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INTRODUCTION

The effects of timber harvesting upon sediment production
~are important to land managers in the Pacific Northwest. In
western Oregon, first-, second-, and third-order streams drain
more than 80% of the commercial forest land area [Harr,
" 1975]. Many of these second- and third-order coastal streams
.are spawning and rearing areas for both resident and ana-
.dromous fish species. Increased sedimentation in small moun-
tain streams may have a detrimental impact on fisheries by
clogging gravels and reducing survival rates following spawn-
ng. Indirect effects may be an alteration of invertebrate popu-
| lations, of primary productivity, or of channel characteristics
(habitat). The effects of increased sedimentation upon fish and
- other organisms have been reported by Brusven and Prather
. [1971], Koski [1972], Gibbons and Salo [1973), Moring and

B Lantz [1974], and Iwamoto et al. [1978]. Timber-harvesting
£ practices which alter the stream environment through in-
- creased sedimentation can directly affect the biological com-
b ponents of the stream system as well as downstream water
b quality and beneficial uses. '

Forest operations, such as road building, timber yarding,
and slash disposal, can have a major impact on erosion in
mountainous terrain. On steep hillslopes of the Pacific North-
E west, mass soil movement is the dominant mechanism of sedi-
- ment transport to stream channels. Road construction, in
particular, may cause marginally stable slopes to fail. For
example, Swanston and Swanson [1976] found that debrjs ava-
lanche erosion associated with roads was 25-340 times greater
t than debris avalanche erosion in unroaded, forested areas. The
s removal of forest vegetation may cause a reduction in rooting

] strength and alter the hydrologic regime of a site. Yarding and

§ ' slash disposal may also significantly affect surface soil charac-
B teristics and increase surface erosion rates. Although not all

- forest-harvesting operations accelerate erosion, the potential
- often exists in steep terrain.

THE ALSEA WATERSHED STUDY

The Alsea watershed study began in the fall of 1958 and
- continued for 15 years. Three experimental watersheds about
- 25 km southeast of Newport, Oregon (Figure 1), ranged in size
§ from 75 ha (Needle Branch) to 304 ha (Deer Creek). Flynn

Creek, the control watershed, covered 202 ha.
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Suspended sediment production after road construction, logging, and slash disposal was significantly
increased (P = 0.95) on two watersheds in Oregon’s Coast Range. A 25% patch-cut watershed showed
increases during 3 of 8 posttreatment years. These increases were caused primarily by mass soil erosion
from roads. Monthly sediment concentrations before the occurrence of the annual peak flow were
increased more than those following the annual peak. Surface erosion from a severe slash burn was the
primary cause of increased sediment yields for 5 posttreatment years on a watershed that was 82% clear-
cut. Monthly sediment concentrations were generally increased throughout the winter runoff period on
this watershed. The flushing of suspended sediment in Oregon Coast Range watersheds is apparent from
seasonal changes of suspended sediment rating curves.

Logging roads were constructed into Deer Creek and
Needle Branch between March and August 1965. Logging
began the following year in March and was completed by
November 1966. Approximately 82% of Needle Branch was
clear-cut, of which 5% was in roads and landings. No buffer
strip was left along the stream channel, and no effort was made
to protect the stream during yarding activities. Deer Creek was
25% patch-cut, including 4% (11 ha) for roads and landings.
The three patch-cut units on Deer Creek were about 25 ha in
size. High-lead cable yarding was used on both watersheds,
although some tractor skidding was done on the lower por-
tions of Needle Branch. Buffer strips of overstory forest vege-
tation extending 15-30 m from the stream were left on the
two lower patch-cut units in Deer Creek to provide shade to
the stream and to prevent changes in water temperature. A
secondary benefit was the prevention of channel and soil dis-
turbance along the stream during logging activities. Slash on
Needle Branch and the lower patch-cut unit of Deer Creek was
burned in October 1966. The two upper patch-cut units of
Deer Creek remained unburned. The lower Deer Creek burn
was light, but the slash burn on Needle Branch was severe,
exposing mineral soil throughout much of the watershed. A
more detailed description of watershed characteristics and
treatments is given by Brown and Krygier [1971] and Moring
and Lantz [1975].

