild CK 0 98 
5 2 hatchery SH 0 116 
5 2 wild CK 0 104 
5 2 hatchery SH 0 106 

& wild CK 0 122 
5 I ha tchery cr 0 59 
5 I wild CT I , II 134 
5 2 hatchery SH 0 119 

o Control (without .edimen') 

I. m1 Te.1 (with .ediment) 

r 

5"( II5-AO I SH , SH. SH o SH o (k o (k o 

OI IOIN ~WllD---~"'-HAT(HUY-1 WILD 

I ...... OOIONIU ' / l ,,, ,/, 
'" 

Fig. 3 1. Densities o f fish remaining in the Hayden Creek artificial 
stream channels aft er 5 days during the summer tests, 1974 and 
1975 . SH1 = age I steelhead ; CKO = age 0 chinook ; 1/ 3 imbedded­
ness = key boulders in pools 1/ 3 imbedded with sediment; F = key 
boulders in pools fully imbedded . 
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Fig. 32. Results of the 3S-day test in t he Hayden Creek artificial 
stream channels at fu ll imbedded ness, using age 0 hatchery steel­
head tro ut, 1975. Condit ion factor (K) = length3/weight. 
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Fig. 33 . Insect d rift at sunset in the Hayden Creek artificia l stream 
channels during summer tests I , 2 and 3, 1974. 1/3 = one-th ird 
cobble imbedded ness; F = fu ll imbcddedness; Y = fish in channel; 
N = no fish in channel. 

Table 7. Fish in the Hayden Creck artificial stream channels during the summer tests, 1974 and 1975. 

Fish remaining after 5 da~s 

Ei~b i I1H!:Hhlk~ % of Density Mean 

Test number Chan nel number Imbedded ness Species {age Nu mber Number fish added (fish/ m2) density 

3 0 W,S H/ I 60 48 80.0 3. 12 3.12-C 

4 1/3 W,SH/I 58 28 48.3 2.63 2.63·T 

2 3 0 W,SH/I 60 48 80.0 3.12 3. 12-C 

4 2/3 W,SH/I 60 17 28.3 1.1 5 l .l 5-T 

3 0 W,S H/ I 60 46 76.7 2.99 2.99-C 

4 Fo" W,SH/ I 60 5 8.3 0.34 0.34-T 

4 3 0 W,S H/O 150 127 84.7 8.10 8.10-C 

4 Full W,S H/O 150 82 54 .7 5.54 5.54-T 

3 0 H,SH/O 150 126 84 .0 8.20 8.20-C 

4 FuJI H,SH/O 150 41 27.3 2.77 2.77·T 

6 I 0 H,SHIO 225 195 86.7 8.46 
8.83-C 

2 1/2 H,S H/O 225 185 82.2 8. 11 

3 0 H,S H/O 225 212 94 .2 9.20 8.26·T 
4 1/2 H.SH/O 225 192 85.3 8.42 

I 0 H,(K/O 100 26 26.0 1.73 
1.90.c 

2 1/2 H.CK/O 100 8 8.0 0.51 

3 0 H,CK IO 100 31 31.0 2.07 O.77·T 
4 1/2 H,CK/O 100 16 16.0 1.03 

8 I 0 W,CK/O 150 48 32.0 3.20 
3.06-<: 

2 Fu U W,CK/O 150 2 0. 1 0. 13 

3 0 W,CK/O 150 44 29.3 2.93 0.06·T 
4 Full W,CK/O 150 0 0 .0 0.00 

9 I 0 H,S H/O 300 300 100.0 13.02 
13.02-C 

2 Full H,SH/O 300 53 17.7 2.32 

3 0 H,SHIO 300 300 100.0 13.02 1.64·T 
4 Full H,SHIO 300 22 7.3 0.96 
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Fig. 34. Insect drift at midnight in the Hayden Creek artificial 
st ream channels during summer tests I , 2 and 3, 1974 . 1/ 3 = o nc­
third cobb le imbcddcdness; F = full imbcddcdness; Y = fish in 
channel; N = no fish in channel. 

and at midnight. Although we found more insects drift­
ing at midnight than at sunset , we believe insect drift at 
sunset (or other daylight periods) to be a more relevant 
index of food available to the fish in this study because 
the fish species we tested are generally inact ive at night 
(Edmundson et al. 1968). Insect drift at sunset during 
tests I , 2 and 3 was not related to imbeddedness level 
(Fig. 33). Ephemeropterans were the most abundant 
insects in channels either with or without sediment. The 
total number of drifting insects was not substantiall y 
different in channels with or without sediment. 

Insects drifting at midnight during 1974 tests I , 
2 and 3 were mostly Ephemeropterans of the genus 
Baetis (Fig. 34). Midnight insect drift was 6 times more 
abundant than insect drift at sunset in the inlet water 
supply and 14 to 16 times more abundant in the channels 
(Fig. 35). A full moon was present during test 3, which 
may account for the smaller numbers drifting during that 
test , since drift of some insects (especially Ephemeroptera) 
is suppressed by moonlight (Anderson 1966 , Holt and 
Waters 1967). The abundance of insect drift was not 
decreased by adding sediment to the riffles in 1974. 

Our counts of insect drift at sunset in 1975 (Fig. 36) 
were larger than in 1974 (Fig. 33) because we included 
adults and pupae in 1975. Ephemeropterans were less 
abundant than Dipterans in 1975 , particularly in the 
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sedimented channels at full imbeddedness (Fig. 36). 
Because of the large number of Dipterans, there was essen· 
tially no difference in insect drift of all species in sediment­
ed and unsedimented channels. 

Winter Tests: In the winter tests , the number of fish 
that remained in the channels, particularly those channels 
with sediment , was smaller than in the summer tests 
(Figs. 3 1 and 37, Table 9). We believe that colder water 
temperatures caused this difference . At water tempera­
tures below SoC, the salmonids we tested enter the inter­
stices of the substrate (Everest 1969 , Miller 1970, Bjornn 
1971 , Morrill 1972). As we increased the imbeddedness 
levels in the channels, the interstices were filled and fish 
densities decreased, but the differences in fish densities 
in channels with one-half versuS full imbedded ness were 
less in the winter tests than in the summer tests. Age 0 
wild chinook stabilized at a density of 0.45 fish/m2 in 
the channels with one-half imbeddedness (test 10) and 
0.22 fish /m2 in the fully imbedded channels (test 12). 
The difference in densities of fish in the unsedimented 
channels for tests 10 and 12 was probably caused by 
colder water temperatures during test 12 (Fig. 38; refer 
to Table 6 for dates of tes ts). 

Age 0 hatchery steelilead in the channels with one­
half and full imbedded ness stabilized at 15.8 and 8.5 per­
cent , respectively , of the fish densities in the channels 
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Fig. 35. Average abundance of total insect drift during tests I , 2 
and 3 in the Hayden Creek inlet water supply and the artificial 
stream channels with and without sediment, 1974. 
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.. Ta ble 8 . Average numbers and percentages of Diptera, Ephcmeroptcra, and terrest rial insects found in the stoma chs o f age 0 chinook salm on 
and steclhcad trout in tests 6, 7 , 8 and 9 , at the Hayden Creek artificial channe ls, 1975. 

