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A study of the temporal and spatial varia bility- of stream gravel bead
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 the bed was conducted in the streams of the Oregon Coast Range.
Streambed samples were obtained by frozen core techniques and the
amount of sediment smaller than 1.0 mm in diameter was expressed as
a percentage by weight of the total sample.

The amount of fine sediment in stream gravel beds was found to
be highly wvariable in time and space. Temporal variability in percent
fines was caused by flushing of fines from the gravel beds during high
streamflown events. This flushing of fine sediment seemed tc occur
random!ly during winter freshets. Seven of 13 total streambed sample
locations on five small streams showed trends of decreasing amounts of
fine sediment during the winter high streamflow sezason.

The percent fines within the stream ked was also found to display
large variation (@) between streams, (o) between locations in the same
stream, and (c) between loccations in the same riffie. Bed samples were
col1ected on 21 watersheds in the Coast Range during the summer of

1978. Thne amount of fine sediment averaged 19.4% and ranged from



10.6% to 29.4%. Comparisons between locations on the same stream
showed bed composition to be highly variable. Approximately 75% of
the bed composition comparisons were significantly different at the 95%
confidence level. One gravel bed was sampled ona 1.2 by l.l2 m grid
design and significant (95% confidence level) Changes in percent fines
were found to exist both perpendicular and para liel to the '.Estr.eafriflo.w> in
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indicated that the amount of fine sediment in the bed is influenced by
the slope, area, relief, and lend use characteristics of.the watershed.
Within a single stream, however, regression analysis indicated that
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These two variables suggest that the intrusion of fines into tne stream
bed is influenced locally by hydraulic conditions within the channel.
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amount of fine sediment in stream gravel beds might be increased by
road ccnstruction and logging operations. However, increases in
levels of bed fines after disturbance should be tempora'ry due to the

flushing of fines with high flows.
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VARIATIONS IN GRAVEL BED COMPOSITION OF SMALL STREAMS
IN THE OREGON COAST RANGE

I. INTRODUCTION

Problem

Fine sediment trapéed within the ilnterstices of cjrév%lbeds is an
importa nt'characteristic of Pacific North;vest streams. The relative
amounts of fine and large sediments exhibit large tempéml and spatial
variability. Understanding the processes and fac_fors that influence
this variation would provide additional insights into the ecology of
small streams and assist in evaluating impacts from land use activities.

In Oregon Coast Range streams, the amount of fine sediment with-
in the gravel bed is an important factor affecting anadromous fish.

Both natural and man~caused erosion introduce sediment into mountain
streams. However, accelerated erosion caused by man may have
severe environmental impacts. Excessive fine sediment in stream
beds reduces invertebrate diversity and populations by?reducing
available living space and reducing their early survival. The inver-
tebrate population in a stream provides one of the.most important

food bases for anadromous fish in their early stages of life. Fins
sediments also reduce these food resources for fish by filling gravel
interstices and promoting unstable substrates for aquatic invertebrates

and periphyton communities (Gibbons and Salo, 1973). The



commercial and recreational benefits derived from anadromous fish
populations make any factor affecting their survival extremely
important.

Fine sediments can also affect the survival-to-emergence ratios
of anadromous fish populations. Fine sediments fill the gravel
{nterstices, reducing intergravel water flow and the ;vailability of
dissolved oxygen to incubkating salmon ova. Toxic metabolites
produced by the ova may not be carried away by reduced intergravel |
flows. Fine sediment may damage the eggs by adhering tg or abrad-
ing the chorion and also act as a physical barrier to the emergence
of alevins {Phillips, 1971). The success of anadromous fish repro-
duction is so critically dependent on the quality of the spawning bed
environment that the U. S. Forest Service has attempted to develop a
machine capable of maneuvering in natural streams and cleaning fine

sediment from the gravel beds {(Mih, 1976).

The Search for a Stream Quality Criterion

There is currently considerable interest by regulatory agencies
in the use of in-channel criteria to judge the reproductive capacity
of a stream for fish and to monitor the effects of land use activities
on the stream environment. Iwamoto et. al. (1976) suggested that
streambed composition might be a useful criterion. The authors
specified that the percentage by weight of particles less than 0.84mm

in diameter should be monitored and that 20% fines in a gravel bed be



set as the maximum allowable level of sedimentation. The authors
noted that the effects of fines on the spawning success of salmonids
have been well documented. Inan Idaho study, Bjornn et. al. (1977)
advocated using the percentage of fine sediments in selected riffle
areas as an index for monitoring the depbsition of sediment in |
streams and for determining when too much deposition has oc;:urred.
If percent fines is to be used as a stream quality criterion, a general
understanding needs to be gained about the inherent variability of the

amount of fine sediment within gravel beds of small streams.

Variability in Percent Fines

Within a given stream, the pércentage of fine sediment in the
gravel tends to show large spatial and temporal variability (Smedley
et. al., 1970). Furthermore, the bed compositions of streams
draining adjacent undisturbed watersheds are ofien quite different.
Therefore it is necessary to understand the magnitude gf natural
variations in streambed composition so that these will not be con-
fused with possible changes in composition due to land use activities
(Sheridan et. al., 1965). A land manager who is knowledgeable of
the factors that influence sediment movement and deposition will
hopefully be able to manage mountain watersheds without drastically

altering the streambed composition.



Objective

The objective of this study is to determine and evaluate the
factors and processes that influence the composition of gravel bed
sediments in Oregon Céast Range streams. Specifically, this study
will address the following questions:

(1) What are the representative levels of fines within a stream
bed? How does percent fines vary with location in a stream ?

(2) Does the composition of the bed change with time ? Is
there a period of a flushing action when the fines are washed out of
tihe gravel? Is the temporal variability of the percentage of fine
sediments controlled primarily by high flows ?

(3) What physical variables account for the composition of bed
sediments ? These variables might include channel geometry, water-
shed characteristics, flow conditions, and other paémeters .

(4). Does land management affect the percentage of fine sedi~-
ments in a stream bed ? Is the percentage of fine sediments in

gravel beds a sensitive measure of the land use in a watershed ?



II. LITERATURE REVIEW

Natural levels of Sediment

Hillslope Processes

Soil erosion in undisturbed watersheds is controlled by several
environmental factors. These factors include the form, amount, and
intensity of rainfall; the orientation, degree, and length of slovpes;
and the condition and drainage density of the channel (Guy, 1964).
Natural geologic erosion, as contrasted with accelera.ted erosion
caused by man, has always been an important process in the mountain~
ous terrain of western Oregon. The erosion process consists of the
detachment, transport, and deposition of soil or rock material by
some moving force (Linsley et. al., 1975). In the Oregon Coast
Range, the components of this moving force consist primarily of water
and gravity.

In mountainous terrain, three major erosional processes deliver
sediment to the channel; these are surface erosion, mass soil move-
ments, and stream bank erosion Anderson, 1971). These processes
vary from one watershed to another in their relative contributions of
sediment to the channel. For the Coast Range, Anderson estimated
that surface, streambank, and mass erosion accounted for 20%, 25%,
and 55%, respectively, of the sediment delivered to the stream

channel.



landslides serve to deliver large amounts of soil and rock
material to the stream (Swanson and Swanston, 1977). Mass soil
movements are a natural, if infrequent, occurrence in the geological-
ly young mountainous terrain of the western United States. These
_1n'put,§ of sediment into the channel may have ah important effect on
the-_'éravela compositioh of the stream bed.

Since sediment is transported in a downstream direction, there
must be a means by which sediment is continually supplied to the
stream channel. Overland flow and its associated surface erosion
are rare in forested areas in humid climates, so this process may be
ruled out as a major sediment input to the channel for undisturbed
watersheds (ﬁewlett and Nutter, 1969). Infrequent soil mass move-
ments supply large pulses of sediment to the channel which may be
stored in banks, behind debris jams, or in alluvial fans (Ketcheson
and Froehlich, 1977). This sediment may become available for
transport during high flows. Another process which may account for
continual inputs of sediment into the channel is soil creep. Creep
is the slow continuous downslope movement of mantle material due
to gravitational stresses and is an important erosional process on
the steep slopes of the Coast Range (Swanston, 1971). If a stream
is draining a steeply incised valley, which is common in Coast
Range watersheds, soil creep may represent a direct input on sedi-
ment into the channel. Swanson and Swanston (1977) estimated that

soil creep may represent an annual input of 64 t of material per km of

stream length in the Cascade Range of Cregon.



Channel Processes

Once sediment is in a stream, several processes serve to trans-
port, rework, and redeposit it. Sediment trans bort in streams may
occur as eithér su;;pendgd load or bedload. Suspended load consists
s ~o_f é_he' :bax.'ticlers émall enough to be entrained within the flow by its
~turb_'u'ient- action; The suspended load tends to be uniformly distri-
butéd with depth in the flow. In contrast, the bedload component
consists of particles too large to be continually suspended in the
flow and are moved on or near the bed by sliding, rolling, or saltating
along the bottom of the stream (Iwamoto et. al., 1976). In the small
streams of the Oregon Coast Range, bedload movement is an important
process only during high flows.

Sediment supplied to the channel by hillslope processes may be
stored in the channel bed and banks or behind debris barriers. How-
ever, this sediment is often available for transport during higch flows.
In weste'rn Oregon, the primary rain events typically occur from
November through February and produce periods of higﬁ flow. In the
Oregon Cascades, Rothacher et. al. (1967) noted that the sediment
concentration in samples t2ken at similar streamflows was greater in
the early fall than during mid-winter storms. This phenomenon is
probably due to a flushing of the sediment during the first few storms
of the rainy season.

The stream bed and banks are the primary sources of sediment



transported during high flows (Brown, 1976). Brown noted that many
random events occur in a stream during high discharges to supply
sediment to the flbw. These events inclﬁde trees tipping into the
_ sf:ream and diverting the 'flow into banks, bank caving due to under-
,.écutting, a?nd._ th.__e__br';e'a'king up'_ng>armo.r layer_s on the stream bed with
the exposur:e of .the fine sed.ifnents beneath. In small turbulent
streams, sediment supply and transport processes may be very complex.
The Alsea Watershed _Study was a comprehensive investigation of
the effeéts of logging on the aquatic resources of three small sireams
in the Oregon Coast Range (Mor_iﬁg, 1975a). Before two of the experi-
mental watersheds were treated, a seven vear calibration period was
used to characterize the natural rates of sediment yield for undisturbed
watersheds. The suspended sediment concentration was highly de-
pendent on flow and 98% of the annual sediment load was discharged
during the winter months of November through March (Earris and
Williamé, 1971). The average annual pre~treatment sediment yields
for Needle, Deer, and Flvnn creeks were 53, 97, and 102 t km-2 y-l,
respectively (Beschta, 1978a). Thus, erosion and sed.imentation

represent important natural processes in undisturbed watersheds of

the Oregon Coast Range.

Natural Levels of Intergravel Fines

Compared with other locations in the Pacific Northwest, the

streams of the Coast Range tend to have unusually large amounts of



fines in their beds. Fine sediments are generally considered to be
less than about one or two mm in diameter. Moring and Lantz (1974)
attributed these high lev'el.s of fines to the underlying geology of the
area. The Coast Range is largely composed of the Tyee formation,
which conéi:;e,ts of rythmically_»‘__;;edded -laye}s of.:s',andstone grading
towards sliltstone at t-l:1e"t'oé:_§f the layer (Ba ldwin, 1964) . This rock
is relativezly noncohesive ahd weathers rapidly to sand and silt sized
particles. Bedload transbort and weathering of these sandstone rocks
are sufficient to bre_ék them down into the smaller fractions over a
relatively short period of time.

Major topographic peaks in the Coast f{ange c'onsist of intrusions
of basaltic sills and dikes (Baldwin, 1964). This basaltic material
weathers much more slowly than the sandstone and can nave a large
effect on the composition of stream beds. Therefore, it is not uncom-
mon to find entirelyldifferent bed compositions in streams draining the
higher peaks than those draining the other areas of the Coast Range.
The portion of the Coast Range affected by the basa ltic? intrusions is
relatively small, however, so most streams tend to have large amounts
of fines in the gravel.

Beschta and Jackson (1978) indicated that climate, soils, parent
materials, watershed characteristics, and land use activities can
influence the particle size distribution of the bed materials in a stream.
Furthermore, conditions within the channel can also affect the compo~

sition of gravel beds. These factors might include the bed composition
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during formation, the intrusion of fines into the bed once it's stable,
and the net flushing of fine material during subsequent bed disturbances.

The composition of stream grav;el. beds displays large amounts of
variability. For example, Tagart (1975) reported that the composition
' of spawning gravels was heterogenous 1n space but sta ble w1th time in
the Olympic Pemnsula of Washmgton. Wendlmg (1978) reported that
natural variations in percent fines in the gravel might have been large
enough to mask measurable changed in bed composition of streams in-

fluenced by the construction of the trans-Alaska pipeline. This
natural variation is an important consideration in any study designed
to monitor the composition of the gravel bed. |

Renard (1974) found large variations in gravel bed composition
between locations within @ channel. He also noted that there was ap-
preciable variation across individual cross sections in the same
stream. Spatial variations in bed composition within a stream are
largely due to local changes in water flow and sediment transport
conditions. The intrusion of fines into a gravel substr?ate is controlled
to a large degree by the flow conditions over the gravel bed (Beschta
and Jackson, 1977). It is logical to assume then; that the amount of
fines and the composition of the gravel bed will vary as the flow con-
ditions vary along the length and width of the stream. Flow conditions
will also influence the deposition and particle size distribution of the

gravel substrate, even before fine sediments fill the interstices.
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Gravel bed composition is variable with time (Smedley, et. al.,
1970). These variations are largely due to the intensity, duration,
and frequency of occurrence of storms (Shirazi,. l_970). Storm gene-
rated runoff affects the scour and fill of gravel and the intrusion and
flushing of fine sediments from t1;1e' _gravel su{bstra'te .(l_:3ie$chta' an_c}z
Iackson,. 1978).

The gravel beds in Coast Ra:nge streams maké pfoductive spawn-
ing sites for anadromous fish despite naturally High levels of fine
sediments. When spawning, the female saAlmon or trout digs a hole
(redd) and cleans the gravel of fine sediments and organi;: matter be-
fore depositing the eggs (Sheridan and McNeil, 1968). After the eggs
are deposited, the female covers them with gravel. This redd digging
activity and the removal of fine sediments significantly improves the
intergravel environment for the incubating eggs (Ringler and Hall,
1975). Greater permeabilities and the altered surface of the gravel
bed provides improved conditions for intergravel water flow.

Once the eggs have been buried, however, the spawners have
no control over the subsequent sedimentation of the redd and fine
sediments deposited in the redd after this point ir; time may adversely
affect the survival of the eggs and alevins. Ringler (1970) collected
numerous bed samples from redds in Deer Creek and Needle Branch,
two of the streams studied in the Alsea Watershed Study. He sampled
redds dug the current year and the year before, designating them as

cwurent and former redds, respectively. He found that the former redds
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contained an average of 29.6% more fine sediment than the current
redds. This increased amount of sediment was attributed to the extra
year of sedimentation that the former redds had been subjeéted to.
Since this .type of sedimentation can occur, the suspended sedime.nt
concentration of the wéter flowing over spawﬁing redds f{lay b_e _arzl_'i.r'n-

portant factor affecting egg survival (Cordone and Kelley, 1961).

Effects of land Use Activities on Sediment Production

In mountainous regions, forest harvesting activities (road con-
struction, timber felling, yarding, and slash burning) can have a
major impact on site erosion and accelerated delivery of sediment to
the stream channel (Swanston, 1976). Logging roads are usually the
greatest source qf man caused sediments (Gibbons and Salo, 1973).
Howe\}er, since road construction is an integral part of forest harvest-
ing activities, separating it from logging as a separate cause of
sediment production seems pointless, except for the fact that improved
road design, construction, and maintenance techniques offer us our
best hopes for reducing erosion and sedimentation related to this
management activity. Studies assessing the impacts of forest har-
vesting activities on erosion and sedimentation will be reviewed in

the following paragraphs.

Forest Harvesting

Logging and its associated ground disturbance may increase



oS

13
surface erosion of soils. Bethlahmy (12:7) investigated the effect of
logging on runoff and erosion in Utah. <Tsing simulated rainfall, he
found that logging was related to increzsed erosion only on southwest
facing slopes. The different responses of the different aspects to
logging was attributed to the different moisture and plant ;’elationships
on these slopes. |

In western Cregon, felling and cazle yarding of trees alone rarely
causes increases in erosion and sedimentation. Soil disturbance and
compaction are usually slight if care is taken to sus pend the front.end
of the log during high lead yarding (Brown, 1972). In the Oregon Cas-
cades, Fredriksen (1970) noted that logcing alone had little affect cn
erosion and sedimentation. Slash burning, however, increased sedi-
ment yields 67 and 28 times above normal levels for the first and
second years after burning, respectively. This increase was attributed
to the destruction of soil stabilizing plant and root systems and the
formation of impermeable layers within the soil. Nonwetable scil
conditions may result from extremely hot burns.

The Alsea Watershed Study repres=nts one of the most compreahen~
sive efforts ever undertaken to document the effeclts of logging on
erosion and sedimentation. Three small headwater drainages in the
Alsea river basin were chosen for stucdy, and sireamflow and sediment
transport were monitored for several years prior to treatment (Harris,
1973). Needle Branch was almost einti:ely clearcut, Deer Creek was

25% clearcut in patches, and Flynn Creek was left as an undisturbed
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control. Deer Creek and Needle Branch both had increased sediment
loads following road construction, clearcutting, and slash burning.
Sediment production was drastically altered in the clearcut watershed.
Sediment production was doubled after road construction and tripled
after clearcutting and burning (Brown and Krygier, 1971). Most of th'e;-
increased sediment production was blamed on the high intensity sla:sh
fire following harvesting (Brown, 1971). The fire exposed mineral soil
and may have promoted nonwetable soil conditions.

Timber harvesting activity may also increase erosion by land-
slides. Bishop and Stevens (1964) estimated that logging on steep
gla'cial till soils in Alaska increased erosion by landslides by 4.5 times
or greater. The increase in landslide activity was attributed to deter-
ioration of soil stabilizing root systems and increased pore water
pressures in the soil due to decreased evapotranspiration.

Ketcheson and Froehlich (1977) conducted a field inventory of
non-road rzlated mass movements on clearcut and undisturbed areas
in the Oregon Coast Range. They found that on the average, mass
failures were 3.2 times larger and traveled 1.7 times farther in clear-
cuts than in undisturbed areas. There was a genefal increase in
landslide erosion rates with logging of 3.5 times normal for six years
after cutting. Channel impacts and damages to aquatic ecosystems
were also considered in this study. The average travel distance of
debris torrents was 1.8 times farther in clearcuts than in undisturbed

watershads. These channel scour events have a drastic effect on the
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channel when the stream is scoured to bedrock. Sediment and debris
is stored in debris jams or alluvial fans and may be further reworked
during subsequent high flows.

Swanston and Swanson (1976) estimated that clearcutting accele-
rated debris avalanche eroéion by a factor of two to four times in the
humid regions of the Pacific Northwest. These numbers agree fairly
closely with other estimates of the effects of logging on landslide

erosion.
Fo Roads

The construction of forest roads has the most drastic impact of
any forest harvesting activity on a watershed in mountainous terrain.
Roads are a permanent slope modification and they affect erosion and
sedimentation on a watershed through their initial construction and the
occurrence of mass wasting events distributed over at least a few
decades (Froehlich, 1976). Road construction undercuts the toes of
slumps and earthflows, deposits unstable fill material on steep slopes,
and modifies the drainage system, concentrating water and adding it
to unstable areas.

The relative contributions of roading and logging activities to
increased erosion and sedimentation are often diffi;:ult to separate.
Anderson (1971) estimated that of the total increase in suspended sedi-
ment in streams draining logged watersheds, 80% of the increase was
associated with logging. He attributed increases in sedimentation to

poor logging techniques and low standard roads.
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In the Oregon Cascades, drastic changes in suspended sedi-
ment concentrations following road cénstruction were documented by
Fredriksen (1965). During the first storms after road construction,
the stream draining a roaded watershed carried 250 times the sedi-
-_-_r:nent .cbnéentration .of that of an adjacent undisturbed watershed.
-This increased sedimentation was attributed to the considerable areas
of raw soil that were exposed during road construction. Within two
years sediment levels had returned to normal on the roaded watershed.
In a later paper, Fredriksen (1970) reported that landslides adjacent
to roads accounted for 93% of the volume of soil moved by landslides
in the pat-ch cut watershed. These landslides created three new types
of sediment s-ources; they exposed soil on landslide scars, regraded
stream channels, and exposed soil along the stream bank.

Swanson and Dyrness (1975) estimated that eight percent of a
watershed in roads and 92% of the area in clearcut contributed a bout
equally to the total impact of management activity on erosion by
landslides. Clearly, improved road standards and mai.ntenance tecn-
niques offer one of the best alternatives for reducing impacts of land
use on erosion and sedimentation. The interactiohs and relative
contributions of roads and logging on sedimentation are important
factors affecting the composition of stream keds.

During the Alsea Watershed Study, lantz (1971) reported that
road construction was the major cause of increased stream sediment

levels following logging. These increases were attributed to headwall
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failures, landslides from sidecast materials, and increased erosion
along road beds due to the interception and disturbance of natural
drainage patterns.

In.the Idaho Batholith, Megahan and Kidd (1972) reported that
_a:.?dense -néty&ork ___of roads associated with jammer logging increased
-._fhe rate of ér'ésion to 750- times that of the undisturbed rate, whereas
logging caused only a 0.6 times increase. Jammer skidding on steep
slopes requires a very dense road network, which may disturb up to
30% of the area. Road construction in the jammer unit produced sig-
nificant sheet and gully erosion and landslide activity during large
storrﬁs. Megéhan and Kidd (1972) further indicate that most of the
road failures resulted from improper location or construction practices
such as lack of fill compaction. They concluded that some type of
skyline logging system would be preferable to jammer logging because
of its reduced road density requirements.

Swanston (1971) ranked road building well above fire and logging
in relation to their influence on mass movement proces.‘ses . He notad
that sidecast material overloads the surface below the road and
creates saturated conditions above fills. Road back slope cuts re-
move support for the slopes above the road. These conditions tend
to decrease shear strength and increase shear stress in the soil,
increasing the chances for failure.

Although forest removal reduces rooting strength and alters the
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hydrologic regime of the soil, road construction has a much greater
influence on mass movements because of several factors that tend to
disrupt the balance between the downward stress of gravity and the
resistance of the soil to failure. Roads disturb marginally stable
sloégesiarid alter subsurféc_:e and s-urfabc,e water movement. Common
proble;mvs include constfuction on marginally stable slopes, poor con-
struction énd placement of fills on steep slopes, and improper
drainage design. Swanston and Swanson (1976) reported that roads
acc-:elerated debris avalanche erosion 25 to 30 times above background
levels and further noted that road location {midslope or ridge tog)
made a difference in the magnitud-e of this increase. They found that
roads on the H. J. Andrews Experimental Forest continued to be active
sites for debris avalanche erosion 16 years after construction or at
least twice the duration of the impact of clearcutting.

Swanston and Swanson (1976, p. 212) stated "When roads and
clearcutting impacts are weighted by the area influenced by each
activity, the two types of forest engineering activities ccntribute
about equally to the total level of accelerated debris avalanche ero-
sion." Clearly there is need to reduce surface and mass erosion
from roads. Principal erosion control methods include identification
and characterization of unstable ground, avoidance of disturbances
damaging to slcpe stability, and the reduction of landslids incidence

after disturbance (Swanston, 1974). Methods for controlling erosion
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from logging alone include the careful selection of a silvicultural
system, logging method, and proper level of management (Swanston,
1976).

Research studieé have generally shown that the initially high
sedirﬁént levels calused by road corr_lsf'truct__iOn and logging evéntually
recc;vef to pre—tr'éa'ér'ne:ht_ l-ev.els. In-a’nilsitudy on road fill erosion in
Idahé, Megahan (1974) repérted that rates of erosion increased rapid-
ly just after the disturbance and then decreased over time. He
attributed this decrease in erosion rates to the formation of an erosion
pavement of larger particles after the smaller ones had been eroded
away and to the recovery of \)egetation.

Brown (1971) and Beschta (1978a) reported that increased sedi-
ment yields in the Alsea watersheds approached pre-treatment levels
six to eight years after cutting and burning. The recovery of vegeta=-
tion on @ watershed, and the fact that most road related failures tend
to occur during the first few big storms, should allow sediment levels
on most disturbed watersheds to return to normal level_;, before ten

years pass.
Bed Processes

Intrusjon of Fine Sediment

If water flowing over or through a clean gravel bed carries sus-

pended or bedload sediments, these particles will tend to fill the
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interstices between the gravels. Water velocities need not be low
for intrusion to occur.

Cooper (1965) noted that a sediment particle smaller than that
having a sufficient settling velocity to deposit out of a turbulent
flow may still be»d;i-.:‘posited in t_he-_gr_ay?el if it ént_érs tl;é laminar
sublayer of the :e,tream bed. In fhi-%:,section of t’h-e" flow, its séttling
velocity will be s;ufficient for it to!be deposited within the bed.
Intergravel flows of water usually have very slow velocities which
will allow almost any sediment particle time to settle out of the flow.
Cooper noted that gravel beds with high permeabilities are especially
susceptible to fines being deposited becaruse they ‘allow lérge volumes
of sediment laden water to flow through them. The author stressed
the importance of maintaining very low suspended sediment concen-
trations in water flowing over gravel beds in order to minimize the
sedimentation of the bed.

The suspended sediment load and the smaller particles trans-
ported as bedload are the sources of fine sediments de’lposited in the
gravel. Iwamoto et. al. (1976) reported that the intergravel flow of
water is slow enough to allow for deposition of siit within the gravel
although rates of flow at the surface exceed those allowing for depo-
sition. Thus, the intrusion process may occuw at almost any stream
discharge as long as there is a stable gravel bed and a supply of

fine sediment in the flow.
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Miner (1968) conducted a study of suspended sediment concen-
trations in a stream with a point source of sediment input from a road
construction operation. The study was carried oﬁt on a stream
draining the Bull Run experimgntal watershed in thq Oregon Cascades.
He notéd that there was a tep—fdld reduct;:ion il%l__tdté 1' sus perid_éd solids
within a 320 meter long sectign of stream. | He attributed tHis reduc-
tion in sediment to dilution by streamflow and a settling of the larger
particles into the stable stream bed.

Several studies have been carried out that attempted to quantify
the intrusion of fine sediment into gravel beds and describe the pro-
cesses involved. One of the first such studies was carried out by
H. A. Einstein (1968). The author used an artificial gravel bed in an
experimental flume to quantify the intrusion process. He noted that
the coarser sediment particles settled out first, filling the gravel
from the bottom up. The bed surface always remained clean. Although
water flow velocity was insignificant in predicting the deposition of
fines in the gravel, the depth of water and the settling?velocity of
the grains were very important factors. The rate at which each par-
ticle size settled out was proportional to the locai sediment concen-
tration. In summary, Einstein found that the intrusion of fine sediments
was controlled by the particle size of the sediment, its concentration,
and the depth of water. In another series of flume studies, Cooper
(1965) found that the factors that controlled the deposition of suspended

sediment within gravel beds were the intergravel flow rates, the amount
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of fines in transport, the characteristics of the gravel, and the sur-
face configuration of the stream bed.

Garvin (1974) conducted a study on the intrusion of o_rgahic
sediments into an artificial gravel bed in a flume fed by a diverted
stream. Organic debris was placed in the: g.pper reaches of th.eif_Iume
arid the intrusion of organic material wa s: measured mthe l.q'wer
reaches of the flume after a given period o:f flow. The variables
which influenced the intrusion of organic sediment were fhe horizon -
t21 and vertical position within the gravel bed, the size of the organic
debris, the time allowed for intrusion to occur, the pore volume
within the gravel bed, and the flow characteristics.

Beschta and Jackson (1977) conducted a flume study on the in-
trusion of fine sediment into a gravel bedded channel. The initial
deposition of fines was found to be a function of the settling velocity
of the sediment and hydraulic conditions of streamflow. The continued
intrusion of sediment was a function of the filtering effectiveness of
the gravels, streambed composition, and the size andj gradation of
the transported sediments. The authors reported that sedimentation
was affected by the Froude number of the flow and. increased with the
rate of sediment input. Particle size and gradation of the sediment
significantly affected the intrusion process. Finer sands led to sig-
nificantly higher intrusion rates. Larger sands tended to seal the

surface pores and prohibit the further intrusion of sediment as long



23
as the surface of the bed was stable. The smaller sands tended to
.ﬁll the pores from the bottom up and needed only to be transported
py the flow to intrude into the bed. Beschta and Jackson (1978) also |
reported that the particle size and the rate of sediment transport were
the most important factors affet:ting intrusion, and théf,.due to the
processes involved, intrusion may be selective towa;.rds the sma 11er

sediment particles.

Flushing of Fine Sediment

During large runoff events, the stream energy is sufficient to
disturb the armor layer and set bed material in motion. The armor
layer is the layer of rocks or gravels on the very surface of the stream
bed. Klingeman (1971) suggested that the breakup of the streambed
armor layer and the subsequent movement of the bed underneath is the
dominant process supplying fine sediments to the flow during high
discharges. Milhous (1973) reported that the armor layer may be the
single most important factor controlling the availabilit.}" of streambed
sediment to the flow. Apparently, the armor layer contlrols the avail-
ability of sediment by preventing fine material frofn the bed from being
entrained in the flow unless the armor particles are first moved.

Following a storm hydrograph peak, the bed reforms and, de-
pending on the amount of intrusion of fines on the fallimj limb, may

be relatively clean of fine sediment. With the exception of the redd
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digging activities of spawning anadromous fish, this flushing effect
of high flows is the or;ly way a gravel bed can be naturally cleaned
of fine sediment. Since intergravel flow velocities are too low to
allow fines to be entrained in the flow, the stream bed must be set
in motion before this flushing can occur (Beschta and Jackson, lé'/‘eé).

Although several studies have noted this flushing affect of!high
"flows, few have documented thé processes involved. For example,
McNeil and Ahnell (1964) reported that high streamflows during flood=-
ing periods removed large amounts of silt from salmon spawning beds
inAlaska. Gravel bed sample plots used as controls inanAlaskan
. study were reported to have decreased in fine sediment content as a
result of 2 small freshet (Shapley and Bishop, 1965). Saunders and
Smith (1965) reported drastic increases in streambed siltation due to
erosion from road construction and cultivated areas on Prince Edward
Island, Alaska. However,heavy freshets during the winter of 1959-60
were reported to have cleaned away most of the silt. Similarly,
Sheridan and McNeil (1968) reported that increased IeQels of stream-
bed fine sediment attributable to road constructiop and landslides
were temporary since they tended to be flushed from the system by
spawning salmon and the first few floods.

In another Alaskan study, an artificial stream channel was con-
structed next to @ natural stream channel. The artificial channel was

filled with gravel and a portion of the natural streamflow was diverted
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through it for a long period of time. The artificial channel was not
subject to the storm flows that the natural channel experienced. The
gravel in the artificial channel accumulated ten times more fine sedi-
ment than the gravel in the adjacent natural stream channel. This

v pheﬁomenon was thought to be due to the fact that the high flow
events and gravel flushing did not occur in the artificial channel
(Meehan and Swanston, 1977).

If high inputs of fine sédiment into a stream are reduced, the
natural flushing of fines by high flows should be sufficient to flush
most of the excess fines from the stream system. Platts and Megahan
(‘1975) reported that the relative amount of fine sediment in the South
Fork Salmon River in Idaho decreased over a number of years after a
moratorium on logging and road construction was declared on the
watershed. They stressed the fact that effective flushing of sediments
can only occur when sediment inputs into the channel are not greater
than that which the stream can handle. If inputs are greater than this
amount, sediment will accumulate in the channel. |

Apparently, bed particle movement is initiated by bursts of tur-
bulent flow that penetrate the boundary layer at tﬁe bottom of the
stream (Sutherland, 1967). The magnitude of these bursts may be

' dampened by high levels of suspended sediments. Yalin and Finlay-
son (1972) reported that increased levels of suspended sediments

reduced the amplitude of turbulent fluctuations in the flow. If
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jncreased levels of sediment dampen the turbulent fluctuations in a
flow, they reduce the chances for.the initiation of bed movement and
subsequent flushing of fines. Stated in another manner, if stream
sediment levels are increased, more energy is used in transporting
thém, and less Vis available to move the bed and flush the fines
(Beschta and Jackson, 1978). So, increased levels of suspended
sediments within a stream have two deleterious effects on the compo-
sition of the gravel bed. They increase the deposition .of fines in the

bed and reduce the chances for flushing of fines from the gravel.

Progression of Events During a Freshet

Beschta and Jackson (1978) outlined the entire process of scour
and fill of gravel beds as it might progress through a normal high flow
event. During low discharges, fines in transport will intrude into any
available pore space in the gravel bed. As the discharge increases
and reaches a critical value for the breakup of the armor layer and
initiation of bedload movement, the gravel beds are scoured and the
intergravel fines are entrained in the flow. After the hydrograph
peaks, the armor layer reforms and the bed becomes relatively stable.
For the remainder of the falling limb, the intrusion of fine sediment
into the gravel interstices will be the primary process affecting the

composition of the bed. This account of sediment transport and

storage processes is consistent with observations of trends in
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suspended sediment concentrations during storm events. Walling
(1977) noted that suspended sediment concentrations are usually

much higher at identical discharges during the rising limb than on

" the falling limb of the hydrograph. Presumably, this i'esponse pat-

tern is partially due to the release of fines with bed movement and

the filtering of fines back into the gravel bed after it reforms.

Influence of Land Use on Gravel Composition

Forest Harvesting and Road Construction

Numerous studies have shown that logging and road construction
in mountainous terrain generally increase the availability of sediment
to a stream (Fredriksen, 1965; 1970; Anderson, 1971; Brown, 1971;
1972; 1976; Brown and Krygier, 1971; Moring and lantz, 1974; Moring,
1975a). It would then seem logical to assume that logging and road
construction would generally increase the amount of fine sediment
within the stream bed. Several studies have been conducted to test
this hypothesis, with variable results.

In a spawning bed sedimentation study in California, Burns
(1970) reported that the composition of the spawning bed changed
roughly in proportion to the amount of direct stream bank disturbance.
Several streams were located on drainages scheduled for logging.

Bed sediment samples were taken during the low streamflow period

the year before, during, and after road construction and logging.
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Logging alone had little affect on the bed composition. Road con-
struction and bulldozer operations in or near the stream, however,
causéd significant increases in fine sediment in the bed. Logging

and road construction increased the percentage (by weight) of sedi-

' merits less than 0.84 mm from 10.2% to 13.2% on Bummer lake Creek,

. from 20.0% to 33.3% on Little Fork Noyo River, from 16.4% to 22.1%

on Yager Creek, and from 20.6% to 34.2% on the south fork of Casper

Creék (Burns, 1972). Flushing of fines by high flows returned fine

_sediment contents of the beds to pre~treatment levels within two

years after disturbance. The author noted that prolonged disturbances
tended to prolong- sedimentation.

Moring and lantz (1974) conducted a study of changes in gravel
bed composition associated with the logging of several streams in the
Oregon Coast Range. They reported that fine sediment less than
3.33 mm in diameter increased following logging without buffer strips
on three of four clearcut watersheds. Only one of four streams with
buffer strips exhibited an increase in fines. The authofrs concluded
that buffer strips probably played an important role in pfeventing
streambed and bank erosion. '

Platts and Megahan (1975) reported that intensive management
on the South Fork Salmon River in Idaho drastically altered the size
composition of the gravel bed. By 1965, 15% of the 3300 km? water-

shed had been logged and 0.30 km/‘km2 of road had been constructed.
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Severe storms during the winters of 1962 through 1965 increased
erosion and suspended sediment loads to levels 350% greater than
inllgso before road construction and logging had gotten underway.
There was excessive sedimentation and spawning redds were buried
:iun,der' th'i:c:k'blanket_s: of sand. In 1965 the Forest Service declared a
-m:or-at‘c:)riL-lm.on roading and logging and started a watershed rehabili-
tation-'t program. Continued sediment inputs into the river were checked.
Aftér flushing by high flows, the relative amount of fine sediment in
the stream bed decreased and the percentages of gravel and rubble
increased.