Number of A veragc number of in sects Percentage of total insect 
Test Fish Channel Imbcddcd- Number o f fish w ith food in stomach llym.l2ers in st2macb 

number species/age number ness fish in sample in stomach Dipleea Ephemeroptera Total Dipleea Ephemeroptera Terrestrial 

6 Steelhead I 0 9 6 7 5 14 50 36 7 
age 0 2 1/2 10 5 3 9 16 19 56 19 

3 0 I I 7 7 7 18 39 39 17 
4 1/2 I I 8 7 7 20 35 35 25 

7 Chinook I 0 10 5 7 9 27 26 33 18 
age 0 2 1/2 5 2 20 16 42 48 38 10 

3 0 10 5 9 6 19 47 32 20 
4 1/2 II 4 9 9 22 41 41 14 

8 Chinook I 0 10 7 9 19 31 29 61 6 
age 0 2 Full 3 3 8 19 33 24 58 15 

3 0 10 6 12 23 39 31 59 8 
4 Full 0 0 

9 Steclhcad I 0 10 6 4 10 16 25 62 12 
age 0 2 FuU 10 5 4 9 17 24 53 21 

3 0 10 5 4 7 14 29 50 18 
4 Full 7 5 5 9 19 26 47 21 

Table 9. Fish remaining in th e Ha yden Creck art ificia l stream c hannels during the winter tests, 1975. 

Fish remaining aflee ~ da~s 
Fish introduced % 0' Density Mean 

Test number Channel number Imbed dedness Species· / age Number Number fish added (fish/ m2) density 

10 I 0 W,CK/O 100 59 59 .0 3.93 
4.10-C 2 1/2 W,CK/O 100 7 7.0 0 .45 

3 0 W,CK/O 100 64 64.0 4 .27 0.4 5-T 
4 1/2 W.CK/O 100 7 7.0 0.45 

II I 0 H,SH/O 200 III 55.5 7.40 
7.70-C 2 1/2 H.SH/O 200 17 11.3 1.09 

3 0 H,5H/0 200 120 60.0 8.00 1.22-T 
4 1/2 H.S H/O 200 21 14.0 1.35 

12 I 0 W,CK/O 100 20 20.0 1.33 
1.43-C 2 Full W.CK/O 100 0 0.0 0.00 

3 0 W.CK /O 100 23 23.0 1.53 0.22-T 
4 FuJI W.CK /O 100 7 7.0 0.45 

13 0 W.CK/O 75 15 20.0 1.00 
H,5H/0 75 56 74.7 3.73 1.06..Q{,C 

2 Full W,CKIO 75 6 8.0 0.39 
n .5 H/0 75 12 16.0 0 .77 3.80-5 A,C 

3 0 W.CK /O 75 17 22.7 1.13 0.48-CH,T 
H,5H/0 75 58 77.3 3.87 0.68-5H,T 4 Full W,CK /O 75 9 12.0 0.58 
H,5 H/ 0 75 9 12.0 0.58 

14 I 0 H.CT/O 300 237 79.0 15.80 15.80-C 
2 F"U H,CT/O 200 50 25.0 3.22 3.22-T 

15 3 0 W,CT/ I,II 48 16 33.3 1.07 1.07-C 
4 Full W,CT/ I,II 15 I 6.7 0.06 0.06-T 

16 I 0 H.SH/O 130 108 83.1 7.20 
7.20-C 2 Full H.SH/O 50 9 18.0 0.58 

3 0 H,SHIO 130 108 83 .1 7.20 0.61-T 4 Full H,SHIO 50 10 20.0 0.64 

·SH '" steelhead trout; 
CH '" chinook salmon; 
W '" wild ; H '" hatchery; 
C '" contro ls; T .. tests. 
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without sediment (Fig. 37). Age 0 hatchery cutthroat 
trout in the channel with full imbeddedness stabilized at 
2004 percent of the fish density in the channel without 
sediment (Fig. 37). Age I and II wild cutthroat trout in 
fully imbedded channels stabilized at 5.6 percent of the 
fish density in unsedimented channels. 

In test 13 we placed both age 0 hatchery steel head 
and age 0 wild chinook together in the channels. The com­
bined fish density in the fully imbedded channels stabil­
ized at 24.7 percent of the density in the unsedimented 
channels, with steelhead at 17.8 percent and chinook at 
45.5 percent. 

Behavioral observations were not made during the 
winter test. Upon introduction into the channels, the fish 
immediately sought out spaces in the substrate. They re­
mained in these spaces until the water temperatures were 
increased just prior to electroshocking. For this same 
reason no stomach samples or drift samples were taken 
during the winter tests. 

Knapp Creek Study 

Methods 
During August of 1974, we introduced 34.5 m3 

of coarse granitic sediment «6.35mm diameter) into 
a test section of Knapp Creek (Fig. I), as was done in 1973, 
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Fig. 36. Insect drift at sunset (average of two channels) in the 
Hayden Creek artificial stream channels during summer tests 6, 
7, 8 and 9, 1975. 1/ 2 = one-half cobble imbedded ness; F = full 
imbedded ness; Y = fish in channels; N = no fish in channels. Hori­
zontal scale is temporal. 
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Fig. 37. Densities of fish remaining in the artificial stream channels 
after 5 days during the winter tests, 1975. W = wild; H = hatchery; 
1/ 2 = boulders in pools 1/2 imbedded with sed iment; F = fully 
imbedded; CKO = age 0 chinook salmon, SHO = age 0 steelh ead 
trout , CTO = age 0 cutthroat trout, CTI ,2 = Age I, II cutthroat 
trout. 
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to assess the effects of sed iment on fish and insect distribu­
tion and abundance in a section of natural stream where 
little sediment occurred naturally. Knapp Creek was 
selected because it contains natural populations of steel­
head and chinook salmon, is small enough to be sampled 
adequately , and is accessible by road. 

The section of stream we studied flows through a 
meadow, has a low gradient, and has a pool-riffle configura­
tion. We mapped the study section and established upper 
and lower control areas adjacent to the test section 
(Fig. 39). The surface areas of these sections were as 
follows: upper control, 506.8 m2; lower control, 233 .4 m2; 
test section, 290.8 m2 The length of the study section 
was 165 m. We measured water volumes, fish and insect 
densities, depth contours, and fish and insect distribution 
in both test and control areas of the study section. We 
measured fish and insect distribution and abundance prior 
to and after the addit ion of sediment in the test area and 
in control areas upstream and downstream from the 
affected section of stream. 

We added sediment in three steps to the test area 
and monitored the amount of sediment in the substrate 
before, during and after the addit ions. We introduced, 
19.00 m3 of sediment to the upper test pool on August 2. 
On August 5, we introduced 1.00 m3 to the upper test 
pool and 4.80 m3 to the lower test pool. On August 10 , 
the last addit ion, we introduced 14.50 m3 into the upper 
test pool. 

., 
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Table 10. Ranking scheme used to classify streambottom substrate 
in batholith streams for fish studies . 

Predominant Substrate Classificat ion 

Rank Substrate size 

1 <than 1.58 mm diameter 
2 1.58 to 6.35 mm diameter 
3 6.35 to 25.40 mOl diameter 
4 25.40 to 63.50 mm diameter 
5 > 63 .50 mOl diameter 

5-Rank Cobble 1m beddedness Classificat ion 

Rank Imbeddedness 

1 completely or nearly com pletely imbedded (heavy) 
2 3/4 imbedded (moderate) 
3 1/ 2 im bedded (intermediate) 
4 1/4 imbedded (light) 
5 unimbedded 

We took random core samples from the riffle sub­
strate with a modified sampler described by McNeil and 
Ahnell (1960). We analyzed the samples volumetrically, 
using 37.50 mm, 18.85 mm , 9.42 mm , 6.35 mm , 4.70 mm 
and 2.36 mm sieves. We classified the surface of the sub­
strate at each core and benthos sampling location with a 

, modification of Brusven and Prather's (1 974) classification 
(Table 10). 

We sampled insect benthos in the test section and 
in the upper control prior to the first addition of sediment 
and 1, 3, 14 and 23 days after the last addition. We counted 
(by snorkeling) the number of fish and noted their loca­
tion in each section prior to the first addition of sed iment , 
I day after the first addition, I and 4 days afte r the 
second addition and 3 and 13 days after the third addition. 
The data were plotted on maps of the study sections by 
a researcher following along the stream bank. Ages of 
chinook were designated as age 0 and I, and steel head as 
age 0 and age I or older. 

In August of 1975 we again mapped the study site 
and measured fish and insect densities in both test and 
control sections to determine if there were any long-term 
effects from the 1974 sediment addit ions. 
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Fig. 38. Water temperatures in the Hayden Creek artificial stream 
channels during the 197 S tests. SoC = critical temperature fo r 

~ salmonids studied. 
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Results 
As we int roduced fine sediment into the test section 

of the creek, several changes occurred. The physical charac­
ter istics of the stream section were changed in terms of 
pool volume, available habitat for fish and water velocity . 
Fish densities in the pools were affected, but insec t benthos 
in the test ri ffle was relatively unaltered in either abun­
dance or distribution by the sediment addit ions. 

As sedime nt was introduced onto the riffles and 
allowed to wash into the pools, the volume of the test 
pools was reduced and water veloci ties increased. This 
increase in ve locity tended to spread the sediment over a 
larger area , until a point of stabilization was reached and 
the sedime nt delta stopped its downstream movement 
in the pools (Figs. 40 , 41 , 42 and 43). 

We observed four species of salmonids in the study 
section of Knapp Creek: chinook salmon (age 0 and age I), 
steel head-rainbow trout (age I and older) , brook trout 
(Salvelinlls [ontinalis Mitchell ) and Dolly Varden (Sal­
velinlls malmo Walbaum). Age 0 chinook comprised the 
largest percentage of fish present. 

As the amount of fine sediment added to the test 
section increased , the amount of cover for fish decreased 
and fish densities decreased (Fig. 44 and Table II), whereas 
densities in the unsedimented sections remained relatively 
stable. With the additions of sediment , we decreased the 
volume of the upper test pool (portion of pool deeper 
than 0. 15 m) to 48 percent of the original volume. Total 
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Fig. 39. The Knapp Creek stud y area. Coarse granitic sediment 
«6.35 mm diameter) was introduced into the test sect ion in 
August 1974. 



Table 11. Fish counted in the Knapp Creek study ar ea before 
sediment was added (8/ 1) , after the first additio n (8/3), after the 
second addition (8/5 and 8/9) , after the third addition (8/ 13 and 
8/23), and on 8/ 15/ 1975. Sediment added on 8/2, 8/5 and 
8/ 10/ 1974. 

Number of fish counted 
Date of Fish 
count species/age* 

8/ 1/74 CK/ O 
CK/ I 
SH/ I+ 
EB/ I+ 
DV/ I+ 

8/3/74 CK/O 
CK/ I 
SH/ I+ 
EB/ I+ 
DV/ I+ 

8/5/7 4 CK/O 
CK/ I 
SH/ I+ 
EB/ I+ 
DV/ I+ 

8/9/74 CK/O 
CK/I 
SH/ I+ 
EB/ I+ 
DV/ I+ 

8/ 13/74 CK/O 
CK/ I 
SH/ I+ 
EB/ I+ 
DV/ I+ 

8/23/74 CK/O 
CK/ I 
SH/ I+ 
EB/ I+ 
DV/ I+ 

8/ 15/75 CK/O 
CK/ I 
SH/O 
SH/I+ 
EB/ I+ 
DV/I+ 

* CK = chinook salmo n; 
SH = steelhead trout; 
EB = broo k trout; 

Lower contro l 
section 

84 
9 

I I 
15 

I 

126 
4 
4 
9 
2 

103 
7 
5 

12 

79 
6 
3 
8 
3 

80 
7 
3 
5 

75 
10 

I 
7 

36 
5 
0 
9 
4 

DV = Dolly Varden trout ; 
0 = age 0 ; J = age J; l+ = age I and older. 

Upper control 
section 

3 14 
17 
I I 
12 
0 

3 14 
5 
3 
4 
2 

248 
8 
5 
8 
2 

204 
5 
3 
5 
2 

223 
7 
7 
4 
2 

209 
25 
10 
12 

49 
9 

32 
3 
3 

Test 
section 

23 3 
12 
29 
28 
6 

198 
14 
7 

22 
8 

149 
9 

14 
16 
5 

97 
6 

10 
I I 
3 

73 
14 
7 

14 
2 

53 
12 
9 

10 
2 

90 
9 
0 

19 
6 
4 

fish in the upper test pool decreased to 29 perce nt of the 
number prior to the addit ion of sediment, while age 0 
chinook decreased to 25 percent of the original number 
(Fig. 44 and Table II ). The density of fish expressed as 
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Fig. 40. The ma in pool in the Knapp Creek test section (looking 
downstream) before sediment was introduced into the stream in 
August 19 74. 

Fig. 41. The ma in poo l in the Knapp Creek test section (looking 
downstream) after the second addition o f sediment and just prior 
to the last ad dition o f sediment, 1974. 

Fig. 4 2. The main pool in the Knap p Creek test sect io n (looking 
downstream) after the last addition of sediment, 1974 . 
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Fig. 43. Depth contours in the Knapp Creek test section during 
the sediment additions of 19 74. Pool areas and volumes for por­
tions of the upstream pool morc than 0.15 In deep appear next to 
each figure. Pre-l = before first sediment addit io n (81l); post-1 = 

after rust add ition (8/ 3); p05t-2 = after second addit ion (8/9); 
post-3 = after third addition (8/13). 

fish /m 2 of pool surface area deeper than 0.15 m decreased 
to 39 percent of the original density; the density of fish 
expressed as fish /m3 of pool vo lume decreased to 38 
percent of the original density. 