In the Alsea Watershed étudy, there was an increase in the fine
sediment content of redds in Needle Branch and Deer Creek after
logging (Ringler, 1970). _Sedimentation of the gravel beds in Needle
Branch severely reduced the porosity of the bed and the exchange be-
tween surface and intergravel water (Brown, 1972). The percentage of
fine sediment (by volume) less than 3.33 mm in dlameter increased
from 40.5% to 44.8% on Needle Branch and from 32.7%7to 40.4% on
Deer Creek. Percent fines less than 0.84 mm increased from 26.5%
to 32.2% on Needle Branch and from 23.3% to 29. i% on Deer Creek.
However, due to a scarcity of pre-treatment samples, only one of
the increases was statistically significant. The increase in percent
fines less than 3.33 mm in Deer Creek was significant at the 95%

confidence level (Moring, 1975a).
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Influence of Mass Soil Movements

Mass soil movements that reach the stream channel can influ-
ence the composition of the bed material. Landslides and creep are

a ,'hajor process by which the-grj&vel s_ubs_trate is naturally supplied

;'t:'c'a'the stream. However, most mass soil movements influenced by

‘logging and road _éénstruction tend to be shallow slides consisting of
mostly soil mat,erial (Swanston, 1971). These slides may adversely
affect the amount of fine sediment in stream gravel beds.

| In a study of landslide siltation of salmon and trout spawning
grounds in the Olympic Peninsula. of Washington, Cederholm and
Lestelle (1974) reported that spawning areas affected by landslides
had significantly (95% confidence level) higher levels of fine sedi--
ment than unaffected areas. Intergravel sediment monitors were placed
in the gravel beds above and below the influence of the slides. Moni-
tors downstream from the slides accumulated an average of 248 g of
fine sediment whereas the upstream monitors accumula;ed an average
of only 90 g. Obviously, landslides which introduce p.redominately
fine material to the stream channel can temporarily degrade the quali-

ty of the bed.

Effects of Gravel Composition on Aquatic Resources

Cravel bed composition is a very important factor affecting

anadromous fish populations. The composition of the spawning bed
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jnfluences spawning activities, survival and emergence of alevins,
habitat, and the benthic populations upon which fish feed. In all of
these affects, increases in fine sediment appear to have deleterious
effects on fish populations. Even moderate amounts of deposition
may be detr:-lm.c_ental (Cofdo_ne'anq ?K_élley, 1_9__:61). .:I-:‘.xtensive literature
reviews on-= the subject ::f t-he; -effec;ts of sed-iment on fish are avail-

able (Gibbons and Salo, 1973; Iwamoto et. al., 1978).

Fish Reproduction

The fisheries of the Pacific Northwest support eight species of
anadromous fish, all of which are important from botﬁ a commercial
and recreational standpoint. These include five species of salmon,
two species of trout, and one species of char. The bulk of the natural
reproductién of these species occurs in the headwater and small tribu-
tary streams of coastal rivers (Koski, 1972). After journeying from the
ocean to upstream spawning areas, adult salmon deposit fertilized
eggs in the streambed gravel. These fish generally spa:1wn during the
months of November through January and the eggs incubate in the gravel
for approximately two months. After hatching, thé alevins spend about
two more months in the intergravel environment before emerging as fry
in March through May. With the exception of resident cutthroat trout,
the juvenile fish spend up to two years in the freshwater stream be-
fore migrating to the Ocean (Anon.. , 1978). The resident cutthroat

make the stream their permanent home.
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It is during the intergravel stages of life that the fish may be
most susceptible to damages from high levels of fine sediments.

The embryos and alevins require cleah gravél 1.0to 10.0 cm in dia-
meter with high permeabilities to allow for good flow of intergravel
water and freedom of movement (Koski, 1972)

Gravel beds are often harsh e-nviroo_.ment's for aléirios and incu-
pating salmon ova. Hioh levels of fine .sediments may damage the
ova by adhering to or abrading the choﬁon of the incubating salmon
eggs. (Gibbons and Salo, 1973). ‘Natu.ral mor tality of eggs deposited
in gravel beds sometimes exceeds 75% (McNeil, 1966). Since the
intergravel stages of life of these fish represent a critical pha so of
their life cycle, special efforts may be necessary to avoid degreda-
tion of the quality of the bed.

Alevins and incubating salmon ova require certain levels of dis-
solved oxygen in the intergravel water for adequate survival and
growth. Estimates of the minimum level of dissolved oxygen neces-
sary for normal survival and growth range from 6 to 11 ;ng/l (Phillips
and Campbell, 1961; Ringler, 1970; Phillips, 1971). There are inter-
actions between dissolved oxygen and other environmental factors,
so minimum requirements will vary between different redds. How-
ever, it has been noted that eggs and alevins incubated at lower
dissolved oxygen levels generally have lower survival, emerge later,

and are generally smaller and less able to compete with other fish
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than those raised at higher levels of dissolved oxygen (Phillips,
1965) . Intergravel flows must be sufficient to remove the toxic
meta bolites produced by the eggs (Iwamoto et. al., 1976). Since
-high intergravel flow velocities are xfequired for adequat_e survival to
emergence, -the processes controlliﬁg intergraYe} row'a}é impbrta~_r:1t
in egg and alevin survival. o

Sheridan (1962) reported thatrthe primary sourée of intergravel
dissolved oxygenwas the surface water of the stréam. He noted that
there was interchange of flowing stream watér with the water in the
gravel of the stream bed. He demonstrated dynamic interchange of
water both ways by tracing water movement with dyes. Gravel beds
influenced by ground water were apparently harmful to incubating
salmon eggs due to extremely low dissolved oxygen content of ground
waters. The author indicated that siltation of the stream bed might
lower gravel permeability and interfere with the exchange process.

Vaux (1962) reported that the factors controlling interchange of
stream and intergravel water were the stream gradient,? stream surface
profile, bed permeability, bed dimensions, and the imiegularity of the
stream bed surface. He further illustrated that a éonvex water surface
profile lead to a downdraft of water into the stream bed, and a concave
surface profile caused an upwelling of intergravel water. The extent
of interchange was governed by variations in gravel permeability re-

sulting from siltation, gravel compaction, organic matter content,
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and gravel bed shift. The direction of interchange was found to be
dependent on the stream surface profile and the bed surface configu-
ration.

Duriné the Alsea Watershed Study, lantz _(1971) detected a lqng
term decrease in interéravel dissolved oxygen-i_’evels aftéﬁr the }oggihg
of Needle Branch. He attributed this reduction to several factor‘s .
Increased water temperatures, due to the removal of streamsidé vege-
tation, lowered the saturation levels of dissolved oxygen in the stream.
large amounts of organic debris were introduced to the étream during
logging. The additional organics in the surface waters and those
deposited in the gravel bed had large biochemical oxygen demands
and greatly reduced the oxygen content of the water. Even after sur-
face waters recovered in dissolved oxygen content, the increased
sedimentation of the gravel bed reduced permeabilities and restricted
exchange of water between the stream and the bed and was a major
factor contributing to the long term depression of intergravel dissolved
oxygen levels (Hall and Lantz, 1969; Brown, 1972). Iré1tergravel dis-
solved oxygen levels remained depressed for six years.after logging
(Moring, 1975a).

In a study conducted on Needle Branch, Coble (1961) found a
positive correlation between the embryonic survival of steelhead
trout and the velocity of the intergravel water. He attributed this
relationship to the fact that higher intergravel flows were more effi-

cient in supplying dissolved oxygen and removing toxic metabolites.
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The survival of the eggs was also directly related to the dissolved
oxygen content of the intergravel water. The author considered the
dissolved oxygen content of the water flowing through the redd to be
the most important factor affecting survival.

Cooper (1965) reported that the apparent velocity of 1;xﬁtergravel
flow was drastically reduced by the deposition of sedimént Vin a strez;m '
bed. In a series of flume studies, he noted that gravel pérmeability
decreased in proportion to the rate of silt deposition and that finer
sediments were more effective than coarser sediments in reducing
flow through gravel. He also noted that gravel beds with high per-
meabilities were especially susceptible to the deposition of fine
sediment.

In southeast Alaska, McNeil and Ahnell (1964) reported that the
potential of a gravel bed to produce fry was directly related to its per-
meability. Permeability was found to be inversely related to the amount
of fine sediment in the gravel. Permeability of streambed samples was
measured with a constant head permeameter and a stron.'g inverse rela-
tionship was found between the coefficient of permeabi-'lity and the
percentage (by volume) of sediments passing the 0-.84 mm sieve. They
noted that, in general, the most productive spawning streams had
lower levels of fine sediments. The size composition of bottom
materials influenced water quality in the bed by affecting rates of
flow within the gravel and the exchange between intergravel and

stream water.
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Another detrimental effect of fine sediments is that they restrict
movement of alevins and may even effectively entomb them in the
gravel Iwamoto et. al., 1976). The interactions between this en-
trapping phenomenon and the reductions in intergravel dissolved
oxygen have serious implications concerning the survival and emer-
gence of alevins.

Phillips (1965) found statistically significant (95% confidence |
level) interaction between the effects of dissolved oxygen and gravel
size on the survival of alevins. In experiments at the Alsea study
site he found that the combined affects of these two factors caused
weaker fry that had difficulty in emerging from the bed. Fewer fish
were able to emerge from the smaller gravel than from the larger gravel.

Koski (1966) conducted a comprehensive field study on the fac~-
tors affecting the emergent survival of alevins in the three Alsea
Watershed Study streams. He was able to estimate the percent sur-
vival of the eggs deposited in the redd by trapping and tagging females
moving upstream, observing where they spawned, and ;".hen trapping
the emergent fry. The number of eggs laid by the fema ie was esti-
mated from a regression equation that predicted thé fecundity as a
function of the length and weight of the fish. Several environmental
factors were measured at each spawning site and then carrelated with
the percent survival in the redd. Tﬁe percentage of fine sediment was
the only variable to be significantly correlated with survival. As per-

cent fines (by volume) less than 3.33 mm increased, the survival
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decreased. His values for survival ranged from 0% to 80% over a
range of fines from 26% to 52%. The regression equation had an r?
value of 0.48. larger amounts of fines also tended to delay emerg-
ence as compared to redds with smaller amounts of fines. Many
dead alevin were observed in excavated redds which contained rela-
t-ively large amounts of fine sediment. Failure to emerge may have
been caused more by blockage of movement by fines rather than poor
survival of the embryos (Koski, 1966).

In a similar study at Big Beef Creek, Washington, Koski (1975)
estimated that the survival to emergence ratio for chum salmon de-
creased about 1.26% for each one percent increase in fines in the
redd. A decrease in fry numbers and fitness was directly related to
low dissolved oxygen levels and high percentages of sand in the
spawning gravel. Koski noted that reductions in fry fitness might
have pronounced effects on survival following emergence and sug-
gested that redds with high percentages of fines might exert a
selective mortality against larger fry. :

In an aquarium study of preemergent coho alevin, Dill and
Northcote (1970) reported that the fish did move béth laterally and
vertically prior to emergence. The authors compared the effects of
large (3.2 to 6.3 cm) gravel and small (1.4 to 3.2 cm) gravel on the
movement and emergence of the alevins. They reported that alevins

moved significantly farther in large gravel than in small gravel and
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that the area o'ccupied by each alevin was significantly greater in
the larger gravel. Emergence was not significantly affected by
gravel size, egg burial depth, or egg density. However, the period
‘of emergence was significantly longer in the small than the larger
- -_.: grave-l . '

; Phillips et.al. (1975) reported that there was an inverse rela-
tionship between the emergent survival of coho fry and the quantity
of fines in the gravel. The experiment was carried out in a series of
experimental troughs with amounts of fine sediment between 1.0 and
3..3 mm in diameter ranging from 0% to 70% by volume. The experi-
ment wa§ designed only to test the effect of fines on the emergence
of fry, not their survival during their early stages of life. For this
reason, fine materials less than 1.0 mm were excluded to allow for
adequate percolation of water and supply of dissolved oxygen. The
authors found an inverse relationship between the amount of sand
and the days to mean emergence for coho alevins. High concentra-
tions of sand caused the fry to emerge early. The autﬁ'ors attributed
this early emergence to stress from the entrapment efféct. The early
emergents weighed less and retained more of their yolk than the later
emergents. For these reasons, the early emergents were less vigorous
and their chances of survival were reduced.

Taggart (1976) trapped emergent fry from 19 redds on eight tribu~-

taries of the Clearwater River, Washington. He characterized the
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intergravel incubatic;n environment by measuring the gravel composi-
tion, the bed permeability, and the dissolved oxygen content of the-
intergravel water. He defined good gravel as being between 3.35
and 26.9 mm in diameter, and poor gravel less than 0.84 mm in dia~
?.m'eter.‘ S‘u_x.'viva14was inversely correlated with the percent poor gravel
and posftively correlated with the percent good gravel and bed permea-
bility. Fry size was positively correlated with dissolved oxygen and
negativ-rely correlated with poor gravel.

In summary, excessive fine sediments may have many detrimental
effects on an_adromogs fish reproduction. They damage the eggs by
adhering to or abrading the chorion,_ blocking the exchange of inter~
gravel and oxygen rich surface waters, and slowing intergravel water
flows which deliver dissolved oxygen and remove toxic metabolites
from the eggs. Finally, fines also restrict intergravel movement and

emergence of alevins.
Fish Habitat

Relatively few studies have been conducted on the effects of fine
sediment on fish habitat. Those that have been done, however, stress
the point that excessive fine sediment is generally damaging toana~-
dromous fish in this respect also.

Saunders and Smith (1965) conducteq a study on the changes ina

~ stream population of trout associated with drastic siltation of the bed.
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The study was carried out in Ellerslie Creek on Prince Edward Island,
Alaska. Cultivation and road construction introduced unusually
1argé amounts of sediment to the stream. Drastic reductions in
trout populations.accompanied this sedimentation. Population re-
ductions ranging from 20% to 25% occurred in different reaches in
the stream The authors attributed these population reductions to
the destruction of habitat and hiding places. They noted that they
remaihing trout searched out the few areas of clean gravel for feeding
‘purposes.

Phillips (1971) noted that fine sediment might be an important
factor affecting the early survival of emergent salmon fry. The fry
often feed in the gravel bed and escape from predators in the inter-
stices. Increased amounts of fines would reduce the cover for escape
and reduce early survival. Similarly, Gibbons and Salo (1973) reported
that excessive fines tended to smother the gravel bed and reduce the
numbers of smaller fish by reducing the available living space and
escape cover. '

A comprehensive study on the effects of sand on fish habitat was
carried out in both natural and artificial stream r:hannels in Idaho
(Bjornn et. al., 1977). The authors reported that fewer fish remained
in the artificial channels where sediment was added to the pools. The
reduction in fish numbers was attributed to a loss of cover in the in-
terstices between large rocks. When sediment was introduced into

natural channels, a loss in pool volume reduced fish numbers
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proportionally. No change in fish numbers was observed due to
riffle sedimentation. The authors reported that excessive fine sedi-
ments could reduoe the summer rearing capacity of streams when
deposited in the pools and reduce the winter fish capacity when
deposited in the larger intersticial spaces of the stream substrate

since fish often enter the gravel bed when the water temperature drops.

Benthos

The Enthic community is the major food source for anadromous
fish in freshwater streams. Excessive fine sediment tends to reduce
these food resources by filling gravel intetstices and promoting un-
stable substrates for aquatic invertebrates and periphyton communities.
Fine sediments reduce invertebrate diversity and populations by reduc-
ing the available living space and reducing their early survival
(Gibbons and Salo, 1973).

Cordone and Kelley (1961) reported that an increa.sing amount of
fine material in the stream bottom eventually results m a declining
bottom fauna. The authors noted that algae is the ver§ basis of the
food chain in streams. They attributed fine sediment with the des-
truction of algae through abrading or covering the bottom with a layer
of silt, effectively shutting off the light necessary for photosynthesis.

Nuttal (1972) evaluated the effects of increased sedimentation
on macroinvertebrate fauna of the river Camel in England. Increased

erosion deposited approximately 10,000 m3 of sand in the main river
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within a two year period. A decreased incidence of plants and macro-
invertebrates was associated with the unstable shifting nature of the
sand deposits. .The depositio'n of sand resulted in a low diversity
and elimination of speqies. "There was a drastic decrease in species
diVe_rsity at titme:pointpf fsediment_:;nput; with a .gradual recovery down~
étream. Rul:-biete-;mded_to supbérﬁ more insects than sand due to the
g;eater living spacé and the better chances for organic matter food
sources to MCoﬁe lodged among the stones.

In stu_dying the effe_cté of landslide activity on the siltation of
the Clearwater River in Washington_; Cederholm and Lestelle (1974)
found a strong inverse relationship betwee;l the total number of benthic
organisms within gravel beds and percent fines less than 0.84 mm in
diameter.

Bjornn et. al. (1977) reported that benthic insect density in the
artificial channel study in a fully sedimented riffle was half that of
an unsedimented riffle. In the natural stream, they found that benthic
insects were 1.5 times more abundant in a plot cleane;i of fine sedi-
ment than the other sections of the stream. At this plot, mayflies
and stoneflies were four times and eight times mor.'e abundant, respec-
tively.

In summary, high levels of fine sediment in stream beds tend to
reduce the food resources for fish by reducing the numbers and diver-

sity of the benthic community.
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111. PROCEDURES

Study Areas

Five streams were intensively sampled during the course of this
study; these x-/v.:e.re Needle Branch; if)eer Créel_é, Flynn Crrek, Meadow
Creek, and éreen Creekj :'i‘he: ;f-irst four stre}:-.m-ls are locatéd approxi-
mately 16 km;south of Toledo, '-Oregon, and are tributaries to Drift
Creek, which eventually floWs into Alsea Bay approximately 6.4 km east
of Waldport. The majqfity of the sampling conducted during this study
was on the undisturbed Flynn Creek watershed (Pigure 1). Needle
Branch, Deer Creek, and Flynn Creek- were inténsivel}} studied during
the Alsea Watershed Study.

The undisturbed Flynn Creek watershed encloses about 225 ha.
Sample collection was concentrated in this watershed to gain insight on
the processes that affect the composition of bed sediments in an undis-
turbed stream. The adjacent Meadow Creek watershed, 138 ha in size,
contains approximately 1.2 km of forest road and a 51 ha clearcut
which was harvested in 1963. Both watersheds are adfninistered by
the U, S. Forest Service. The principal tree spec.ies on the Flynn

Creek and Meadow Creek watersheds are Douglas-fir (Pseudotsuga

menziesij) and red alder Alnus rubra). Douglas-fir are present in 30
to 50 and 70 to 110 year old stands. Alder stands are about 30 to 70

years old and are concentrated near the stream. Understory vegeta-

tion consists of salal(Gaultheria shallon), sword fern (Polvstichum
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gl,u_mig_"l)' vine maple (cer circinatum), salmonberry (Rubus specta-

pilis), and isolated groups of bracken fern (Pteridium aquilinum)

(Moring and lantz, 1975).
A stream gaging station is mainta_in_ed and operated by :the Oregon
State Department of Forest Engineeriqg on Flynn C_.-ljee;k.'-. | Sfréém diem :;
charge records from this station were gsed to index :flow patterns (size
and sequence of storm events) on the other study streams.