The relationship of fish numbers to percentage pool 
volume deeper than 0.15 m after each addition of sedi­
ment appeared linear (Fig. 45). The fish numbers-percen­
tage volume data for the period after the second addition 
of sed iment were not included in the fitting of the regres­
sion line. Fish numbers decreased from 169 after the first 
addition of sediment to 77 after the second add ition , 
whereas pool volume did not change (41.3 versus 41.5 m3 ). 
The large decrease in fish numbers with no decrease in pool 
volume resulted when we added 1.0 m 3 of sediment to 
one area of the pool where large numbers of age 0 chinook 
were located (Fig. 46). After the first addition of sediment, 
67 age 0 chinook were located in a small eddy area at the 
upstream end of the pool where depth was 0 .15 to 0.30 m. 
The presence of large predator trout and Dolly Varden in 
the deeper parts of the pool probably influenced the 
behavior of the age 0 chinook , forcing them to remain 
mostly in the upstream end o f the pool , a habitat not 
preferred by the chinook prior to the sedime nt additions. 
'When we added sediment the second time we decreased 
the depth of this section of the pool to less than 0.15 m 
without decreasing the total pool volume . The age 0 
chinook then moved into the deeper part of the pool or 
out of the test section entirely (Fig. 46). 

3 1 

The relationship between number of fish in the 
upper test pool and percentage pool area deeper than 
0.15 III was not linear for the full range of 0 to 100 per­
cent pool area (Fig. 47). We decreased the pool area deeper 
than 0.15 m only to 75 percent of the original area. The 
depth of 0.15 m may not be the critical depth in the 
relationsh_ip of fish numbers and percentage pool area. 
When we used the percentage pool area deeper than 0.30 m, 
the relationship of fish numbers to pool area was again 
approximately linear (Fig. 48) if in fittin g the regression 
line we did not include the observation after the second 
addition of sediment. A decrease in the area of the pool 
deeper than 0.30 m caused a linear decrease in fish numbers 
in the pool. 

Total fish densities in 1975 in the study area were 
about 50 percent of the pre-sediment densities of 1974 
(Fig. 44). The smaller densities in 1975 were probably a 
result of fewer chinook salmon spawning in 1974 than in 
1973. Other streams in the study area also had decreased 
fish densities in 1975 compared with 1974 (P.T. Sekulich , 
University of Idaho, personal comm unication). 

N ,. 

1.0 UPPEA CON UOl O AII fi5 h 

l::::::::} Age 0 ch inook .... 

1.0 l OW EA CONTAO l 
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o II 

3 Post 1975 

SED IMENT ADD IT IONS 

Fig. 44. Total fish and age 0 chinook salmon densities in the 
control (unsedimentcd) and test (sed imcnted) sect ions of Knapp 
Creek prior to the first add ition of sediment (8/1/14), I day after 
the rust add ition (8/3), 4 days after the second addition (8/9), 
3 and 13 days after the third addition (8/13 & 8/ 23), and 1 year 
later (8/15/75). 
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Fig. 45 . Number of fish in the upper test pool at Knapp Creek 
versus the percentage poo l volume deeper than 0.15 m during the 
sediment additions in 1974. 
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Fig. 46. Distribution and numbers of fish in the upper test pool 
at Knapp Creek after the rust and second additions of sediment 
into the pool. Each symbol represents onc fi sh, unless otherwise 
labeled. Decimal fract ions indicate dep ths of outlined portions of 
pool. 
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Fig. 47. Number of fish in the upper test pool at Knapp Creek 
versus the percentage pool area deeper than 0.15 m during the 
sed iment additions in 1974 . 
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Fig. 48. Number of fish in the upper test pool at Knapp Creek 
versus the percentage pool area deeper than 0 .30 m during the 
sed iment additions in 1974. 
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Fig. 49. Correlational survey stud y sites on Elk and Bearskin 
creeks in the central Idaho batholith. 

.• 

• 

.. 



• 

.' , 

.' . 

Correlational Stream Surveys 

Methods 
As another approach to determining if fi sh density is 

limited by food abundance, which in turn might be limited 
by the amount of fine sediment in the riffles, we measured 
the following parameters at 23 pool· riffle sites on Elk and 
Bearskin creeks in the summer of 1975 : riffle length and 
area, pool length and area, insect drift , percentage sediment 
«6.35 mm) in the riffles, average substrate imbeddedness 
in the pools, percentage cover in the pools, water depth, 
water temperature, fish densities, and fi sh lengths and 
weights (Table 12). 

Our aim in this portion o f the study was to see if 
fish densities in August were correlated with the environ­
mental parameters we thought important , particularly 
sediment concentrat ions in riffles and insect drift abun­
dance. We wish to emphasize the extensive rather than 
intensive nature of the data collected. Because of man­
power limitations, we could not sample at all sites simul­
taneously and we had to settle for a less-than-optimum 
research design. We made the following assumptions: 

I) insec t drift measured at sunset and in late 
August is a valid measure of drift food 
abundance; 

2) insec t drift at sunset and in late August refl ects 
the effect, if any, of various fine sediment 
concentrations in riffles~ 

3) insec t drift collec ted on the first sampled 
riffles (August 17) is comparable with drift 
from the last sampled riffles (August 28). 

We selected 15 pool·ri ffle complexes in Elk Creek 
and 8 such sites in Bearskin Creek (Fig. 49). These creeks 
have low gradients and meander through meadows. We 

selected the sites to provide a wide range of sediment 
concentrations in the riffles. The section of Elk Creek 
studied was abou t 18 km long, and the sec tion of Bearskin 
Creek about 12 km long. Discharges in early September 
of 1975 were 0.84 m3·sec for upper Elk Creek and 
1.30 m3·sec for lower Elk Creek. Bearskin Creek had a 
fl ow 0[0.28 m3·sec at the mouth. 

The creeks contain natural populations of chinook 
salmon , stee]head trout and mountain whitefish (Prosopium 
williamsoni Girard). We obtained fish densi ties by snorkel· 
ing and counting fish in the areas of preferred habitat 
(depth > 0 .15 m). 

Samples of insect drift at each site were taken with 
0.70 mm mesh nylon drift nets for I hour , beginning I 
hour before sunset. Two nets were placed at the down­
st ream end of each riffle and the samples were combined 
for analysis. One net was positioned on each half of the 
main flow over the riffle and we measured the volume of 
flow through each net. Weather conditions and time o f 
su nset were also recorded for each sampling. The samples 
were preserved in 70 percen t ethanol and the insects 
were keyed to order and analyzed numerically and 
volumetrically. Drift was expressed as both numbers and 
volume per cubic meter of flow. 

We estimated the percentage of substrate material 
smaller than 6.35 111m in diameter in each riffle from 
five random core samples taken frolll each riffle using 
techniques described previously in this report. We analysed 
the samples volumetrically, using the same set of sieves 
used on Knapp Creek . 

We measured the amount of cover in each study site 
and classified the cover using a two-type system. Surface 

Table 12. Ranges and means of the para meters measured during the correlatio nal stream surveys o n Elk and Bearskin creeks, August 1975. 