The Deer Creek watershed is the largest of all five study streams,
covering approximately 304 ha. Most of the watershed is administered
by the U. S. Forest Service, with a small section at the base owned by
Georgia Pacific Corporation. Three clearcuts totaling about 82 ha were
harvested in 1966. One of these units is near the mouth of the water-
shed and the other two are in the headwall areas. Another unit about
30 ha in size in the upper reaches of the watershed was harvested
during the fall of 1977. Two of the foz_.u' units have buffer strips near
the stream. The Deer Creek watershed contains about 6 km of forest
road, most of which was constructed near the ridges. fI‘he remaining
vegetation on the watershed consists of mostly 50 to 1io year old
Douglas=fir stands. Alder stands, 40 to 60 years ‘old, are concen-
trated near the stream. The understory vegetation consists of salmon-
berry, vine maple, sword fern, and isolated patches of salal and
bracken fern {Moring and lantz, 1975).

The Needle Branch watershed covers 75 ha and was 82% clearcut
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in 1966. No buffer strip was left and little effort was made to protect
the stream. Large organic debris was eventually removed from the
channel (Moring and Lantz, 1975). The watershed contains about
2.4 km of road concentrated near the ridges. Dense growth of rea
alder now cover the area near the stream and plaht_:-e_d Douglas=-fir are -
revegetating the slopes of the watershed. The arai-nage is a:ilmvo'st; en-
tirely owned by the Georgia Pacific Corparation. There is a sma 11-_
block of privately owned land near the mouth of the watershed.

-The other stream sampled intensively during this study was a
small unnamed creek approximately 16 km southwest of Alsea, Oregon.
It will be called Green Creek for the purposes of this study (Figure 2).
The watershed has its mouth located near U. S. Forest Service road
number 15003 in the N. W. 1/4 of section 27, T. 158, R, 9 W,
Willamette P. M. Green Creek is a headwater tributary to Five Rivers,
a stream which eventually flows into the Alsea River approximately
18 km east of Waldport. The Green Creek watershed encloses 56 ha
and has approximately 1.1 km of road within its bounda_.'ry. Approxi-
mately 15 ha were harvested in 1955 within the watersﬁed. Unit three
of the Ryan Green '76 timber sale encloses 16 ha within the watershed
and is scheduled to be harvested before December of 1979. The en-~
tire watershed is owned by the Forest Service. The principal tree
species is Douglas~fir. Scattered western hemlocks (m heterophvyl=-
l_g) and red alders are also present on the area. The understory vegeta=-

tion consists of salal, sword fern, vine maple, and salmonberry.
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Sample Collection

Streambed samples were collected by two methods in this study.
Both involved the removal of a frozen core of the bed sediments. How-
ever, the two methods for freezing thé core differed. One method used _
1iquid carbon dioxide and the other used liquid niﬁ'ogen. The carbon
dioxide technique was used for all the samples in the study with the
exception of the ones taken from the 21 streams sampled during the

summer months. Liquid nitrogen cores were collected on those streams.

Carbon Dioxjde M

The carbon dioxide frozen core sampling technique was first des-
cribed and then modified by Walkotten (1973; 1976). The design of the
sampling apparatus used in this study is identical to his (Figure 3).
Several pointed probes. were constructed from one meter lengths of
1.9 cm diameter hard drawn copper pipes. The probe tips are fashioned
from machined brass. A four-way-cross pipe is fastened to the top of
the length of pipe and short sections of pipe are attac};ed for handles.
A smaller diameter pipe was constructed so that itj could be inserted
into the full length of the outer probe. Liquid carbon dioxide

is supplied to the bottom of the probe by the smaller section of
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pipe. This inner probe is connected to a fire extinguisher supply
pottle by a length of wire-reinforced delivery hose. A 9.1 kg (20
1b.) capacity tank was used for the carbon dioxide supply. This size
a1_10wed for field portability and an adequate supply of gas. Four
.._nozzle_.s are spaced five cm apart and staggered around the base of
the inner probé to deliver the liquid carbon dioxide to the base of the
outer probe. The nozzles have 0.15 mm diameter orifices that allow
pressurized liquid carbon dioxide to bleed off slowly after filling the
- inner probe and supply hose. These crifices are easily plugged by
impurities in the carbon dioxide or the supply line, so a ten micron
filtér was installed at the top of the inner probe to prevent this type
of material from reaching the base of the probe.

Liquid carbon dioxide has a heat of vaporization of 42.9 cal/g
at 15°C (Chemical Rubber Company, 1966). As liquid carbon dioxide
is supplied to the interior of the base of the outer probe, it vaporizes
at atmospheric pressure and cools the base of the probe to about -80°cC.
The probe absorbs heat from the stream bed and ﬁeezeé the sediment,
organic matter, and intergravel water. The frozen coré can then be
pulled out of the stream bed with the probe. The core can the4n be
removed from the probe by pouring hot water down the length of the
pipe. The water heats the probe and the interior of the core so that
it may be slid off the probe and stored in a plastic bag.

Liquid carbon dioxide was supplied at a rate such that a moderate
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amount of dry ice snow was blown out of the top of the probe. This
rate represents a flow of about 0.45 kg (one 1b.) of gas per minute.
This rate of gas delivery, when supplied for three minutes, would
. freeze a core between five to ten cm in diameter. Six samples could
be taken with each tank. All samples were taken to a depth of about

25 cm.

Liquid Nitrogen Method

Streambed samples were collected on the 21 streams sampled
during the summer months by a liquid nitrogen forzen core technique.
In this methdd, a 3.8 cm diameter iron pipe with a pointed steel cap
was driven into the stream bed to a depth of about 40 to 50 cm. The
pipe was then filled to about the level of the streambed surface with
liquid nitrogen.

Liquid nitrogen has a heat of vaporization of 475 cal/g at the
boiling point (Sargent-Welch Scientific Company, 1968). This sub-
stance boils at a temperature of =195 .8°C (Chemical R:ubber Company,
1966). The liquid nitrogen is rapidly volatilized and produces ex-
tremely cold temperatures within the pipe (Hess, 1977) . Liquid
nitrogen was poured into the pipe from a Dewer flask at about the
same rate as it boiled away. Ten liters of nitrogen were used for
each sample. This amount would freeze a core about 20 cm in dia-
meter in approximately 15 minutes. With some effort, the core could

be removed from the stream bed and stored for later analysis.
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possible Sample Bias

amm—

Frozen core samples m& - have a bias towards the larger particle
gjzes in streambed sediment= since only a small portion of a large
'par_ticle needs to be frozen f :t to be withdrawn from the bed with
the -p;qbe {Hesrsl ]7977;'Shara:_-. 1978; Walkotten, 1973). It might be
expécﬁed that this bias towar== the larger particles would be less in
the nitrogen samples than for == carbon dioxide samples due to the
reduced surface area per unit —-=lume of the nitrogen cores.

In order to test for sigrz=->=nt differences in the results obtained
with the two sampling techni====s, ten paired samples were collected
on Needle Brar;ch and Flynn C===sk in June of 1978. The nitrogen core
pipe was driven into the stre=— bed. Before the nitrogen core was
taken, two carbon dioxide ccr== were taken about 15 cm on either
side of the pipe on a line per==mudicular to the streamflow. The carbon
dioxide cores were compositec oefore analysis. The percent fines and
percent organic matter were ¢=-i=rmined for both samples to an equiva~
lent depth and the difference = the means was eva luaf‘ed with a paired
t-test. Throughout this studvy =11 statistical tests were conducted at

the 95% level of confidence (5= 3 CL).

E.é_:ple Analysis

All frozen core samples -v—==== oven dried at 105°C for 24 hours.

The samples were then remova=. Zom the oven and allowed to cool to
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room temperature. Total weights were recorded for all the samples

before particle size analysis was performed.

Particle Size Analysis

.VP:artic}e' size analysis on all samples was carried out by dry siev-
ing thé isamples thréugh a set of eleven nested sieves. The sieve
openings (in mm) used in the analysis were 50.8, 38.1, 25.4, 19.0,
6.0, 9.5, 6.3, 4.0, 2.0, 1.0, 0.42, and the pan. In other studies,
parficle size analysis has been performed by both the gravimetric and
volumetric methods. However, Moring (1975a) reported that the two
| different analys-is techniques vield essentiall}" the same results.
Gravimetric analysis of the samples was used in this study.

Particle size distribution curves were plotted for each sample and
the amount of fine sediment was expressed as a percentage of the total
sample weight. For the time series data and most other data in the
study, percent fines were taken to be less than 1.0 mm in diameter
with material greater than 50.8 mm excluded from the t_’btal sample
weight. For the data on the 21 streams, percent fines lwere expressed
in several ways. The upper limit of fine sediment- was taken at 2.0,
1.0, and 0.84 mm and the material larger than 50.8 mm was both ex~
cluded and included for the calculation of percent fines at the 2.0
and 1.0 mm breaks. The percent fines less than 0.84 mm was inter-
polated directly from the particle size distribution curve.

Rocks larger than 50.8 mm were excluded from the sample weights
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to attempt to avoid the overpowering effect they would have on the
measure of the relative amounts of fine and coarse sediment in the
sample. This is essentially a sampling problem. One large stone
will have a large effect on the percent fines within a sample even
L though_ it mig}-it have little influence on‘ the variable we actually wish
to mea'-szufe - the coniposition of the bed as it relates to the reproduc-
tive success of anadromous fish. For the carbon dioxide cores, rocks
larger than 50.8 mm would usually have most of their bulk outside of
A the ﬁ'ozen front of the core. This was also true to a lesser extent with
the nitrogen cores. In these cases, although the rocks were physical-
iy attached to the core, they did not belong in the cylindrical sémple
of the stream bed defined by the frozen front. It was hypo_thesized
that excluding the larger material from the sample would give a more
representativé measure of the composition of the stream bed and reduce
the variance in percent fines for a given sampling location. An experi-
ment was conducted to test this hypothesis.

During October of 1978, a gravel bed with unusuélly large amounts
of relatively large stones was located on Flynn Creek énd sampled.
Twelve random samples were taken by the carbon dioxide technique.
Seven of the twelve samples contained stones larger than 50.8 mm.
The samples were sieved and the percentage by weight of fines less
than 1.0 mm was calculated including and excluding the rocks larger
than 50.8 mm. The variance in the twelve samples was calcuiated for

both measures of fine sediment and an F-test for the differences in the
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two variances was conducted. The same test was conducted for the
organic matter content of the samples.

Several other researchers working with streambed composition
also excluded large rocks from the particle size distribution analysis
kin orc}er to avoid their large spurious effects on the measure of fine
sédi:fnent.a McNeil and Ahnell (1964) excluded all material greater than
a mlmmum diameter of 100 mm before sample analysis. Wendling (1978)

excluded all material greater than 25 mm from his samples.

Organjc Matter Analvsis

The organic matter content of all samples was determined by
weight loss on ignition. Samples were placed in aluminum pans,
weighed, and then placed in a muffle furnace set at 310°C for 48 hours.
After the samples were removed from the oven, they were allowed to
cool for six to eight hours before reweighing. Organic matter contents
were expressed as a percent of the total sample weight. Again, material
larger than 50.8 mm in diameter was excluded from the." sample weight.

The temperature of 3 10°C was used for organic matter analysis
because this was the highest temperature that the -muf.fle furnace cho-~
sen for use in this study could attain. This was the only available
oven which had a large enough capacity to handle the number of samples
that were collected.

Since most analyses for organic matter are carried out by burning

at SSOOC, it was of interest to know if there was a relationship between‘
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the estimates of organic matter content obtained at the two tempera-
tures. For this reason, twenty samples were taken after they had
been ashed at 310°C and were ashed again at SSOOC and the addition-
al Weighj: loss was determined for each.

T_he bun_'xing'of sediment samples at high temperatures for organic
matter é'n'alys.is is not recommended due to the fact that some of the
| weight loss upon ignition may be due to the loss of bound water from
the sediment particles. The weight loss may represent more than just
the organic material. These considerations were further justification
-for burning the samples at the lower temperature. However, one still
cannot be sure that the weight loss at 310°C is representative of only
the organics. Some bound water may be driven off at this temperature
also. This method should be thought of as an index of organic matter
content withiri the samples, not an absolute measure. The temperature
of 310°C did allow for complete ignition of the organics in all the

samples.

Study Design

Temporal Variability

The percentage of fine sediments in individual gravel beds of the
five study streams was monitored to document any changes in the
composition of the bed material with time. Sample collection plots

were located immediately downstream from pools in gravel bars that
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would be suitable as spawning areas for anadromous fish. No random-
1zed sample plot location was attempted because it was desireable to
locate the sample plots in areas where fish might spawn. Spawning
fish are not random in redd site selection. They search out areas in
. the sf_r_e"‘am w_i‘th the proper bed configuration and streamflow conditions.
If a stﬁdy is designéd to measure bed composition as it affects the
reproductive success of anadromous fish, sampling sites should be
located by criteria similar to those used by the fish to select redd
sites (Cederholm and Lestelle, 1974). For these reasons, sample plots
were located in riffle areas immediately downstream from a pool.

Four sample plots were established on Flynn Creek, the undis-
turbed stream, and one was established on Meadow Creek. Sample
plots 1 and 2 on Flynn Creek are located approximately 20 m upstream
and downstream from the stream gage, respectively. Plot 3 is about
30 m upstream from the fish trap. Plot 4 is located only 8 m upstream
from the fish trap and is under the ponding influence exerted by the
structure. Plot 1 on Meadow Creek is located approxir?nately 15 m
upstream from the confluence with Flynn Creek.

Only one plot was installed on Needle Brancﬁ, about 15 m up-
stream from the stream gage. It was moved another Sm upstream in
July of 1978 because the pool immediately upstream filled in with bed-
- load sediment near the end of the first storm season and the plot no
longer had the pool and riffle configuration that was desireable for

sampling points.
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Two sample plots were located on Deer Creek. Plot 1 was lo-
cated just below a debris accumulation about 20 m upstream from the
stream gage. Plot 2 was located about 10 m upstream from Plot 1.

Five sample plots were installed on Green Creek, all within 50 m
of th.e‘_rhouth: of the watershed. A crest gage was also installed along
a relat:.lv-ely stable s-traight reach of the channel. Since Green Creek is
approximately 27 km south of the other four watersheds, the extra-
polation‘ of the Flynn Creek discharge records to Green Creek needed
' ven'fication. The gage was installed for this purpose.

The crest gage consisted of a 1.3 cm diameter clear acrylic pipe
and a styrofoam-float inside a larger 2.5 cm diameter PVC pipe perfo-
rated with holes along its length. The outer pipe was bolted to a stake
set deep in the stream bed in concrete. The gage was located next to
a cut bank about 10 m downstream from plot 5. As the stream rose, the
float would rise up on the inside of the acrylic pipe and stick at the
highest point the water reached. The stream crest was measured each
time Green Creek was sampled and the peaks were ass"umed to have
occurred the same day as the ones on Flynn Creek. Tﬁe stream bed
was profiled at the crest gage and cross-sectional areas of flow were
computed for each peak stage. Velocity measurements were made once
during a relatively high stream discharge and this velocity was as-
sumed to apply to all discharges. With this assumed velocity and the
known cross-sectionmal areas of flow, the peak discharges were esti-

mated and compared to those measured at the Flynn Creek stream gage.
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All sample plots were set up as a stream cross section or line de-
fined by two stakes, one on either side of the stream. The two cross-
section endpoints were set at the stream bankfull stage and were used
to define a level reference line across the stream channel. Stretching
a tape_ :tight: betWeen'theSé two endpoints allowed for the making of
measﬁ;ementS of the vertical distance to the stream bed at intervals
along the tape. Cross-section measurements were made before sampl-
ing each plot in order to determine the net amount of scour or deposition
of Bed material at that plot since the last sample.

Bed sediment samples were taken on a monthly basis and as soon
as possible aftér major storm events. Samples Were collected by re-
moving a frozen core of the sediment with the carbon dioxide probe.
The samples were taken to a depth of about 25 cm. Each month, two
samples were collected at each plot and were composited for analysis.
Samples were limited to the area within the stream 1 m on either side of
the cross=-section line. The exact location of each sample was recorded
in terms of its coordinates in relation to the cross-sec%:ion endpoints.
This procedure allowed for the collection of undisturbea samples by
avoiding a spot previously sampled. After large s;corm events that
caused major gravel bed movement, the entire plot was considered to
be open for sampling and the record keeping was begun again.

It was of particular interest to know if the removal of one core
from a given spot within a stream bed would require that one go to

another spot for the next core in order to obtain an undisturbed sample.
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One hypothesis was that a second core out of the same hole would
have drastically different amounts of fine sediment than the first and
would not represent an undisturbed sample. To test this hypothesis a
series of 12 paired samples was taken on Flynn Creek during the fall
of 197_8 and_: the difference in the sample means was tested witha
pairec'-ilt:-test.

Sampling began on the three Alsea watersheds in October 1977.
Cross~section measurements began in February of 1978. Although the
firs-t storm season was about over before in1_:ensive cross=-section mea-
surements were begun, there were other bed profile measurements made
in close. proximity to some of the plots in conjunction with another study
(Sue O'Leary, 1979. Georgia Pacific Corporation, Ft. Bragg, California,
Personal communication). These data were used to index the occurrence
of bed movement near some of the sample plots during the first storm
season. Plot 2 on Deer Creek was sampled beginning in August of 1978.
Sampling and cross=-section measurements began on Green Creek in
February of 1978. All data collection was terminated ihApril of 1979.

The time trends in the percentage of fine sedimenf and organic
matter within each sample will be presented in grz-i phical form in con=-
junction with the streamflow hydrographs. For all time series samples,
1.0 mm was used as the upper limit of fine sediment and all material
greater than 50.8 mm was excluded in the sample analysis. Confi-
dence limits were calculated for the percentage of fine sediment in

each plot during the summer low flow season.
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Spatial Variability

One of the problems in using the percentage of fine sediment in
gravel beds as a stream quality criterion is the large amount of spatial
Qaria?aility in this parameter. In the Coast Range, percent fines varies
bétw)véen s:i:reams ' «Eetween locations in a given stream, and even be-
tween different locations in a particular gravel bed.

In order to document the variability between the percentage of
fine sediments in the gravel within a given stream, comparisons were
made between sample plots on the same stream. Averages were cal-
culated for each plot_over all the months data was collected and again
only for the low flow periods. During the low flow periods , the amount
of fine sediment in the gravel should remain relatively constant since
it is not affected by the scour and fill of gravel associated with high
flows. Statistical comparisons were made between the plot averages
and any differences noted.

The variability of percent fines within the gravel bed of a given
riffle area is of particular interest in sample design. bne experiment
was carried out to attempt to document the variability within a single
gravel bed. In September of 1978 a gravel bed with a relatively uni-
form surface appearance was located on Flynn Creek and 16 samples
were takenona 1.2 by 1.2 m grid superimposed on the bed. The
samples were analyzed for fine sediment and organic matter content

and the changes in these values parallel and perpendicular to the di-

rection of flow was tested by a two way analysis of variance (Ott, 1977).
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Variables Affecting Streambed Composition

Twenty-one watersheds ranging from 23 to 537 ha in size were
sampled in the Coast Range during the months of June, July, and
August of 1978. Samples were collected on watersheds over a wide
_:énge ___of disturbance classes. Five uncut, ten partially cut, and six
: 't;ofally cut watérsheds were sampled. Road densities ranged from no
roads to 4.35 km of road per km2 of watershed area. Saméles were
collected during the summer low flow months in order to avoid varia-
tions in bed composition associated with winter high flows. The
organic matter in these samples is being analyzed in another study
and will not be presented in this paper1 .

Three bed sediment samples were taken at least 10 m apart on
each stream. Samples were collected by the liquid nitrogen techrique.
Since Flynn Creek was an easily accessible and undisturbed stream,
four extra samples were collected on it. All cores were stratified by
depth into three sections: 0 to 10 cm, 10 to 25 cm, and 25 to 40 cm.
The difference in the mean percent fines in the three layers for the
samples was tested with an F-test to check for any general trends
in the stratification of fine sediment with depth in the gravel bed.

The percentage of fine sediment by weight was the dependent
variable of interest in this study. Independent variables comprised

three categories: channel, watershed, and land use characteristics.

1I—'ine Organic Debris and Dissolved Oxygen in Streambed Gravels
in the Oregon Coast Range. Proposed thesis title, Arne Skaugset,
Dept. of Forest Engineering, Oregon State University.



63

Channel characteristics often have a large influence on the bed
composition at a particular point in the stream. For example, Oster-
kamp (1978) reported that samples of bed and bank material taken at
points in the stream provided strong indications that sediment charac-
teristics of the channel were related to channel geometry. Zimmer and
.Bachma-n (1978) noted that there were definite interrelationships be-
tween channel characteristics and bed form and composition. They
reported significant positive correlations between channel sinousity
and the variability of water depth and current velocity. They noted
that these factors might influence the composition of the bed. They
also found that bed particle size was directly related to channel gra-
dient. Beschta (1978b) noted that the characteristics of the stream
bed and banks were important factors affecting stream morphology
and sediment transport. He reported that there was an increasing
need for quantitative information on the stream and channel system
and outlined several technigues for inventorying streams.

Watershed characteristics may also affect the co;nposition of
stream beds. Beschta and Jackson (1978) reported thaf the particle
size distribution of the bed materials might be affected by parent
materials, soils, and other watershed characteristics. Ina study in
Alaska, the productivity of pink and chum salmon streams was ade-
quately predicted by a model containing eight quantitative geomorphic
variables measured from aerial photographs and maps (Swanston et.

al., 1977). These variables included the basin area, percent of
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slopes greater than 340, avalanche index, bifurcation ratio, stream
length, basin relief, basin length ratio, énd the basin orientation.
Salmon productivity in these streams is largely controlled by gravel
bed composition, so these variables might be controlling productivity
1nd1r_e_ét1y tprough their influence on the gravel bed.

: 'ééveral land ﬁse variables were also measured on the watersheds
to index the degree of disturbance on the basins. If road building
and forest harvesting greatly accelerate the rates of erosion and sedi-
meht delivery to the stream, then increased sediment loads might lead
to greater rates of sediment deposition within the gravel ‘beds.

Thé variables measured at each sample plot and watershed are
listed in Table 1. The first five variables represent different ways of
expressing the percentage of fine sediments within a sample.

The stream order for each segment of stream sampled was deter-
mined by the methods proposed by Strahler (1957). For consistency,
all stream orders were taken from the same 1:31,680 scale quadrangle
map.

Bankfull stage is the vertical distance from the stream bottom to
the bank capacity level and was measured at the deepest point along
the sample plot cross section. The cross-sectional area of flow was
calculated from bed profile measurements at each plot. The width-
depth ratio is the width of the stream channel divided by the bankfull

stage.
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Table 1. Listing of dependent (1-5) ard independent {6-26) variables
for Coast Range watersheds.

Variable Unit sa
1. Fines (1.0 mm exc. rocks larger than 50.8 mm)b ' %
2. I_-"i-:n:e's (1.0 mm inc. rocks larger than 50.8 mm) %
R Fines (2.0 mm exc. rocks larger than 50.8 mm) %
4. Fines (2.0 mm inc. rocks larger than 50.8 mm) %
5. Fines (0.84 mm exc. rocks larger than 50.8 mm) %

6. Stream order -

7. Watershed area ha

8. Bankfull stage m

9. Stream cross-sectional area at bankfull stage m?2
10. Width-depth ratio -
11, Stream gradient %
12. Stream sinuosity -
13. Watershed relief ratio -
14. Average watershed slope %
15. Watershed sediment yield ranking -
16. Road density km/km?
17. Amount of watershed harvested %
18. Percent area time factor %
19. Amount of direct stream disturbance _" %
20. Armor layer average diameter cm
21. Average log transformed armor layer diameter cm

22. Channel stability rating -
23. Basalt present in stream (yes=1, no=0) -
24. large scale mass movements (yes=1, no=0) -

25. Private timber holdings (yes=1, no=0) -

26. Index of uniformity -

3A dash indicates that the variable is dimensionless.
bpercent fines by weight.
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Stream gradient was measured at each plot with a clinometer and
recorded to the nearest one percent.

Sinuosity is the ratio of the stream distance between two points
fo the straight line distance between the same two points in the channel.
At each plot, a straight line distance of at least 15 m to another point
g ﬁp’s-tzzfeém was_-r'x-iéasux:'ed and then the distance along the stream was
niéésufed.

| The relief ratio for the watershed was calculated by dividing the
difference in elevation between the highest point and the mouth by the
straighf line horizontal distance between the two points. This measure
is an index of the overall steepness of the watershed.

The average slope was also calculated to index the steepness of
the drainage. Grids were randomly placed over a topographic map of the
watershed and percent slopes perpendicular to the contours were calcu-
lated at each point on the grid. At least ten points were sampled within
each drainage.

The sediment yield ranking is a property of the sdils mapped on
the watershed. The ranking is intended to index the pétential for stream
sedimentation from silt and clay particles eroded from the soil and car-
ried in suspension (Badura, 1974). The rankings are expressed as
being low, moderate, or high with gradations between the three groups.
For this study, the rankings were assigned numbers from one to five,
with "low"” being one and "high" having a value of five. The soil

types mapped on each watershed were assigned their respective sediment
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yield rankings and the numbers were weighted by the area of the water-
shed having that ranking.

The totalllength of all roads within the watersheds was deter-
mined and expre__ssed on a per unit area basis in km of road length
per km2 of w;;téfs_hed area |

Cléarcut'uni_ts harvé»sted up to 20 years ago were sketched on
base maps using information gathered from fireman's maps, aerial
photographs, and field surveys. The ages of the cut units were de-
termiﬁed from dendrochronological measurements or Forest Service
records. The percentage of the area in clearcuts was determined and
recorded for each watershed. Partial cuttings or thinnings were not
considered to be cut units in this study. No partial cuts were ob-
served on any of the watersheds and only one light thinning was
encountered.

The Percent Area Time Factor is @ land use index designed to
take into aécount stream sediment inputs from roads and clearcut
units. The index is designed to account for the gmduél return of
increased sedimént inputs from cut units to pre-treatment levels over
a period of time.

The first step in developing the factor was decided on an

equivalent clearcﬁt area that would represent about the same sediment
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production as a given area of a watershed in roads. What percentage
of an otherWi_se undisturbed watershed's area in roads is equivalent to
clearcutting the entiré watershed without roads ? In all cases, the
road w;'c_lths were assumed to be 15 m. This width was sufficient to
includ;the drlvi‘rig_.:Suffa-cze,‘ ditche,sf,-" and ;:ut and fill slopes, all of
which are sources of e»fésioh and sediment problems. This clearcut
equivalent for the roads was estimated from information gathered from
several sources.

Several résearchers have estimated the relative contributions of
roads and clearcuts in relation to increased sediment delivery to the
stream (Anderson, 1971; Swanson and Dyrness, 1975; Swanston and
Swanson, 1976) . These estimates indicaté about six to eight percent
of a watershed in roads may be equivalent to clearcutting the water-
shed.

Several watershed studies had periods of time between the road
construction and timber harvest or gave other separate,?estimates of the
increased sediment yield due to roads and clearcuts (F.redriksen, 1970;
Megahan and Kidd, 1972; Moring, 1975a). These results show that
from 0.01% to 1.5% of an area in roads may produce an equivalent
amount of sediment as a clearcut.

Based on these estimates, four percent of a watershed's area in
roads was assumed to be equivalent to clearcutting and cable yarding

the entire watershed in terms of sediment delivery to the stream.
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The area of each watershed in roads was calculated by multiply-
ing the length of roads times the 15 m assumed road width and then it
was expressed as a percentage Qf the entire drainage area. The clear-

cut equivalent area was calculated from the following formula:

+ (100) R

Cc= —
4
Where C = Clearcut equivalent (percent)

R = Watershed area in roads (percent)

The PercentArea Time Factor was designed to take into account
the return of erosion and sedimentation rates on clearcut units to pre-
treatment levels over a -period of time. This reduction in erosion rates
over time has been well documented (Brown, 1971; Megahan, 1974).

A period of ten years was assumed for the return to natural levels of
sedimentation following clearcutting. This estimation of reduction

in sediment yields was not applied to the roaded area ;ince roads were
considered to be continuous sources of sediment. The-t Percent Area

Time Factor was calculated for each watershed by the equation below.

10 -
po HO0O-T)
10
Where F = Percent Area Time Factor (percent)

H = Area of the watershed harvested (percent)

C = Clearcut equivalent area for roads (percent)
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T = Time since harvest (years)
H{do-T) _,
10

for T > 10 years,

If watersheds contained several units__harve_sted at different times,
each was consicie__réd separately.. Tir_x{e. reducti_qn facf_cors were calcu-
lated for each éne; and thes'ie:-val'tiés: wére sumr.x;e'd before bei-ng added
to the clearcut équivalent for the ;_‘oadsl .

With this system, it was possible to have a Percent Area Time
Factor of well over 100%. Watersheds with recent cut units and high
rg;:ad densities tended to have factors of 100% or greater. In contrast,
watersheds entirely harvested more thanrsix or se.ven years ago with
low road densities tended to have much lower factors.

The amount of direct stream disturbance from forest harvesting
activities was quantified on all the watersheds sampled. When the
cut units on the watersheds were field inventoried, the presence or
absence of a commercial or hardwood stream buffer was noted. When
neither type of buffer strip was present, that length of_f'stream was
considered to be directly disturbed by logging activitiés . The amount
of direct stream disturbance was expressed as a percent of the total
stream length.

The streambed armor layer was sampled at each plot. Transects
were made perpendicular to the flow at each cross section and a metal
ring 9.2 cm in diameter was placed on the stream bed at regular inter-

vals across the transect. All particles of the armor layer within or
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extending into the area of the ring were collected as long as they
could be lifted off the top layer of the stream bed. Collection of rocks
within the ring was stopped as soon as the only ones remaining were
embedded and had to be dug out to be removed. The width of the
sample intervals along the ;:ré-nsect varied with ;tih_'e width.qf theaéhannel
to ensure that at least fouf ring samplés :Qexi_é_.taken at ea'éh plot. The
diameter of each rock was rﬁeasured along thé second longest axis.
This axis was used for the measurement sihce it is usually the axis
which prohibits a rock from passing _a- sieve in a particle size analysis.

The armor layer data was represented in mo ways. The mean was
calculated for all the diameters at each plot. Since some skewness- of
the data was indicated, a natural log transformation of the diameters
was performed and another mean was calculated.

The channel stability rating was used to attempt to quantify the
stability of the streambed and bank materials through a systematic
inspection of the channel (Pfankuch, 1975). This rating was carried
out on the segment of the stream enclosing all three sa?mple plots and
the reach of stream about 50 m beyond the plot furthest upstream.

Variables 23, 24, and 25, in Table 1 are all ."dummy" variables
that were included because field observations indicated that they
might have an effect on the amount of fine sediment in the stream bed.

Basaltic rocks tend to weather much more slowly and form stream
beds with high proportions of large stones. Streams having basalt pre-

sent in the bed generally tended to ha\}e less fine sediment than those
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streams with beds composed entirely of sandstone rocks. This variable
was assigned a value of one if basalt was present in the channel, and
a value of zero if no basalt was present.

Deep seated large scale mass movements such és large scale
slumps or earthflows seemed to be intx_:bducing bedrock material to the
stream channel faster than the stream could brea'gk;:the.' 'mAa.tex-'ial dowx-i |
and transport it. Streams cutting down through the toé of lérge slumps
tended to have high proportions of large stones which tended to affect
the particle size distribution of the bed material. If large mass move-
ments were noted on a watershed, a value of 6ne was assigﬁed to this
variable. If no indications of mass movements were observed, a value
of zero was assigned.

All the private land holdings on the 21 watersheds that were sampled
had been harvested. Compared to operations on Forest Service lands,
road construction and timber harvest activities on private lands appeared
to be carried out with much less attention given to environmental con-
cerns. Thus, ownership of the watershed might affect‘?the rates of
erosion and sedimentation. This third dummy variable':was assigned a
value of one if over half of the watershed was held in private owner-
ship by timber corporations. If the majority of the watershed was in
Farest Service ownership, the variable was assigned a value .of zero.

The index of uniformity is a measure of the uniformity of the par-
ticle size distribution of each sample. It is the ratio of Dgg to Dy

where these are the particle diameters having 60% and 10% by weight
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of the sample finer than the indicated size, respectively (Klingeman,
1971).

The fine sediment data for the 21 sample watersheds was an;_alyzed
in several ways. First, it was desireable to have only one dependent
variable for usé in the multiple linear regression -'a:ﬁalysis - The per- : .
centage of fine sediment less than 1.0 mm in dizilme.ter excluéihg tﬁe_
sample material greater than 50.8 mm was selecfed as the dependent
variable. This criterion was selected for consistency with the time
series data and all the other data that was collected during'the study.
For comparison, this measure of fine sediment was regressed against
the four other measures of fines for all 67 samples.

The percent fines variable was also regressed against the two
mean armor layer measurements and the index of uniformity. These
independent variables represent different measures of bed composition.
In addition, the mean value of percent fines for the three samples on
each stream was calculated and used to quantify the variability in
this parameter between streams in the Coast Range.

Multiple linear regressions of the percentage of fine sediments
in the stream bed against the independent variablés in Table 1 were
carried out on three data sets: all 67 samples, the average values
for the 21 watersheds, and the seven samples on Flynn Creek. Since
the two armor layer measurements and the index of uniformity are also
measures of bed composition, they were not included in this analysis.

The regression analysis was performed in the REGRESS subsystem of
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the SIPS (Statistical Interactive Programming System) program. This
program is bound to the CYBER 70/30 cémputer and the NOS control
system at Cregon State University (Rowe et. al., 1976).

A backwards stepwise method of model selection was used in the
analysis. This method of model selection was chog;en over the forwa_rd -
stepwise method because it is better adapted to :acc§unt for z;ny 'inlt.e.__r-
action between any of the independent variables (Neter and Wasserman,
1974).

The models were not developed for predictive purposes. They
were developed to quantitatively describe a set of data. It should be
noted that the models are only appropriate for the frozen core sampling

technique and ére reliable only within the ranges that the independent

variables took on during the sample collection.

Effects. of Forest Harvesting on Streambed Composition

The study design for the sample collection on Green Creek was
originally intended to be used for the evaluation of the? impacts of
forest harvesting activity on the composition of the stream bed. Unit
number three of the Ryan Green '76 timber sale waé scheduled to be
cut in June of 1978. However, market conditions led to a delay in
the harvest of this unit. The unit remained uncut throughout the dura-
tion of the study. However, the timber sale contract expires in
December of 1979, éo the unit will probably be harvested before then.

It should be noted that the Green Creek watershed is not an
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undisturbed dreinage. Approximately 15 ha within the basin were
harvested in 1955 before the land was acquired by the Forest Service.
However, 24 years should be sufficient time for any increased erosion

and sedimentation to return to background levels.
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IV. RESULTS AND DISCUSSION

Evaluation of Field and Iab Techniques

Frozen Core Sampling Technique

Frozen core sampling of streambed materials offers sevefa_,i ad-
vantages over other methods. The frozen core represents an: undisturbed )
section of the stream bed with the exception of a slight disturbance
when the pipe is inserted into the gravel. Frozen core samples have
been found to give more accurate measures of fine sediment content in
gravel beds of known composition than other sampling techniques
(Walkotten, 1976). The only other technique used extensively for
sampling streambed composition involves inserting a metal cylinder
into the bed and hand cleaning its contents. Fines remaining in sus=-
pension in the cylinder are siphoned off or removed with a plunger
{McNeil and Ahnell, 1960). This method has been found to overesti~
mate the amount of fine sediment in the bed (Jeff Cederholm, 1979.
University of Washington, Personal communication). .

The carbon aioxide technique for obtaining frozen cores has
several advantages over the liquid nitrogen method. The CO9 bottle
may be mounted on a back pack for field peortability. Six samples can
be taken from a single bottle; one every five minutes if two probes are
used. The frozen cores are relatively small, so there is little dis~

turbance to the stream bed when the sample is taken. Carbon dioxide
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is relatively inexpensive (approximately $1.50 per sample) and easy
to obtain.

There are several disadvantages to the carbon dioxide technique.
A large amount of field equipment is required. Supply lines and noz-
z1ésﬁp1ug occasiona11y:;nd requiré congtant maintenance. The frozen
cbre§ have a F;1atiVé]} high surféée area per unit volume and might be
more biased towards 1argé particles than the nitrogen cores.

The liquid nitfogen cores are larger and would tend to be less
susceptible to the spurious effects caused by larger particles. They
represent a larger sample of the stream bed and would be desirable
from a statistical standpoint if only one sample can be obtained in a
gravel bed. The method is fairly simple aﬁd the equipment requires
little maintenance.