Stream section Rifne Rim e 
and number of length area 
sample sites (n) (m) (m 2) 

Upper Elk Creek 
Range 

n = 8 Mean 

Lower Elk Creek 
n = 7 Range 

Mean 

Upper Bearskin 
Creek 

n = 4 Range 
Mean 

Lower Bearsk in 
Creek 

n = 4 Range 
Mean 

5·14 29·195 
9 90 

5·15 13·158 
9 80 

2·8 8·25 
4 16 

4·8 25·84 
6 52 

Pool Pool 
lengt h area % Riffle 

(m) (m2) sed iment 

14·30 62·269 2347 
22 154 32 

10·38 51·235 38·59 
22 129 44 

7·12 29·52 20·37 
10 39 28 

9·22 29·133 61·75 
13 65 66 

Poo l 
imbedded ness 

1/4·3/4 
1/2 

1/2·Full 
3/4 

1/4·1 /2 
1/2 

Full 
Full 

33 

Water 
temperature % Surrace % Bottom 

(Oe) cover cover 

7.0·13.5 

7.0·13.5 

2.0·11.0 

4.0·13.0 

10-60 
35 

20-60 
39 

40·50 
45 

2540 
31 

0·30 
9 

0·10 
6 

10-30 
22 

0·20 
22 

In sect 
drift 

(nos./ m3 now) 

.40·1.80 
0.98 

.05·3.70 
1.40 

.3 1-0.71 
0.53 

.43·1.60 
1.10 



cover (type I) included overhanging vegetation, under. 
cut banks and surface turbulence. Bottom cover ( type 2) 
included boulders and logs lying in the bottoms of the 
pools. Both types of cover were expressed as percentages 
of the total pool area. 

We also attempted to increase fish density by adding 
wild age 0 chinook salmon to pools. The hypothesis tested 
was HO: The addition of fish to pools downstream from 
riffles with either large or small amounts of fine sediment 
will not permanently illcrease the fish dellSity. Sites with 
large and with small concentrations of sediment in the 
riffles were chosen for the test. We counted the fish in 
the test pools before and 24 hours after the additional 
fish were introduced, to determine if the densities had 
changed. 

Results 

tlk Creek: Elk Creek contained three species of 
salmonids (chinook salmon , steelhead trout , and mountain 
whitefish) that we included in the total fi sh densities. 
Total densities in the pools ranged from 0.09 to 
0.43 fish /m2. Age 0 chinook comprised the majority of 
the fish in the pools studied (Table 13). 

Table 13. Fish densities (pcr m2) in Elk Creek poo ls during the 
correlational surveys of August 1975 . 

Site Chinook salmon Steelhead Whitefish Tota l 
number Age a Age I Age 1+ fish 

0.10 0.07 0.004 0.18 
2 0.09 om 0.010 0.11 

3 0.28 0.07 0.020 0.37 
4 0.16 om 0.004 0.17 

5 0.18 0.05 0.040 0.005 0.28 
6 0.14 0.06 0.20 

7 0.28 0.28 
8 0.10 0.02 0.008 0.13 

9 0.3 1 0.10 0.020 0.43 
10 0.10 0.02 0. 12 

I I 0.05 0.Q3 0.020 0.1 0 
12 0. 10 0.05 0.15 

13 0.03 0.01 0.005 0.040 0.08 
14 0.13 0.04 0.010 O.O tO 0.19 

15 0.09 0.Q3 0.12 

Insect drift densities from the riffles in Elk Creek 
did not correlate significantly with perce ntage fine sedi. 
ment in the riffles (r = 0.126 , Fig. 50). Correlation of fish 
densities in the Elk Creek pools with insect drift gave an 
r value of 0.559 (probability that r not Significantly dif. 
ferent from zero equals < 0.028) (Fig. 5 1), suggesting that 
a relationship existed between insect drift abundance at 
sunset and fish density. Fish densities in the pools did not 
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Table 14. Multiple correlations for Elk Creek in 19 75, using the 
model Y = a + bX t + cX2. 

y 
X2 R 

Fish/ m2 in pools % Riffle sediment Drift density 0.3 24 
Fish/ m2 in pools % Riffle sediment Drift/pool area 0.780' 
Fish/ m2 in poo ls % Riffle sed iment Bottom cover 0.582 
Fish/ m2 in pools % Bottom cover Drift densit y 0.602 
Fish/ m2 in pools % Bottom cover Drift/pool area 0.767' 
Drift density % Riffle sediment Riffle area 0.138 
Drift density % Riffle sediment Riffle length 0. t97 

• Significant at 0:: = 0.01. 

co rrelate Significantly with percentage sediment in the 
rifOes (r = 0.164, Fig. 52), as we mighl expect , since 
insect drift did not correlate with percentage sediment 
in the rifOes. 

Cover limits fish density in some cases, so we 
attempted to correlate fi sh density with the amount of 
cover in the pools (Fig. 53). The largest r value obtained 
was with bottom cover (r = 0.574, P < 0.025), an indication 
that cover in the pools may in fa ct affect the density of 
fish in Elk Creek. 

To see if these parameters in combination affected y 

fish density, we correlated percentage sediment in the 
riffles , insect drift, bottom cover and the ratio of insect 
drift to pool area (Table 14). We used the ratio of drift 
density to pool area on the hypothesis that the amount of 
available food per unit area of pool could affect fish den. 
sity . Fish density correlated best with percentage sediment 
and drift/m2 of pool area (R = 0.780, Significant at 
ex= 0.0 I) and with amount of bottom cover and drift /m2 
of pool area (R = 0.767, Significant at <X = 0.01). The 
correlation of fish density with bottom cover and drift 
density (R = 0.602) may be more va lid, as ar tifacts can be 
produced by using a ratio as a variable in a mUltiple regres-
sion model. 

Table 15. Result s of Duncan's multiple range test of the means 
for age 0 chinook lengt h and weight in Elk and Bearskin creeks, 
August 1975. 

Stream section 
and number of 

sa mple sites 

Tota l length (mm) 
Different 

Mea n at 0:: = 0.01 

Upper Elk Creek 63.0 
n = 20 

Lower Elk Creek 70.9 
n = 20 

Bearskin Creek 77..2 
n = 20 

yes 

no 

no 

Body weight (kg) 
Different 

Mean at ex = 0.05 

2.60 yes 

3.90 no 

4.28 no 

• 
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Fig. 50. Insect drift density at sunset versus percentage sediment 
in riffles in Elk Creek. August 1975. 

Lengths and weights of age 0 chinook from upper 
and lower sections of Elk Creek were significantly different 
at 0: ; 0.05 (Table 15). The larger amount of insect drift 
in lower Elk Creek (Table 12) may be responsib le for the 
larger sizes of fish there. Water temperatures were the same 
in both upper and lower Elk Creek sections during the 
surveys. 

We expected that , among other factors , riffle size 
might affect the density of insect drift (Brusven 1970a). 
However, the correlation coefficients of insect drift to 
rime area (Fig. 54) and rime length (Fig. 55) were not 
significant (r ; 0 and r; 0.16 , respectively). The multiple 
correlation of insect drift to percentage sediment in the 
rimes and rime length had an R value of 0.197 (Table 15). 

Bearskin Creek: Bearskin Creek contained the same 
species of fish as Elk Creek, with age 0 chinook comprising 
the majority of the fi sh counted (Table 16). Total fish 
densities in Bearskin Creek ranged fr0111 0.60 to 1.47 
fi sh/m2 in the pools, substantially larger densities than in 
Elk Creek. 
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Fig. 51. Fish density in pools versus insect drift in pools in Elk 
Creek, August 1975. 
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Fig. 52. Fish density in pools versus percentage sediment in riffles 
in Elk Creek, August 1975. 
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Fig. 53. Fish density in poo ls versus percentage of pool area with 
cover in Elk Creck, August 19 75. Type 1 = surface cover; type 2 = 
bottom cover. 



Table 16 . Fish densities (per m2) in Bearskin Creek pools during 
the correlational surveys of August 1975. 

Site Chinook salmon 
number Age 0 Age I 

1 0.86 0.10 
2 0.80 0.17 

3 0.82 0.13 
4 0.71 0.06 

5 0.93 0.14 
6 1.44 

7 0.54 0.06 
8 0.45 0.09 

Steelhead Whitefish Total 
Age 1+ fish 

0.05 
0.03 

0.03 
0.06 

0.03 0.99 
0.97 

0.95 
0.81 

1.22 
1.47 

0.63 
0.60 

As we found in Elk Creek, insect drift density was 
not significantly correlated with percentage fine sed iment 
in the riffles of Bearskin Creek (r = 0.467 , Fig. 56). We did 
find , however, evidence of a comm unity shift to more 
Dipterans with larger percentages of sediment in the riffles 
Such a shift was also noted in the 1975 drift samples 
collected in the artificial stream channels at Hayden Creek. 
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Fig. 54 . Insect drift density versus riffle area in Elk Creek, August 
1975. 
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Fig. 55. Insect drift density versus rime length in Elk Creek, August 
1975. 

Insect drift density in Bearskin Creek was significant­
ly correlated with riffle area (r = 0.834, p <0.012; Fig. 57) 
and tltis may explain the large numbers of drifting insects 
across riffles with large percentages of sediment (Fig. 56), 
since the sites with large numbers of drifting insects and 
large percentages of sediment also had the largest riffle 
areas. The correlation coefficient for riffle length and 
insect drift, however, was not significantly different from 
zero (r = 0.557, P <0.850; Fig. 58). 

Fish density verSUS insect drift density (Fig. 59) 
was not linearly correlated (r = 0.14 1). The relationship 
in Fig. 59 appeared curvilinear, and the r value using the 
square of the insect drift as the second "X" var iable was 
0.908 and significant , but as Ricker (1975) warned , beware 
of using this function lest significance appear where it 
does not exist; we could not think of any reason why 
fish density should decrease with larger drift densities. 

As in Elk Creek, fish density in the pools of Bearskin 
Creek was not significantly correlated with percentage 
sediment in the riffles (r = 0.420, Fig. 60). Fish density 
in Bearskin Creek was not strongly correlated with either 
bottom cover (r = 0.404, P < 0.15; Fig. 61) or surface 
cover (r = 0.590 , p <0.13; Fig. 61). 

The relationship of fish density to insect drift density 
may be obscured by the effect of cover. Those sites where 
fish density was small even though insect drift density was 
large (Fig. 59) had small percentages of cover. Bottom 
cover was 10 , 0 and 0 percent , respectively, for the three 
sites (sites I , 2 and 8). By combining drift densi ty and 
percentage bottom cover (by multiplying the two variables 
together), a significant correlation with fish density was 
obtained (r = 0.758 , P <0.025; Fig. 62). 

None of the multiple correlation coefficients of 
fish density versus percentage sediment in the riffles, 
insect drift density. bottom cover or the ratio of drift to 
pool area was Significantly different from zero (Table 17). 
Bottom cover and drift density/m 2 of pool area correlated 
best with fish density. 

Table 17. Multiple correlations for Bearskin Creek in 1975, using 
the model Y = a + bXl + cX2. 

y R 

Fish/m2 in pools % Riffle sediment Drift density 0.424 

Fish/m2 in pools % Riffle sed im ent Drift /pool area 0.628 

Fish/m2 in pools % Rime sediment Bottom cover 0.452 

Fish/m2 in pools % Bottom cover Drift density 0.431 

Fish/m2 in pools % Bottom cover Drift/pool area 0.669 

Drift density % Riffle sediment Rifne area 0.913' 

Drift density % Rifne sed iment Riffle length 0.653 

• Significa nt at ex = 0.05. 
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Fig. 56. Insect drift densit y versus percentage sediment in riffles in 
Bearskin Creek. August 1975. 

Age 0 chinook in Bearskin Creek were the same 
length and weight as age 0 chinook in lower Elk Creek, 
but significantly larger in length and weight than fish in 
upper Elk Creek (Table 15). Water temperatures and 
insect drift densities were not obvious explanations for 
the differences in length and weight o f salmon from 
Bearskin Creek and upper Elk Creek. 

/ 

Insect Drift: The natural variation in insect drift 
abundance inherent with the temporal and spatial separa­
tion of our sampling may have masked some correlat ions, 
if present , or created some spurious ones . Although we 
were able to sample the drift once at each of the 23 sites 
during a 12·day period (August 17 to 28), there were 
differences in moon phase and cloud cover during the 
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Fig. 57 . Insect drift versus riffle area in Bearskin Creek, August 
1975 . 
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Fig. 58. Insect drift ve rsus riffle length in Bearskin Creek, August 
1975. 
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Fig. 59. Fish densit y in pools versus insect drift densit y in Bearskin 
Creek, August 1975. 

period. Elliott (1 970) illustrated the effects of light inten· 
sity on the abundance of insect drift. Correlation of insect 
dri ft to moon phase or cloud cover did not, however, help 
to explain the variability in our data . Brusven (I 970a and 
19 70b) illustrated the variations in drift abundance that 
also could occur from sampling the same stream on 
different dates and at different stages of insect develop­
ment. 

If insect drift abundance does regulate fi sh abundance 
in the study streams, perhaps the insec t drifts in late 
August and /or at sunset are not the c ritical portion of 
the d rift. The number of insects dri fting throughout the 
day or at another time during the summer may be the 
critical drift parameters that regulate fish abundance . 
Since drift is less abundant during the day time, we might 
expec t maximum interaction between fi sh for food during 
the day time. In addition , Waters (1 969) pointed out that 
al though drifting insects are an important source of food 
for most salmon ids, these fish species also feed on non· 
drifting bottom insects. 

Insect drift from a particular riffle at sunset or in 
August may not full y reflect the effects, if any, of sediment 
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Fig. 60 . Fish densit y in pools versus percentage sediment in riffles 
in Bearskin Creek, August 1975 . 
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concentrations in that riffle. The drift entering our nets at 
the downstream end of a riffle may also come from other 
riffles upstream with lesser concentrations of sediment. 
Drift at a particular time of day may not renect a decrease 
in insect abundance caused by excessive amounts of fine 
sediment in riffles. 

Discussion 

In our 1974 and 1975 tests of summer holding capa­
city in the artificial stream channels, we observed a decrease 
in fish densities with an increase in fi ne sediment in the 
pools for all species tested. Holding capacities of the 
channels were fi sh-size related, the smallest fish (age 0 
steelhead) stab ilizing at the largest densities. Fish densities 
decreased more than decreases in volume of waler in the 
pools. For example, densities of wild age I steel head at 
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Fig. 6 1. Fish densit y in pools versus percentage of pool area with 
cover in Bearskin Creek, 1975. Type 1 = surface cover; type 2 = 
bottom cover. 
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Fig. 62. Fish density in pools versus insect drift times percentage 
bottom cover in pools in Bearskin Creek, August 1975. 

one-third , two-thirds and full sediment imbedded ness were 
reduced to 84 , 40 and II percent of their original densi­
ties, respectively, but volumes were reduced during the 
same tests to 92 , 84 and 75 percent , respectively, of the 
original volumes. Reduction in the amount of cover (large 
rocks in bottom of pools) for fish was the reason for 
larger reductions in fish densities than in pool volumes. 
As we increased fine sed iment levels in the channels, we 
decreased cover for fish more than we decreased volume 

_. 