The 1liquid nitrogen method has several disadvantages. The larger
cores require heavy duty pipes and other equipment. This equipment
and the ten liters of liquid nitrogen required for each core are bulky
and less field portable than the carbon dioxide apparatus. Liquid
nitrogen may be hard to obtain and is relatively expensive (approxi-
mately $8.00 to $10.00 per core). |

Both methods require that safety precautions be takén by the field
personnel, Liquid carbon dioxide is under extreme bressure and should
be handled accordingly. Liquid nitrogen is extremely cold and can
cause severe burns if it contacts the skin in large quantities.

Ten paired samples were taken on Needle Branch and Flynn Creek
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with the nitrogen and carbon dioxide methods and the means of the fine
sediment and organic matter content for each method were compared
(Table 2). There was no statistically significant difference (35% CL)
in fine sediment or organic rnatter content in the paired samples taken
at Needle Branch and Plynn Creek If there was a significant bias
towards the larger partic:les in the carbon dioxide cores compared to the
liguid nitroi;en cores, it wou_ld have probably shown up as significantly

lower levels of fine sediment in the carbon dioxide samples.

Repeated Samples at the Same Spot

Twelve paired samples were obtained at Flynn Creek. After the
first core was removed from the bed the probe was inserted into the
original location and a second sample was then obtained (Table 3).
There was no statistically significant difference (95% CL) in percent
fines or percent organic matter between the first and second samples.
The results of this experiment were rather surprising because it was
hypothesized that after the first sample was extracted .'from the bed,
the hole would fill in with fine sediment and the next sample would
have higher levels of fines. All these samples were collected in
Flynn Creek, which is characterized by a loose unconsolidated stream
bed. Rather than filling only with fine sediment after the first sample
was removed, the holes seemed to cave in on themselves and were
filled with material representative of the surrounding bed. This fact

would explain the absence of @ change in fine sediment or organic



Table 2. Percent fine sediment and percent organic matter, by
weight, for paired frozen core samples obtained with

carbon dioxide and liquid nitrogen.

Percent Fines®

Percent Organicsb

?\Iaun;'f;)l:r O, Ny CO, Ny
1 13.4 8.0 ¢ c
2 | 12.0 19.0 '_ 4.6 5.1
3 18.5 17.2 5.3 4.5
4 50.1 - 52.4 5.5 6.0
5 28.0 30.5 4.5 5.0
6 27.3 28.4 c c
7 41.5 46.2 5.1 5.8
8 17.9 24.5 c c
9 25.5 17.3 c c
10 28.2 30.6 5.8 4.5
Mean 26.2 28.4 5.1 5.2

3Percent fines less than 1.0 mm, rocks larger than 50.8 mm excluded

from the sample.

bSamples ashed at SSOOC.

cSamples not analyzed for organic matter content.
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Table 3. Percent fine sediment and percent organic matter, by
weight, for paired samples from the same spot.

Percent Fines® Percent Organigsb
Sample - first second first second
Number sample sample_ sample | sample
1 26.7 23.1 3._9"_.-‘.? : 3.5
2 - 21.7 24.1 36 ‘ 3.4
3 16.7 19.3 3.1 3.1
4 15.5 15.9 3.2 37.0
5 27.4 26.6 3.4 3.5
6 20.4 18.1 3.2 3.7
7 18.8 17.1 3.2 3.2
8 16.0 14.2 3.5 3.3
9 24.1 22.4 3.2 3.1
10 | 20.7 16.7 3.0 3.0
11 20.8 32.7 3.4 3.2
12 21.9 - 17.0 3.2 3.3
Mean 20.9 20.6 3.3 3.3

@percent fines less than 1.0 mm, rocks larger than 50.8 mm excluded
from the sample.

bSamples ashed at 310°C .
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matter content in the second sample as compared with the first. Thus,
a single stream riffle can apparently be sampled repeatedly with the
carbon dioxide probe without significantly changing the composition of
the bed. However, since this test was only conducted for two samples
from the same spot, care was still taken duri'ng' the time series da_fa-
collection not to sample the same spot twicé bétween pe;ioa' of g_r;vlel

bed movement.

Percent Fine Sediment Criteria

The percentage (by weight) of fine sediment less than 1.0 mm in
diameter excluding material greater than 50.8 mm from the sample was
compared to other ways of measuring percent fines. The 67 liquid
nitrogen frozen core samples were used for this comparison Appendix
A). The coded variables are shown in Table 4. The comparison with
the other two variables that also excluded material greater than 50.8 mm

from the sample resulted in the following regressions:

FIEXC = 1.07 (F8EXC) + 0.44 r? = 0.58

F1EXC = 0.78 (F2EXC) - 0.04 r2=0.97
These regression equations are strongly linear as indexed by the high
r2 values. Apparently, within the range of 0.84to 2.0 mm, any con-
venient sieve size chosen as the upper limit of fine sediment will give
comparable results with any other size. The choice of 1.0 mm as the
limit of fine sediment seems a logical one for this study because it has

been used in other research studies and is a convenient sieve size.
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FlEXC was also compared with the percent fines variables that

included all rocks in the sample weight, regardless of their size:

F1EXC = 0.90 (F1INC) + 3.71 r2 =0.95

F1EXC = 0.70 (F2INC) + 3.79 r2=0,93

The relationships are still strongly linear, although the r values are
slightly lower than those attained for the other two measures of fine
sediment. All four of the regressions are statistically significant

(95% CL). Over the large number of samples collected for this study,
it seems to make little difference whether one includes or excludes
large rocks when calculating percent fines. The vast majority of the
samples had no rocks larger than 50.8 mm and there was no difference
in the two criteria.

The difference between the value of percent fines variables in-
cluding and excluding the 50.8 mm material, however, may be large
for any given sample. The most extreme case in this study was sample
17, Appendix A, which had a F1INC of 7.1% and a F1EXC of 21.6%.
The benefits gained in excluding large rocks from the pérticle size
anmalysis will be discussed later. Unless specified otherwise herein,
percent fines will be defined as the percentage by weight of sediment
less than 1.0 mm in diameter in each sample after rocks larger than
50.8 mm in diameter have been excluded.

There appeared to be little correlation between F1EXC and the

average armor layer diameter or the average log transformed armor
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layer diameter for each sample. The linear relationships had r? values
of 0.20 and 0.19, respectively. However, the best r2 was obtained

for F1EXC versus the log transformed average armor layer diameter:

F1EXC = -8.73 In Armor iayer average diameter) + 27.88

12 =0.32

This regression is statistically significant (95% CL) and may suggest
that there is a relationship between the percentage of fine sediment in
the bed and the mean armor layer diameter. However, there is too much
scatter about the regression line to use measurements of the armor
-layer mean diameter to predict the percent fines in the bed.

The index of uniformity was not significantly associated with the

percentage of fine sediments in the bed.

Exclusion of Sediment Greater than 50.8 mm in Diameter

An F~test was conducted to see if excluding the material greater
than 50.8 mm in diameter from the samples would signi.'ficantly reduce
the variance in the measure of percent fines in the bed. within a parti-
cular riffle area (Table 5). After a logarithmic transformation of the
data, the variance was significantly (95% CL) reduced by excluding
the larger material from the sample. The variance for the untrans-
formed data was reduced from 12.95 to 7.46. |

However, a complication arose in that excluding the larger

material increased the variance in percent organic matter content from
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Table S. Percent fine sediment and percent organic matter, by
welght, used to test the reduction in variance follow-
ing exclusion of sediments larger than 50.8 mm.
Percent Fines3/€ Percent Organics®:€
- . ‘Including Excluding Including Excluding
. 'Sample rocks rocks rocks rocks
Number >50.8mm 250.8mm >50.8 mm >50.8mm
1 4.1 9.2 4.8 10.9
2 6.1 8.1 3.9 5.3
3 7.7 15.2 3.3 6.4
4 7.8 9.1 3.7 4.3
5 12.8 12.8 3.2 3.2
) 9.2 9.2 3.1 3.1
7 5.1 9.5 3.9 7.3
8 8.3 14.6 3.3 5.8
9 16.3 16.3 3.3 3.3
10 11.7 11.7 3.4 3.4
11 8.7 11.7 4.2 = 5.7
12 13.1 13.1 3.4 3.4
Mean 9.2 11.7 3.6 5.2
Variance 12.95 7.46 0.25 5.30
Standard
Deviation 3.60 2.73 0.50 2.30

8 percent fines less than 1.0 mm.

bsamples

ashed at 3 10°C.

Chata were normalized (log transform) before testing for the differences
in variances.
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0.25 to 5.30 for the 12 samples. This increase was statistically sig-
nificant (95% CL) .' Since the primary objective of this study was to
study fine sediments, it was decided to exclude particles laréer than
50.8 mm from the sample for calculating percent fines and percent
_':_;)?gaMC fx1a:tter.a It should be i'ecognized that this procedure might re-
' duce the'a-cc-:uracy of thé estimated organic matter content in the

samples.

Temperature for Organic Matter Analysis

Organic matter content was determined at 310°C and 550°C for
20 samples Appendix D). The percent weight loss at 310°C in compari=-
son to the cumulative percent weight loss at 55 OOC is illustrated by the

following equation:

Percent weight loss at 31000 = 1,01 (Percent weight

loss at 550°C) + 2.34

r2 =0.92
The relationship is statistically significant (95% CL), '.strongly linear,
and has a slope of one, which suggests that the two methods of organic
matter determination differ by a constant amount, the value of the ¥
intercept. The mean difference between the organic matter content
measured at the two temperatures is 2.36% £ 0.17% (95% CL). There-
fore, we may conclude that burning the samples at 550°C rather than

at 310°C adds another 2.2% to 2.5% (by weight) to the estimated or-

ganic matter content.
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Percent Fine Sediment with Depth

- The fine sediment content for the three depth strata of 0 to 10,
10 to 25 , and 25 to 40 cm for the 59 liquid nitrogen samples is pre-
s_ented_ in Aﬁppendi_x'E._ Only 59 of the total 67 samples were ﬁsed for
tl"ii.sj ar.lal»y;si's. Som_;e'v"o'f th; samples cbuld not be used because they |
either d1d not freeze the surface of the stream bed sufficiently or they

were sectioned at depths different than those listed above. The mean

.percent fines for the 59 samples for the 0 to 10, 10 to 25, and 25 to 40

| cm strata wére 17.5%, 22.3%, and 22.2%, respectively. An analysis

of vériance indicated a significant difference (95% CL) in at least one
of the mean values of percent fines for the three depths. The mean
value of 17.5% fines for the top strata is obviously much lower than
the means for the other two layers. This difference in percent fines
with depth was also observed in the field. Intergravel pore spaces
show up as clean frozen water in the core just after it is removed from
the stream bed. Large pores of frozen intergravel watgr were rarely
observed in the lower sections of samples. The majority of clean
pore space was usually in the top section of the cores.

These results are in direct contrast to conclusions drawn by
other authors. Ringler (1970) reported that stratification of fine sedi-
ment with depth was observed in individual frozen cores, but that no
overall trend was present. However, Garvin (1974) found that the

vertical position in the bed was a significant factor affecting the
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amount of fine organic material intruded into that level within the
stream bed. Presumably, fine sediment would behave similarly.
Beschta and Jackson (1978) found that sand sized particles tended to
accumulate neaf the surfage of the gravel bed, rather than deeper in
“the bed.
| The s'r':navller’a-n;oﬁnts of ﬁﬁe’s 11:1 the surface of the bed documented
in this study maj .I-Je éxplained in several ways. If the fine sediments
are evenly distributed throughout the gravel bed, the nitrogen core may
be inefficient in sampling the bed surface. When the forzen core
method was first used,- it would sometimes fail to freeze the surface
of the bed becéuse intergravel water fiow velocities near the surface
were fast enough to continually warm the bed and prevent it from freez-
ing to the pipe. However, early in the summer we found that an open
ended cylinder, or "baffle can, " pressed into the gravel surrounding
the pipe would restrict the flow of water over and in the gravel bed and
allow the surface of the bed to be frozen as effectively as the rest of
the core. This technique was used on all the remainir{g samples and
complete cores were attained in most cases. Since oniy complete
cores were used in the analysis of the depth strata, any failure of the
core to adequately sample the top of the bed can be ruled out as the
cause of the lower amount of fine sediment near the surface of the bed.

The driving of the pipe into the stream bed may have caused some
settling of the fines farther down in the bed. This disturbance of the

bed and movement of fines accompanying the insertion of the probe has
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peen noted by several authors {Beschta and Jackson, 1978; Wendling,
1978). Although fines were never observed to wash away from the
bed or filter down into lower interstices when the pipe was driven into
the bed, these processes> might stil_l_ have influenced the fine sediment
content of the upper layer. In‘addition, it has been shown that the
surface ma;térial in tﬁe:'grav'él; béd becomlés pr;gressiv'ely coarser as the
bed forms on the falling lim.k; of the hydrograph (Garde et. al., 1977).
This coarse layer of materiél at the surface of the bed is the armor
layer and is common to most gravel bedded streams (Milhous and
Klingeman, 1971; Milhous, 1973) . The relatively coarse armor layer
particles would typica 1l§ result in lower levels of fines near the sur-
face of the bed.

Any of the above factors, singly or in combination, may have
caused the stratification of fine sediment with depth as observed in

this study.

Temporal Variabiiity in Percent Fine Sediment

Alsea Watersheds

The occurrence of gravel bed movement on th.e eight sample plots
located on the four Alsea watersheds is indexed by the channel cross-
section measurements (Table 6). These measurements illustrate net
changes in the bed form between points in time. It should be noted

that the bed may have undergone repeated cycles of scour and fill

between cross—-section measurements.
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Table 6. Incidence of gravel bed movement and net scour and
fill as indexed by cross-section measurements on
Needle, Deer, Flynn, and Meadow Creeks.2

Storm Dates_,b

; 12/°5/78 ~ 1/11/79  2/18/79
11/19/78 12/11/78 - 2/ 7/79 + 2/28/79

Plot 12/ 1/78 12/25/78 . 2/10/79 3/ 5/79
Needle 1 o o : + - + -
Deer 1 + o + - + -
Deer 2 - - -+ - o
Flynn 1 o] - + - o]
Flynn 2 o] o] + - o)
Flynn 3 o - _ + - + -
Flynn 4 o] o] + o]
Meadow 1 e + - + - o

3A (4 indicates net fill, a (-) indicates net scour, a (+ -) indicates
that the sample plot was scoured in places and filled.in places, and
a (o) indicates no measurable change.

PStorms are grouped as they occurred between sampling intervals.
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Percent fines and percent organic matter in the bed for each
sample plot Appendix F) are plotted over time in conjunction with the
Flynn Creek hydrograph record (Figures 4 through 11). The average per-

cent fines in the bed for the seven low flow montﬁs of May through
November of 1978 is plotted as "s;o'lid line terminating in tic rharks. -
Ninety-five percent confidence iimfts for the:sze'-s‘ev'éﬁ:.se-amples a'.r.'e-
plotted as dashed lines extending the length of the‘time-axis in the
graphs. Any deviation of points far outside these confidence limits

is considered to be significant temporal variation in percent fines in-
duced by high flow events. | |

Plot 1 on Needle Branch (figure 4) displays no deviafion of the
sample points outside the 95% confidence limits for the seven low
flow samples before or after the plot was moved, even though bed
movement was documented during the storms in February and March
of 1979. The first location had much larger variations in the monthly
samples of bed fines than the second, even though the two locations
were separated by a distance of only 5 m.

Plot 1 on Deer Creek (Figure 5) shows definite se;asonal variation
in bed content and a flushing of fines by high floWs . This plot was
sampled under unusual circumstances that require explanation. Plot 1
was located about 3 m below a large 109 lying across the
channel at about bankfull height. Storms in December 1977 and
January 1978 piled a large amount of organic debris behind this log and

created a debris jam. Bed sediments accumulated behind the jam and
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the stream began to divert completely around the sample plot by under-
cutting a steep cut bank about 10 m high on the far side of one of
the cross-section stakes. Since this shift of the channel was undesire-
able from a sampling standpbint, the d‘ebrisrjam was taken apart by
hand and re’m_c';ved from the channel in late January 1978. The stream
returned to its normal cfoﬁrsé'th;oﬁgh the _s-e;iniple- plot, but some of the
sediment pfeviously stored b-ehind- the debris jam settled into the
sample cross section and caused an abrupt increase in bed fines. The
fines remained at the high level throughout the summer. These circum-
stances may not be éonsidered to be.completely natural occwrrences
at this sample plot. Howéver, debris jams do naturally form and
break, releasing stored sediment to downstream areas. This sequence
of events should not be considered to be entirely artificial. The first
few storms of the second winter effectively flushed the fines from this
sample plot.

Plot 2 on Deer Creek (Figure 6) seems to e_xhibit some flushing of
fines from the bed with the large storms in February 19%9. There also
seems to be a gradual increase in fine sediment contenf in the bed over
the course of the summer low flow months.

Plot 1 on Flynn Creek (Figure 7_) shows definite flushing of fines
from the bed during both high flow seasons. A tree fell into the stream
just upstream from the sample plot during the storm of December 15,
1977. The tree diverted the water flow into the bed and caused exten-

sive scour and fill of gravel at this plot. Two large salmon were also
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observed spawning in this riffle the same month. The fine sediment
content of the bed decreased to about half its previous value when it
was sampled the next month. Fines seemed to accumulate in the bed
at the end of the first winter and were f.lushed out_ .again with the next
storm season.

Plot 2 on Flynn Creek (Figure"58_.)' -sho'v;rs; some se‘aléo'nalzvariatio'n of
fines in the bed. It seems the small stdrhs in November of 1977
flushed fines from the bed and that the larger storms in late November
and December 1977 redeposited fines in this plot.

Plot 3 on Flynn Creek (Figﬁre 9) shows sbme weak indication that
fines were flushed from the bed during both high flow seasons. - Plot 1
on Meadow Creek (Figure 11) exhibits about the same degree of flush-
ing as Plot 3.