• 

in the pools. • 4 . 

Bjornn et al. (1974) found no decrease in fish densi­
ties with the addition of fine sediment to only the rifOes 
in the same artificial stream channels in the summer of 
1973. Insect drift was not limited in the 1973 tests with 
the addition of sediment to the riffles, and cover was not 
reduced in the pools; thus it was not surprising that fish 
densities were not affected. In the 1973 tests , the pools 
did not contain large rocks as cover for fish, and fish 
densities at the end of each test , although unaffected by 
sediment added to the riffles, were therefore smaller than 
in our 1974 and 1975 tests, except for hatchery age 0 
steelhead. 

The differences in behavior of fish in channels with 
or without sediment probably resulted from changes 
in available cover. As cover decreased with increased 
sediment levels, fish were forced into the open areas of the 
pools where they could not easily maintain territories. 
Bjornn et al. (1974) found that age I steelhead set up a 
hierarchical st ructure at the downstream end of the pools 
in both the test and control channels. In our tests, we 
found a large rate of fish interaction in the pools containing 
sediment , until the density declined as fish moved out of 
the channels. [n the channels without sediment and in the 
channels with low levels of sedime nt imbeddedness, where 
most of the cover was st ill available, we observed few 
hierarchical interactions between fish. 

Fish densities decreased more in the winter tests 
than in the summer tests. (n the winter tests interstitial 
cover provided by the large rocks was important , but the 
capacity of the large rock substrate as cover was less in 
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winter than in summer. When water temperatures dropped 
below SoC the fish entered the interstices in the substrate . 

Bj ornn et al. (1974) fou nd that fewer age a steelhead 
and chinook remained in the channels containing fine 
sediment in the riffles than in channels without sediment 
during the 1973 winter tests. Some of these fish used the 
rimes for winter cover. As sed iment levels were increased 
in the riffles, the cover was reduced and fewer fish 
remained in the channels with sediment. 

In Knapp Creek, as in the channels, fish densi ties 
decreased as fine sediment was added to pools in the test 
section in 1974. Fish abundance dec reased at a faster 
rate than did pool volume. Observations of the fish in 
Knapp Creek indicated definite habitat preferences. Age a 
ch inook preferred water 0.15 to 1.00 m in depth near the 
shore areas of the pools. The addition of granitic sediment 
into the stream decreased the abundance of age a chinook 
by reducing thei r preferred habi tat. The larger steel head 
trout , brook trout and Dolly Varden preferred the deeper 
areas of the pools and the undercut banks. As tlus habitat 
was reduced by the addit ion of sediment, more of these 
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fish left the pool. The reductions in fish abundance in 
Knapp Creek were due primarily to the reductions in pool 
volume and areas of preferred depth for the fish. The 

j ... ... red uctions in fish densities in the artificial stream channels 
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were due primarily to loss of cove r, as vo lume of the pools 
was not red uced as much as in Knapp Creek. 

In their 1973 tests Bjornn et al. (1974) observed 
little, if any, decrease in fish density in the test section of 
Knapp Creek as they added sediment. In fact, both number 
of fish and fish density (fish/m3) in the upper test pool 
increased after the first addit ion of sediment. The re­
searchers concluded that fish density was not at a maxi­
mum when the sediment was first added to the test pool 
in 1973. 

In both 1973 and 1974 additions of sediment to the 
upper test pool in Knapp Creek caused decreases in area 
and volume of those parts of the pool deeper than 0.30 m 
and ultimately caused decreases in fish numbers (Fig. 63). 
The number of fish in the pool prior to the sediment addi­
tions was not used in the fitt ing of the line for 1973 
because fish density was not at a maximum and therefore 
fish numbers in the pool were not affected by the decrease 
in pool area that occurred during the first sediment 
addition. 

The 1974 observations indicate the same general 
linear decline in fish abundance with decreased pool area 
as in 1973 (Fig. 63). The decline in fish numbers after the 
second addition of sediment was due to loss of a small 
area of habitat where age 0 chinook were concentrated. 
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From the Knapp Creek data for 1973 and 1974 
we have concluded that a decrease in the area of pools 
deepe r than 0.30 m frol11 the addition of fine sediment 
will cause a linear decrease in fish abu ndance in streams 
the size of Knapp Creek or smaller. Such a direct linear 
relat ionslup may not hold for large pools (more than 
100 to 200 m2) in larger streams. Our observations in 
ot her st reams, particul arly Elk Creek, lead us to believe 
that juve nile fish use and need only a fraction o f the total 
area available in large pools. 

Elk Creek posed an interest ing problem in assessing 
and quantifying the effects o f fin e sediment on the fi sh 
and aquat ic insect populations. Riffles with large and small 
percentages of sediment occ urred throughout most of the 
stream length. Although riffles with large percentages of 
sediment were more common in the lowe r section of Elk 
Creek , some riffles in the upper reaches also had large 
percentages of sedimen t. 

Fish density and insect drift density were not signifi­
cantly correlated with riffle sedimentat ion in Elk Creek. 
Fish density was related to insect drift and cove r in the 
pools. Multiple correlations of insect drift , percentage 
riffle sediment and cover indicated that these factors in 
combination may affect the fi sh density in Elk Creek. 

In Bearskin Creek none of the simple correlations of 
insect drift versus sediment , fish density ve rsus sediment , 
fish density versus insect drift , fish density ve rsus cover or 
insect drift versus riffle length was signifcant (ex= 0.05). 
The only correla tion with a coefficient significantly 
different from zero was insect drift versus riffle area. 

In Bearskin Creek fish density was small in three 
sites with large amounts of insect drift (Fig. 59). Small 
amounts of cover in these three sites may have been partly 
responsib le for the small densities of fish. With the three 
sites omitted, the correlation coefficient for the relation­
ship of fish density to insect drift was 0.974. Using insect 
drift density and percentage bottom cover combined 
(Fig. 62), we fo und a significant correla tion (ex= 0.05) 
with fish density in Bearskin Creek. 

From our work in Elk and Bearskin creeks, we con­
cluded that fish densities were not directly regulated by 
the percentage fine sediment in the riffles (range = 20 to 
75 percent). There was some inconclusive evidence that 
fish dens ities were regulated, in part, by insect drift 
abu ndance and bottom cover in pools. The abundance of 
insect drift also was not obviously related to the percentage 
of fine sediment in the riffle sampled. Unless we failed to 
measure the critical parameters (as discussed earlier), the 
sediment cond itions in Elk and Bearskin creeks did not 
have an observable adverse effect on fish densities or food 
ava ilab le to fish in the form of insect drift. 
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SUMMARY 

In the experimental portions of ou r studies, we found 
that excessive amounts of coarse sand and smaller sedi­
ments can I) affect the aquatic insect populations when 
deposited in riffles, 2) reduce the summer rearing capacity 
of streams when deposited in pools, and 3) reduce the 
winter fish capacity of streams when deposited in the 
larger interstitial spaces of stream substrate. In earlier 
studies, Bjornn (I969) and more recently McCuddin and 
Bjornn (unpublished data, Idaho Cooperative Fishery 
Research Unit) demonstrated that survival and emergence 
of salmon and steel head trout embryos were reduced by 
excessive amounts of fine sediment in spawning riffles. 
We were unable to consistently correlate insect abundance 
to riffle sedimentation or fish abundance to either of the 
above variables in the natural streams, but less-thao-fu ll 
seeding of the rearing areas with salmon fry Illay have 
been a reason for the lack of consistent results. 