Plot 4 on Flynn Creek (Figure 10) was located immediately up-
stream from the fish trap. Sampling of bedload transport was carried
out at this structure during storm events. The vortex bedload sampler
was installed in the summer of 1976 and boards to diréct the flow into
the concrete channel were placed in front of the fish tr'ap at this time.
Plot 4 was sampled twice before the Thanksgiving.- day storm of 1977,
which was the first storm with significant amounts of bedload trans-
port after the installation of the vortex tubg. Cross=-section measure-
ments indicated that sediment deposited in the plot to a depth of about
10 cm during this storm. The percent fines increased from about 30%

to 40% and remained at that high level until the bed was disturbed in
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September of 1978. In another study, color coded marbles had been
placed in the bed near this sample plot to document the occurrence of
gravel bed movement. The bed was partially excavated in September
1978 to attempt to recover some of these marbles. This activity is
thought to be the cause of the spuripus measuremepts .ofrbt_ained in.
September, October, and Novembef:Of 1978. -”Ir;"orde’f itb'increasé-'the
efficiency of the vortex sampler, a 5 cm high board=v-\-ras placed at the
end of the concrete channel in the fall of 1978 to-reduce the velocity of
flow through the trap. It essentially changed the base level of the
stream by 5 cm. The storm of February 18,- 1979 depositéd another
3 cm. of sediment at the plot and the fine sediment content of the bed

again leveled off around 40%.

Green Creek

Gravel bed movement with high flows, as indexed by cross=-section
measurements on five sample plots (Table 7), was much less common
on Green Creek than it was on the three other study stl.;eams . Although
the discharges for the three streams expressed on a pe'r unit area basis
are about the same, there were much smaller voluhles of flow in Green
Creek than the other streams because of the smaller size of the water-
shed. These smaller volumes of flow are less efficient in initiating
gravel bed movement than the flows on the other study streams.

The time series data for the five sample plots Rppendix G) are

presented in Figures 12 through 16. The data are presented in essentially
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the same manner as they were for the other streams with two excep-
tions. The peak dischargeson Green Creek as estimated from the crest
gage measurements are displayed in conjunction with the Flynn Creek
hydrograph. Also, only the samples for the months of May through
October could be used for the calculation of low flow means and con=
fidence limits. The November 1978 samples were taken ir:n'mediately-;
after the first small freshet of the storm season and could not be in-
cluded in the low flow data.

Plot 1 on Green Creek (Figure 12) displays some flushing of fine
sediment with the storm in early March of 1979. This was the only
storm to cause any change in the cross-section measurements at this
plot. |

Plot 2 (Figure 13) has weak indications of the flushing of fines
with the February 1979 storm. Gravel bed movement was also docu-
mented to occur at this time.

Plot 3 (Figure 14) shows little or no sign of time trends in the fine
sediment content of the bed even though bed movement.-' was documented
during the storms in February 1979. -

Plot 4 (Figure 15) displays some weak trends in fine sediment
content with time. It appears that the storm of November 19, 1979
may have caused intrusion of fines into the bed and that these fines
were progressively flushed from the bed after this point in time.

Plot 5 (Figure 16) displays little or no flushing of fines with high

flows, but it does seem to show signs of fines intruding during the

storm of January 11, 1979.
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Discussion

The time series data ciollected for this study seem to suggest that
the flushing of fines during high flows is a random event that occurs
in localized areas of the stream. The occurrence and movement of
léfge organi';c_. idebri-s;aiso seerﬁé to play an important role in influenc-
‘ing the local flovy; conditions which, in turn, affect the movement of
the bed and the flushing of fines.

By examining the interrelationships between the incidence of bed
movemenf as indexed by cross-section measurements (Tables 6 and 7)
and the time trénds in bed fine sediment -content (Figures 4 through 16),
one must conclude that the bed must move for fines to be flushed from
the gravel. In all cases where the flushing of fines was indicated by
the times series data, bed movement was indicated by the cross-
section measurements. However, the flushing of fines did not occur
in all cases of gravel bed movement.

When one examines the time series graphs, it becomes apparent
that the small storms are as effective, and sometimes more effective
than the larger storms in flushing fine sediment from the gravel bed.
This result was surprising in that the larger storms might be expected
to be more efficient in flushing fines because they cause more gravel
bed movement than the small storms. It appears, however, that the
small storms may move the gravel and redeposit it with little subse~

quent intrusion of fines during the recession limb of the hydrograph
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since there are relatively small amounts of sediment in transport. The
large storms probably cause larger amounts of bedload movement and
redeposition, but they also have large amounts of fines in tranéport.

Some of the sample piots (eg. Figures 5, 7, 9, and 13) show
trends of Inf:reasing fine sedimeént content at the end of the high flow
season a‘nd.éven on tﬁfqﬁgh‘thé émnmer_(f‘igure:s 6 and 10). These
trends are difficult to expla-iﬁ, but two possible explanations are
offered. Fine sands and smaller material can be observed moving
along the stream bed long after a storm event. This material might
continue to slowly intrude into thé bed for periods of up to two weeks
following a freshet. Thié slow intrusion process may be the reason
for the increasing levels of bed fines at the end of the first high flow
season. Some of the plots show increasing levels of fines throughout
the summer low flow months. Plot 2 on Deer Creek is a prime example
of this phenomenon. The trends may be an artificial effect of the var-
iation resulting from the sample technique since all the summer trends
are well within the variance induced by sampling alone_.:_. It may also
be possible that the sandstone rocks weather in place énd slowly in-~
crease the level of fines as measured over time. Ihe sandstone rocks
are typically incompetent and friable. Rocks breaking apart and
crumbling in place were often observed on the surface of stream beds
during summer low flow months. Dry ravel from the stream banks
during the summer months may also be a source of sediment that may

be deposited in the gravel bed. These processes might tend to cause
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a continual change in gravel bed composition during the summer low
flow period.

The time series data indicate that the percentage of fine sediment
in stream gravel beds is variable in time. This variability needs to
" be recognized and takgh into account in ariy, sampli_ng program. If per=
cent fines in the grévei is to be 'ixséd 'a'.s_-e; étream qﬁéiity 'criteriori, the
time of sampling becbmes an impormnt‘ conéidezation. It is suggested
that streambed composition be monitored over time and that special
emphasis be placed on sampling immediately after storm events. If a
stream can only be sampled oﬁce, it should‘be sampled during the low
flow period since bed composition is relétive.ly stable during this time.
However, if percent fines in the gravel is being used to index the
stream quality as a fishery resource, it should be recognized that
summer measurements of bed composition may have little bearing on
bed composition during the winter high flow months when the anadro-

mous fish eggs are in the gravel.

Temporal Variability in Percent Organic Matter

Percent organic matter content by weight waé generally between
two and eight percent on all the sample plots. There were occasional
outliers in the data, which are represented by arrows pointing beyond
the limits of the figure. These outliers were samples that included
large sticks that had become trapped in the bed and were left off the

graphs to allow for the resolution of the smaller values. There does
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seem to be a very general trend in that the percent organic matter in
most of the sample plots tends to decrease over the course of the
summer and through the winter of 1978-79.

The small cores obtained with the carbon dioxide probe may not
be large enough samples of the bed for accurately e-s:':cimatingvth'é bed
organic matter content. It has.l also been n;téd tﬁa,t the excluSioh of
rocks larger than 50.8 mm in diémeter from the samples increased the
variance of percent organic matter. Even though samples containing
these large rocks were rare, this still ma_}" have been a source of
variation. Also-, the oven in which the samples were ashed was dif-
ficult to regulate accurately. Oven temperatures began to deteriorate
in September of 1978 and might have caused the general trend in de-
creasing organic matter content in the samples after this point in time.
All these factars, and the possibility that bed organic matter content
is naturally highly variable, might explain the large amount of varia-
tion and the absence of pronounced seasonal trends in the organic

matter data.

Relationship Between Percent Fine Sediment and Organic

Matter Content

Several authors have reported strong linear relationships between
fine sediment and organic matter content in gravel bed samples.
Ringler (1970) reported that the percent organic matter by weight in

his samples was directly related to the percentage of fine sediment by
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weight less than 3.33 mm in diameter 2 = 0.56). Martin (1976) re-
| ported a strong positive correlation between the percentage of fines
by weight less than 0.25 mm in diameter and the amount of organics
in bed samples.

The relationship between percent fineg and percé.nt Qréaﬁicé for |
the time series data was determined after stratifying thé data into
several groups. Percent organics was regressed against percent fines
for the four Alsea watershed study streams for the low flow months
of May through September of 1978. A sample from Plot 1 on Deer
Creek (June 4, 1978) and another from Plot 2 on Flynn Creek (January 9,
1979) were excluded since they were extreme outliers because they
contained large sticks. The resultant relationship is illustrated in
Figure 17. Utilizing all the data for the four Alsea watershed study

streams resulted in the following relationship:

Percent organics = 0.050 (Percent fines) + 1.92 r2=0.16
Again, the same two outliers were excluded from the amlysis .

The data on Green Creek for the same five summe-r months was
analyzed in the same manner (Figure 18). An outlier collected in July
of 1978 on Plot 1 was excluded from the analysis. Using all the data
collected on Green Creek, with the exception of the one outlier, the
relationship took the form below.

Percent organics = 0.081 (Percent fines) +1.21 r2 =0.23

The above regressions and those in Figures 17 and 18 are significant
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Figure 17. Percent organic matter versus percent fine sediment, by
weight, for Alsea watershed streambed samples col-
lected May through September, 1978.
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weight, for Green Creek streambed samples collected
May through September, 1978.
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(95% CL). However, the r2 values are low, indicating large amounts
of scatter about the regression lines. The persistence of statistical
significance for the four regressions and the fact that the coefficients
for the regression equations are remarkably similar suggest that there
is a positive relationshiplbetween fine sediment and organic matter
~ content in the gravel bed, albeit a weak one. The fact that Ringler
(1970) and Martin (1976) found similar relationship fortifies this con-
clusion.

These results suggest that riffle areas with large amounts of fine
sediment in the bed might also have large amounts of deposited organic
material and relatively low intergravel dissolved oxygen levels. This
two pronged effect of increased biochemical oxygen demands due to
increased organics and low rates of intergravel flow due to increased
fines could have an important effect on egg and alevin survival within

the gravel bed.

Spatial Variability in Percent Fine Sediment

Variation Between Streams

The mean percent fines less than 1.0 mm for the 21 watersheds
sampled in the Coast Range during the summer of 1978 was 19.4%.
Percent fines had a standard deviation of 8.3% and ranged from a low
of 10.6% to a high of 49.3%. The two totally undisturbed watersheds

(samples 1 and 7, Appendix B) had average percent fines of 29.4% and
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18.7%. The undisturbed Flynn Creek watershed had the second highest
level of percent fines of all the watersheds sampled . The three water-
sheds that were uncut and only slightly disturbed by ridge roads had
average percent fines of 10.6%, 14.0%, and 13.3% (samples 4, 5, and
6; Appendix 'B)..

Comparisons were also made between the five time series study
streams. Averages were calculated for all the time series data and for
the nitrogen samples, if available (Table 8). No statistical compari-
sons were made between the streams due to the differences in sample
sizes and sampling methods at each creek. Needle Branch and
Meadow Creek (Table 8) are represented by only one sample plot in
the time series data. large differences exist in the bed composition
between the streams in both the time series data and the watershed

data collected during the summer months.

Variation Between Locations Within a Stream

Streambed fine sediment content also varys spati;ally with a single
stream. This in-stream spatial variability was the reason for the col-
lection of three bed samples in each of the strearﬁs sampled for the
watershed data. It was hoped that the three samples were sufficient
to characterize the average bed composition in the 21 sample streams.

The spatial variability of percent fines within a given stream was
determined by comparing sample plot means for the time series data

(Table 9). These plot averages were compared for both the summer low
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Table 8. Average percent fine sediment less than 1.0 mm (by
weight) for reaches of five study streams.

Time Series “Watershed Samples
Percent Percent
* Fines n Fines n
Needle Branch 24.7 19 12.9 3
Deer Creek 29.2 28 16.4 3
a b
Flynn Creek 22.1 57 29.4 6
Meadow Creek 32.1 19 - -
Green Creek ’ 24.7 75 - -

3Pplot number 4 on Flynn Creek was excluded because it was under
the ponding influence of the fish trap and the bed composition at
this plot is not considered to be representative of the stream as
a whole.

bSample number 1 on Flynn Creek (Sample 1, Appendix A) was ex~
cluded for the same reasons as above.
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Table 9. Average percent fine sediment (by weight) less than 1.0
mm for sample plots, time series data.

o All data Low flow data®

Plot . . Avemge n Average n
‘ Needle 1 g 19 24.1 7
Dee_"r--l | 36.1 19 46.1 7
Deér 2 14,7 9 17.3 4
Flynn 1 le.4 19 21.2 7
Flynn 2 22.0 19 23.9 7
Flynn3 - 27.9 19 34.0 7
Flynn 4 39.4 19 - 40.2 7
Meadow 1 32.1 19 36.8 7
Creen 1 32.6 15 36.5 6
Green 2 18.6 - 15 21.3 6
Green 3 29.1 15 29.6 6
Green 4 | 22.7 15 22.3‘_ 6
Green S 20.5 15 20 4 6

aPor Needle, Deer, Flynn, and Meadow Creeks, low flow data was
taken from May through November, 1978. For Green Creek, low
flow data was taken from May through October, 1978.
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flow data and all the data for each plot. Statistical tests for the dif-
ference in the means between plots on the same stream were conducted
(95% CL).

There were significant differences in percent fines between plots
: .;'.1 and 2 on Deer Cx_‘éek for bq;h thellow‘flow and total data sets, even
fhough th; t'WOLb_l_o-ts-are sepé}éted by a distance of only 10 m.
The average pe'x;cént'fines for these two plots, using all the data, are
14.7% and 36.1%. Approximately three-fourths of all the other compari-
sons made between samplé plot means on the same stream indicated
significant djfferences in percent fine sediment content in the beds
(95% CL). This spacial variability may occur over a very small area
within the stream, as documented by the differences in the two plots
on Deer Creek.

As a result of the large spatial variability in percent fines within
a channel, a large number of samples may be needed to adequately
characterize the bed composition of a stream. If percent fines in the
gravel is to be used as a stream quality criterion, speéific sampling
designs will have to be implemented if reliable mea suréments are to

be obtained.

Varia Within a Riffle

The percent fines and percent organics for 16 samples obtained at
a single riffle in Flynn Creek are shown in Table 10. There are statis=-

tically significant {95% CL) changes in bed composition in that the
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Table 10. Percent fine sediment less than 1.0 mm and percent
organic matter, by weight, fora 1.44 m2 riffle at
Flynn Creek.2/P

Columns Row
Rows _ 1 2 3 4 Averages
1 Percent Fines o 26.7 21.7 16.7 15.5 20.2
Percent Organics- 3.9 3.6 3.1 3.2 3.5
2 Percent Fines 27.4  20.4  18.8  16.0  20.7
Percent Organics @ 3.4 3.2 3.2 3.5 3.3
3 Percent Fines 32.7 23.7 21.8 18.6 24,2
Percent Organics 3.2 3.2 3.3 3.2 3.2
4 Percent Fines 31.7 23.9 23.3 16.1 23.8
Percent Organics 3.6 - 3.4 3.1 3.0 3.3
Column Averages
Percent Fines 29.6 22.4 20.2 16.6
Percent Organics 3.5 3.4 3.2 3.2

aColumns represent locations across the stream whereas rows repre-
sent locations in a downstream direction.

bSamples ashed at 350°C for organic matter analysis
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percentage of fine sediment increases slightly in the direction of the
flow and there is an even greater increase perpendicular to the direc-
tion of flow. No significant changes in organic matter content occurred
in either the rows or columns.

It is doubtful that the same trend in percent fines would be de~
tected inall other”rifﬁes at Flyin_n: Creek Time liﬁ'itati;ns allowed for
intensive sampling ‘of only one riffle-; waever, this analysis does
indicate that there may be significant differences in percent fines even
within a particular spawning riffle. This third type of spatial variabili=-
ty further complicates sampling design. When only one sample was
obtained at a given stream reach, the sample was taken in the center
of the stream. This procedure was used for the collection of liquid
nitrogen cores on the 21 sample streams.

During the collection of times series samples, the two samples
on each plot were taken either from the middle of the bed or one sample
from each side of the bed. Similarly, both samples were taken at the
cross=-section tape, or one upstream and one downstreém from the
tape. Hopefully, this spatial staggering of the frozen.cores would

balance any systematic changes in percent fines within a sample plot.

Discussjon

Between stream, within stream, and within riffle variations in
percent fines create problems in characterizing the composition of a

stream bed. If possible, several samples should be taken within each
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riffle area. This high amount of natural variability might be used as
an argument against the use of percent fines in the gravel as a stream
quality criterion.

The causes of these three types of spatiai vafiability are specu-
lative. Between streams in the Qoast Range, it wo.ui'ld seem t_hat dig_
ferences in erosion rates and :sediment del';véryl_t_h;e $ize and‘l éémposi_
tion of gravel substrate and firfe sediments, and>the ﬁydraulic conditions
of streamflow might cause differences in percent fines. For a given
stream, differences in gravel substrate composition and hydraulic
conditions of streamflow might be the major causes of variability in
bed composition. It is alsé possible that the amount and size compo-
sition of fines in transport might change over a reiatively short reach
of channel. Within a single stream riffle area, it would seem that the
changes in the hydraulic conditions of flow across the riffle would be
the primary source of variation in bed composition. It might also be
expected that the bed substrate and rates of sediment transport might
vary across a given riffle area and cause changes in the amount of fine
sediment in the gravel. For example, when sampling Bedload transport
during high flows with Helley=-Smith hand-held bedload samplers, it was
noticed that the rates of transport of fine sands was highly variable
across the stream cross section (Bill Jackson, 1979. School of Forest-
ry, Corvallis, Oregon, Personal communication). Transport of these
sands was often concentrated in one or two areas of the stream bed.

This concentration of sediment transport in certain lateral segments of
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the stream may be a major factor contributing to the variation of fine

sediment content within a riffle area.

Factors Affecting Gravel Bed Composition -

At least three liquid nitrogen frozen c__:.ores were obtained on each o
of the 21 Coast Range streams sampledlduring the sdmﬁef '§f :1978. Thél -
cores were taken to a depth of about 40 cm and were stratified vby depth.
The fine sediment content in each sample was determined for each
depth strata, but only the top 25 cm of the bed is considered in this
analysis. A sample depth of 25 cm was chosen for consistency with
the time series data and the fact that this is the approximate depth to
which anadromous fish deposit their eggs.

Three analyses were performed with these data. The first used
all 67 individual samples. The second analysis used averages for the
dependent and independent variables collected on each of the three
stream sample plots. Finally, the seven samples collected on Flynn
Creek were analyzed.

Multiple linear regressions were used to model the percent fines
in the stream bed as a function of several indepeﬁdent variables. A
model was chosen for each data set by examining the multiple coeffi-
cients of determination and the significance of both the overall
regression and independent variables. When the final model was
chosen, scattergrams of percent fines vefsus the independent variables

were investigated to see if linear relationships existed and if all the
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assumptions necessary for the development of the model were met.