Survival and emergence of sa lmon and trout embryos 
in spawning riffles may not limit the abundance of these 
fish in batholith streams, except in years with small spawn­
ing escapements. Summer rearing or winter holding habitat 
in the stream may be more important than embryo surviva l 
in regulating fish abundance in most years. 

If we come back to the question , "How much sedi­
ment (coarse sand and smaller) is too much?" we tind that 
when the percentage of tine sedime nt exceeds 20 to 30 
percent in spawning riffles, survival and emergence of 
salmonid embryos begins to decline. When riffles are 
fu lly imbedded with tine sediment , insect species composi· 
tion, if not abundance , changes (Figs. 13 through 19). The 
abundance of juvenile salmon in pools of small rearing 
st reams declines in almost direct proportion to the amount 
of pool area or volume lost to fine sediment deposited in 
the pool (Fig. 63). The number of juvenile salmon and 
trout a stream can support in wint er is much reduced when 
the interstices in the stream substrate are filled with fine 
sediment. 

To avoid seriously reducing the salmonid production 
capacity of a batholith stream, tine sed iment should not 
be allowed to till in the pools or to fully imbed the larger 
substrat e rocks. In years with small spawning escapements, 
spawning riffles should not have large amounts of tine 
sediment or the rearing areas will not be fully seeded with 
fry. 

Since it is not practical to determine the sediment 
budget (input minus deposition + pickup = output) for each 
stream, we advocate using the percentage of fine sediment 
in selected riffle areas as the primary index for monitoring 
the deposition of fine sediment in streams and for deter­
mining when too much deposition is occurring in Idaho 
batholith streams. Monito ring the pe rcentage of tine sedi· 
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ment in riffles is, admi ttedly, an after-the-fact measure­
ment as far as the riffles are concerned , but may give 
advance warning of excessive fine sediment inputs that 
will til! pools and substrate interstices. At the least , if 
sample sites are properly located, the riffle sedimentation 
index can be used to help locate sources of excessive 
amounts of fin e sediment. 

Our rationale for using the percentage of fine sedi­
ment in selected riffles as the primary index for monitor­
ing the "sediment health" of a stream is based on several 
considerations. The determination of a sediment budget 
fo r most streams would not be practical. The measurement 
of bedload sediment transport during peak discharge is 
difficult in most st reams. Annual accurate measurement 
of sediment transported throughout the year would be 
cost ly. Turbidity of the stream has been used as an index 
of total sed iment transport in some streams but is indirect­
Iy , and perhaps poorly , related to the deposition of coarse 
sand and smaller sed iments in Idaho batholith streams. 
Core sampling of riffle sed iments in Idaho bat holith st reams 
can be done during the low fl ow periods of summer. Rela­
tively precise estimates of riffle sediment can be obtained 
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Fig. 63. Fish numbers in upper test pool versus percentage pool 
area deeper than 0.30 m, during the sed iment add itions into Knapp 
Creck, 1973 and 1974. Arrows denote observat io ns not used in 
fitti ng the regression line. P = prior to addition of sed iment ; 1 = !; 

after first addition; 2 = after second addit ion; 3 = after third ~ 

add ition. 
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if annual sampling sites are restricted to spawning riffles, 
most of which have gravels of a size which can be handled 
by co re sampling techniques. 

The percentage of fine sediment in riffles not only 
provides a measure o f the suitability of the rimes for 
embryo survival, but also should be an index of the amount 
of fine sediment being deposited in pools or substrate 
interstices. If the riffles contain small amounts of fine 
sediment , then it is not likely that significant amounts of 
sediment are being deposited in pools or between the 
boulders of the stream sub strate. 

Sediment transport and deposition in relation to dis­
charge for given sections of the batholith streams we 
studied can be generalized as in Fig. 64. For a given sec tion 
of stream there are critical discharges which will transport 
the coarse sand and smaller sediment across riffles, out of 
pools , out of rimes after dislodging the armor layer, and 
out of the substrate afte r moving the large boulders 
(Fig. 64A). In the batholith streams we studied, the Snow 
melt runoff was rarely insufficient to transport sediment 
out of the pools. An above-average snow melt runoff 
would be needed to dislodge the annor layer on the riffles 
so that sediment trapped within the rifOes could be 
removed (Fig. 648). The amount of coarSe sand and smaller 
sediment that can be transported through a given section 

In a year of above-average runoff with discharge 
capable of moving the armor layer on the riffles, the fine 
sediment within the riffles becomes availab le for tra nsport 
down the st ream. If the stream were to run out of sediment 
to transport while the discharge is still large enough to 
move the armor layer on the riffles, the amount of sedi­
ment redeposited within the riffles would be minimal 
(Fig. 64D). If the stream is still transporting fine sediment 
after the discharge has declined below the quantity which 
dislodges the armor layer on riffles , then the riffles would 
be refi lled with fine sediment (Fig. 64E). If the stream is 
sti ll transporting fine sediment after discharge has fa llen 
below the level which removes fine sediment from pools, 
then the pools wo uld be refilled (Fig. 64F). 

~ A of st ream is a funct ion of discharge (Fig. 64C). 

Some of the streams we studied , such as Elk Creek, 
contained large amounts of fine sediment. We believe there 
is little prospect that such streams can remove excess 
amounts of fi ne sediment. Because of their low banks and 
the broad va lleys in which they are Situated, the depth 
in the streamS during snow melt runoff seldom reaches 
the cr itical level required to completely cleanse the pools, 
much less remove the armor layer from the riffles so that 
the riffles can be cleansed of fine sediment. Streams such as 
Elk Creek may have always contained larger amounts of 
fine sediment than other streams; it is difficult to deter­
mine whether cattle grazing and li mited road encroachment 
have increased the amount of fine sediment in Elk Creek. 
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Fig. 64 . Relative critical discharges which transport coa rse sand and smaller sediment across riffles, out of poo ls, out of riffles after dislodging 
the armor layer . and out of the substrate armored by large boulders for a given sect ion of stream (A) ; discharges observed in study streams 
relative to critical sediment transporting discharges (B); a ro ugh approximation of the sand and smaUer sediment transport capacity of a given 
stream section relative to discharge (e); a case where the stream has removed all sa nd and smaller sediment from the channel by the peak of 
the hydrograph (D); a case where the stream has not removed all the sand and smaller sediment until after the discharge fell belo w the level 
which dislodged the riffle area armor layer (E); a case where the stream was still transporting sediment after discharge had fallen below the 

.. poo l clearing level (F). 
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