Also, residual plots for each independent variable were examined to

see if any transformations were appropriate. In all cases, the as-

sumptions of normality and linearity were met and no da;é transforma- .

tions were needed. Analysis of variance tables for eéch model aré in

Appendix H.

Model 1 - Individual Sample Plots

The 67 individual samples Appendix A) were used to develop the

first model. The independent variables are listed in order of decreas-~

ing significance:

Percent Fines = 53.04 (Constant, %)
-1.38 {Average watershed slope, %)
+0.03 (Watershed area, ha)
(1) +0.24 (Percent Area Time Factor, %)
-9.05 (Road density, km/km?) :.
+50.05 (Watershed relief ratio, =)
Critical t (% =0.05, d.f. = 61)

R2=0.54

t=value
9.43

-7.72
3.73
3.32

-2.79
2.41

+2.00

Model 1 accounts for 54% of the total variance in percent fines and is

statistically significant (95% CL). It is interesting to note that three

watershed variables and two land use variables are significantly related

to the percentage of fine sediment in the gravel whereas none of the
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in-channel variables were significant predictors of percent fines. This
fact would suggest that bed composition is controlled by the geomor-
phology and the land use history of the watershed. Although the inter-
pretation of coefficients in muitiple linear regression equations is
sometimes tenuous when several variables are used, the significé-_&
variables often identify factors which, in this case, may cause:varia—
tion in bed fines. The coefficients in Model 1 suggest that percént
fines in the gravel increase with increasing watershed area, Percent
Area Time Factor, and watershed relief ratio. Percent fines is seen to
decrease with increasing average slope and road intensity.

The interpretation of the coefficient for the road density variable
raises a difficult question about the model. .The majority of research
shows that increasing road densities on a watershed generally increase
the rates of erosion and sediment delivery to the stream which may ul-
timately increase the level of fine sediment in the gravel bed. Model 1
seems to predict that just the opposite will occur; increasing road den-
sities would decrease the fine sediment content of the:.:bed. Perhaps
an interaction between watershed area and road densit§ exists and this
interaction produces the negative coefficient. Hdwever, the fact that
both of the variables are statistically significant indicates that they
each supply independent information to the model. Essentially, there

seems to be no rational explanation for the negative road density coef-

ficient in Model 1. The negative sign for this coefficient was especially
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difficult to interpret when compared with the positive Percent Area Time

Pacfor coefficient, which also includes road density.

Model 2 - Watershed Averages

The second model was developed by regressing the average per-
cent fines for each stream against the average values of the independent
variables (Appendix B) collected on each watershed. Again, the inde-

pendent variables are listed in order of decreasing significance:

t~values
Percent Fines =  41.94 (Constant, %) 5.30
-1.23 (Average watershed slope, %) -5.14
40.03 (Watershed area, ha) 2.83
(2) +68.89 (Watershed relief ratio,~) 2.79
+0.06 (Percent Area Time Factor, %) 2.55
Critical t (<%=0.05, d.f. = 16) +2.12

R%=0.66

The overall regression and the four independent varia bies are all sig-
nificant (95% CL). The model accounts for 66% of the variance in
percent fines for the 21 streams. The higher R2 Vélue for Model 2 as
compared with Model 1 suggests that the procedure of averaging the
three samples on each stream reduces the variance in the estimate of
percent fines in the gravel. Three watershed characteristics and one
land use variable wer.e found to predict percent fines. Again, percent

fines in the gravel seems to increase with increasing watershed area,
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watershed relief ratio, and Percent Area Time Factor, and decrease with
increasing average watershed slope. The road density variable was not
significant in this model. In both Models 1 and 2, average watershed
slope is the most significant independent variable. A scattergram of
pex;cent fines versus average watershed slope for the 21 watersheds is
illustrated in Figure 19.

No in-channel variables were significant predictors of percent
fines in either of the two models. All the significant variables were
indicators of watershed characteristics, rather than channel character=-
istics. However, the three significant wate;shed variables undoubtedly
play e; major role in determining the channel characteristics within a
particular reach of stream. Averaging the values for several plots in
each stream reduces the variance in the measure of percent fines by
accounting for some of the spatial variability. As a result, Model 2
has a higher R2 value with one less independent variable than Model 1.
For these reasons, Model 2 is considered to be the superior model in
terms of quantitatively describing the set of data colle"cted on the 21
watersheds. Model 2 further illustrates that the perce.ntage of fine
sediment in the gravel bed is influenced by both the geomorphology and

land use history of the watershed.

Models 3 and 4 - Flynn Creek Samples

It was originally hypothesized that in=-channel variables would

have an important effect on bed composition. However, none of these
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variables were significant in the first two models. The seven samples
on Flynn Creek offered a unique chance to test for the effect of in-
channel variables while holding all the land use_and watershed var-
iables constant. Percent fines for these seven samples (No. 1 through
7, Appendix A) were regressed a>ge:_:1-inst the fivg in-qhe;nnel variables .

measured at each plot. Two models were devéiope_d:

. _ : t- value

Percent Fines = =-31.04 (Constant, %) _ -2.06
+27.02 (Sinuosity, =) 2.09
(3) +35.22 (Bankfull sfage, m) | 1.34
Critical t (¢=0.05, d.f. = 4) 12.78

R2=0.82
Percent Fines = -24.94 (Constant, %) -1.62
(4) +38.83 (Sinuosity, =) 3.79
Critical t (=10.05, d.f. = 5) +2.57

r2=0.74

Both of the overall regressions are significant (95% Cl), however,
the sinuosity term in Model 4 is the only significant ir;dependent var-
iable in either model. Both independent variables in Model 3 are non-
significant (95% CL) despite the significance of the overall regression.
The high coefficients of determination (0.82 and 0.74) suggest that the
variables of bankfull stage and sinuosity may affect the composition of
the stream bed. However, the small sample size used in model de-
velopment might limit the validity of this conclusion. The fact that

neither of the variables are significant when they are both in the
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equation suggests that there is some interaction between them. Ac~
cording to Model 3, percent fines in the bed increases with increasing

sinuosity and bankfull stage.

Discussion

The amount of fine sediment in a stream bed seeme to be deter-
mined in large part by the intrinsic characteristics of the watershed,
such as area, slope, and relief. In both Models land 2, slope and
watershed size were the two most significant factor.e in predicting the
percentage of fine sediments in the bed. The fact that percent fines
increases with the area of the watershed suggests that the amount
of fines in the bed of a stream will generally increase in going from
the headwater streams down to the second and third order streams.
This conclusion agrees well with observations made in the field.

The difference in the signs for the slope and the relief ratio co-
efficients in Models 1 and 2 is difficult to reconcile. A possible
explanation is that these two variables represent entirely different
ways to quantify the landform of a particular watershed. Average slope
is a variable that applies to the entire watershed.: The relief ratio
only quantifies the area along the straight line from the mouth to the
highest point on the watershed.

The significance of the Percent Area Time Factor in both models
for the 21 streams suggests that the combined effects of road con&truc-

tion and forest harvesting may affect gravel bed composition. The
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positive sign for this land use variable is interpreted as meaning that
higher road densities and larger clearcuts 'tend to increase the amount
of fines in stream gravel beds. The fact that the other land use var-
iables, particularly the percentage of the watershed harvested, were
notl significant implies that this increase in levels of bed fines ac-
companying forest harvesting activities is not a permanént change.
The Percent Area Time Factor was designed to account for the eventual
return of bed fines to background levels with time after disturbance.
The flushing of fines from the bed with high flows as documented with
the time series data undoubtedly plays an important part in this process.

Within a particular stream, the amount of fine sediment in the
gravel bed is con&olled largely by the hydraulic conditions of flow as
indexed by sinuosity and bankfull stage in Model 3. Changes in
sinuosity could have a large influence on the depth and velocity of the
flow. Both of these factors are taken into account by the Froude num-
ber, which has been found to influence the intrusion of fine sediment
into gravel beds (Beschta and Jackson, 1977).

Bankfull stage was a statistically insignificant véria ble in Model
3, but its presence improved the total explained variance in compari-
son to Model 4. Stream channels grade or degrade in response to high
flows and bankfull stage is an approximate measure of water depth
during these high flow events. The positive coefficient for the bankfull
stage variable in Modél 3 suggests that the percentage of fine sediment

in the bed increases with increasing water depth. Similarly, Einstein
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{1968) found that the deposition of fine sediment in a gravel bed in an

artificial channel also increased with increasing water depth.

Percent Fine Sediment in the Oregon Coast Range

Characteristic or representative levels of fine sediment in g—ra_vel
beds of streams in the Oregon Coast Range are difficult to determir:lé .
The five undisturbed drainages sampled during the summer months had
percent fines ranging from 10.6% to 29.4%. These large amounts of
natural background variation prohibit making precise estimates of
natural levels of fines. The data suggest, however, that streams not
impacted by road building and forest harvesting activities should have.
percent fines within the range of 5% to 30%.

The supply of fine sediments in the Coast Range seems to be suf-
ficient in most streams to completely fill most intergravel pores. large
open intergravel pore spaces, recognizeable as frozen intergravel
water in the sample cores, were not common in samples collected
during this study. However, clean pore spaces were r;oticed in sample
cores immediately after high flow events. The inciden.ce of intergravel
pore spaces in the time series samples was alwayé accompanied by a
decrease in fine sediments at that sample plot. However, the inter-
stices of most stream gravel beds in the Coast Range seem to fill with
fine sediment by the summer months.

In the Coast Range, the size distribution of the fines and the bed

into which they are intruding are such that fines apparently settle to
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the bottom of the bed without forming a sand seal at the surface. Any
paucity in the supply of fines available for intrusion would thus result
in clean interstices in the upper portions of the bed.

Since most of the gravel beds in Coast Range streams appear to
be "saturated” with fines., it is possible that the percentage of fine
i sédiment is influenced by the size distribution of the gravel substrate.
For an ideal sample of uniform spherical particles with an open packing
arrangement, it may be shown that porosity is independent of particle
radius. However, the frozen cores do not represent ideal samples,
nor are the rocks uniform spherical particles. larger rocks often ex-
tend beyond the frozen front of the core. Thus, the size distribution
of the gravel substrate might influence the measure of percent fines in
the frozen core samples. This effect may be reduced, but not elimi-

nated, by the exclusion of rocks larger than 50.8 mm in diameter.
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V. CONCLUSIONS AND RECOMMENDATIONS

The amount of fine sediment in stream gravel beds is highly vari-

- able in time and space. The temporal variability in bed fines is

- lar._g.ely a result of high streamflow events. Fine sediments are flushed

from the gravel during periods of gravel bed movement induced by high
flows. The net flushing of fines appears to occur randomly and not
throughout the entire length of stream with every freshet.

Percent fines was found to vary between streams, between riffle
areas in the same stream, and within the same riffle. These differences
in bed'fines may be due to differences in the size composition of the
gravel substrate and fines, the supply of fines to be intruded into the
bed, and the hydraulic conditions of flow.

On a watershed basis, percent fines seemed to be influenced by
the geomorphological characteristics of the watershed and its land use
history. Multiple linear regression analysis indicated that percent
fines was related to the average watershed slope, watershed area,
relief ratio, and the Percent Area Time Factor.

For a single stream sampled at several locat;ons, the amount of
fine sediment in the bed was related to the stream sinuosity and bank-
full stage. Thus, within a given stream, percent fines seems to be
influenced by the hydraulic conditions of flow and water depth during
high flow events.

The large amount of background variation in levels of intergravel

fine sediment precludes the pinpointing of representative levels of
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percent fines; gravel bed fine sedime‘nt content for undisturbed Coast
Range streams ranged from about 10% to 50 %.

There are largé regional differences in streambed and sediment
morph_ology and the application of similar percent fines criteria to all
. regi'ons-‘_;/\(ould'seém i‘napprbpriate. The large levels of background
variation in this parameter also indicate that sampling error may be a
major problem. Streams should be sampled through time and on an event
basis, if possible. Sample sites should be selected on bed riffle areas
_suitable as spawning sites for anadromous fish and several riffles
should.be sampled in each stream. Standards should be set for lab
analysis techniqﬁes and the fine sediment content of a bed should be

expressed in a consistent manner so that comparisons can be made.

Management Implications

Regression analysis and field observations suggest that gravel
bed composition may be influenced by road construction and forest
harvesting activities. Increased road densities and la:rger clearcut
areas within the watershed might lead to higher levels .of fine sedi-
ment within the gravel bed. However, due to the .large amounts of
background variation in bed composition between streams, percent
fines is not a sensitive measure of the land use in a watershed. That
is not to say, however, that bed composition is not affected by road
construction and forest harvesting activities. Since fine sediment is

flushed from the gravel with high flow events, increases in levels of
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bed fines after disturbance are often temporary if the increased sedi-
ment inputs are curtailed. Continued disturbances, however, might
cause sustained high levels of bed fines.

The conclusiqn that forest harvesting activity increases the levels
of fine-éediment ‘within_ stream gravel beds is consistent with earlier
;étua'iéé (Burns, 1970; 1-972,- Ringler, 1970; Moring and Lantz, 1974;
PLat';:'s and Megahan, 1975). If the objective of a land manager is to
harvest timber on a watershed with minimal impacts on the stream en-
vironment, erosion and the entry of fine sediment into the stream system
must be rﬁiMmized. Precautions for minimizing stream impacts have
been docurhented (Brown 1972; Moring, 1975b; Oregon State Department
of Forestry, 1978). These methods include limiting machine activity
in or near the streém channel, minimizing disturbance to the stream i:ed
and banks, minimizing road density, suspending the front end of the
log during yarding, and many other precautions that will limit the ero-

sion of soil and the entry of sediment to the stream.

Recommendations for Future Research

The measurement of percent fines may be influenced by the size
distribution of a gravel bed substrate. Therefore, percent fines (by
weight) in the sample may not be an accurate estimator of the reduc-
tion in water filled pore space caused by the addition of fine sediment.
Since it is the amount of water filled pore space that is important for

fisheries considerations, the relationship between percent fines and
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available pore space needs to be investigated. Estimates of the water
filled pore space in the gravel bed are easily obtainable with the
frozen core .sa_mpling technique. Perhaps an estimate of water filled
pore space might be a more useful stream quality criterion than percent
| ;.-fi‘nes in thel grav_egll _'

Mox;-va:ihté;rl_sive monitofi.n;g of bed con;position of streams draining
propo.sed timbér sale areas needs to be cohducted to quantify the
effects of cléarcutting and road construction on the amount of fine
sedime_ht in the bed. A before and after approach may lend itself to
more definite conclusibns than sampling streams draining roaded and
ciearcut watersheds after the féct. Pérha ps a variety of both road de-
sign and construction techniques and logging methods could be monitored
to assess the impacts of different techniques. Since large temporal
variation in percent fines was documented in this study, the streams
should be sampled at least on a monthly basis.

The model for percent fines developéd from the seven samples on
Flynn Creek (Model 3) has a relatively high R? value @.82). The small
sample size, however, limits the validity of the conclﬁsions drawn
from the model. A larger sample size, collected over a wider range of
bed composition in Flynn Creek, might be used to verify the model and
obtain additional information. A more intensive study within one
stream might yield further information relating to the importance of
various in-channel characteristics in influencing gravel bed compo-

sition.
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APPENDIX A
STREAMBED , CHANNEL, WATERSHED, AND IAND USE CHARACTERISTICS

FOR 67 LIQUID NITROGEN CORES, OREGON COAST RANGE.

- Column : . _
‘Identification = . "~ .. Vairable Description

Sample I. D.

Percent fines (1.0 mm exc. rocks larger than 50.8 mm)

Percent fines (1.0 mm inc. rocks larger than 50.8 mm)

Percent fines (2.0 mm exc. rocks larger than 50.8 mm)

Percent fines (2.0 mm inc. rocks larger than 50.8 mm)
" Percent fines (0.84 mm exc. rocks larger than 50.8 mm)

Stream order

Watershed area (ha)

Bankfull stage (m)

Stream cross-sectional area at bankfull stage (mz)

Width=-depth ratio

Stream gradient (%)

Sinuosity

Watershed relief ratio

Average watershed slope (%)

Watershed sediment yield ranking

Road density (km/km%)

Amount of watershed harvested (%)

Percent Area Time Factor (%)

Amount of direct stream disturbance (%)

Armor layer average diameter (cm)

Average log transformed armor layer diameter (cm)

Channel stability rating '

Basalt present in stream (yes=1l, no=0)

large scale mass movements (yes=1, no=0)

Private timber holdings (yes=1, no=0)

Index of uniformity
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Appendix A. (Continued)
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Appendix A. (Continued)
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APPENDIX B

AVERAGE STREAMBED , CHANNEL, WATERSHED, AND IAND USE

CHARACTERISTICS FOR 21 WATERSHEDS, OREGON CQOAST RANGE.

(The same column identifications apply as inAppenc;’ix A)
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APPENDIX D
PERCENT OCRGANIC MATTER (BY WEIGHT) OF FROZEN CORE SAMPLES

ASHED AT 310°C AND 550°C

Percent Percent i Increase in

Sample Organics Organics Percent
Number at 310°C at 550°C Organics
1 3.4 5.4 2.0
2 4.7 7.0 2.3
3 2.4 4,1 1.7
4 2.4 4.6 ‘2.2
5 3.1 5.3 2.2
6 2.8 5.5 2.7
7 2.7 4.5 1.8
8 2.7 5.1 2.4
9 2.9 .8 2.9
10 2.9 5.4 2.5
11 6.5 9.0 2.5
12 2.6 5.5 2.9
13 . 2.5 4.8 2.3
14 2.5 4.7 2.2
15 2.8 5.8 2.7
16 2.9 5.9 3.0
17 6.6 8.9 2.3
18 3.5 5.6 2.1
19 3.0 5.1 2.1
20 3.7 6.2 2.5
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APPENDIX H

ANALYSIS OF VARIANCE TABLES FOR MODELS 1 THROUGH 4
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. Degrees of Sum of Mean

Model. Source freedom Squares Square
;1, Total 66 6831.38 103.51
Regression 5 3666.98 733.40

Error 61 3164.41 51.88

2 Total 20 1386.26 69.31
Regression 4 914.62 288.66

Error 16 471.64 29.48

3 Total 6 952.32 158.72
Regression 2 782.99 391.49

Error 4 169.33 42.33

4 Total 6 952.32 158.72
Regression 1 706.58 706.58

Error 5 245.74 49,15