Although the determination. of changes in sedimentation
after logging was a major objective of the Alsea watershed
study, other hydrologic and biologic impacts have been re-
ported. These include stream temperature [Brown and Krygier,
1970], low flows [Harr and Krygier, 1972], nutrient losses
[Brown et al., 1973}, and peak flows [Harr et al., 1975]. Moring
and Lantz [1975] summarize the biological studies. The effects
of forest-harvesting operations on several of these variables
have been further summarized by Brown [1972], Harris [1973,
1977], and Moring [1975a, b].

A classical paired watershed study assessed changes in hy-
drologic and biologic conditions on the treated watersheds.
The effects of road construction and logging upon sediment
production for the first 4 water years (WY) after treatment
(1966-1969) have been previously reported by Brown and Kry-
gier [1971] and Harris [1973]. These preliminary assessments
show significant changes in annual sediment yields as a result
of treatment. An additional 4 years of posttreatment data have
provided further insights concerning the temporal patterns of
sediment production from wild land watersheds. The purpose
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Fig. I. Location of the study watersheds in western Oregon.

of this paper is to identify and evaluate from posttreatment
data both annual and seasonal changes in sediment produc-
tion. A long-term perspective is fundamental to evaluating
impacts and to understanding the relative importance of vari-
ous erosional processes.

The monthly and annual suspended sediment concentra-
tions and water discharges used in this analysis were obtained
from published U.S. Geological Survey data. Depth-in-
tegrated samples had been collected at daily or more frequent
intervals during periods of high flow. Simple linear regression
techniques were used to develop pretreatment prediction equa-
tions and 95% upper confidence limits (95% CL) about the
regression [Ostle, 1963]. Posttreatment regression equations
were not computed and tested against pretreatment relation-
ships because of posttreatment time trends in the response of a
watershed to forest harvesting. Increases in sediment yields (as

well as other hydrologic responses) resulting from a land treat--

ment usually decay toward pretreatment levels with time. Thus
a comparison of pretreatment and posttreatment equations
may not indicate significant changes throughout the entire
posttreatment period.

RESULTS

During the 15-year study, annual suspended sediment yields
from the untreated Flynn Creek watershed ranged from 18 to
433 t km~2 and averaged 98 t km~2. Average annual sediment
yields for each watershed are shown in Table 1. During the
pretreatment period, average sediment yields from Needle
Branch were approximately one-half those from Flynn Creek
or Deer Creek. Annual sediment yields, however, do not fully
illustrate the variability of yield from watersheds of Oregon’s
coastal mountains. For example, instantaneous peak flows

TABLE 1. Average Annual Sediment Yields of the Alsea Study Watersheds

Flynn Creek Deer Creek Needle Branch
Untreated, 25% Patch-Cut, 82% Clear-Cut,
Period Water Years tkm~2? tkm™2 tkm-2
Pretreatment 1959-1965 102 97 53
Posttreatment 1966-1973 95 136 146
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Fig. 2. Average monthly suspended sediment yield and water dis-
charge of the untreated Flynn Creek watershed over a 15-year period
(1959-1973 WY).

from the two largest storms recorded on Flynn Creek, on
January 28, 1965, and January 11, 1972, were 3.9 m® s~.
During the 3-day period of high flows associated with the 1965
 and 1972 storms, 308 and 224 t km~2 of suspended sediment,
-respectively, were transported out of the watershed. Together,
these two storms account for 36% of the total 15-year sus-
pended sediment yield from the Flynn Creek watershed and
over one half of the average suspended sediment yield for
January. The distributions of average monthly sediment yield
and water discharge are illustrated in Figure 2. The influence
of the two large January storms is apparent. Precipitation
averages 250 cm annually on these watersheds, nearly 90%
occurring from November through May.

Posttreatment sediment yields for Deer Creek, in relation to
: the undisturbed Flynn Creek watershed, are shown in Figure
f . Water years 1966, 1967, and 1972 have significantly in-
creased sediment yields (95% CL). The large response in 1966
is primarily a result of road construction and a subsequent
mass failure into the headwaters of Deer Creek [Brown and
Krygier, 1971]. The significant increase in 1967 may be a result
of sediment that had been deposited in the channel the pre-
ous year. In 1972, several road-associated mass failures oc-
curred within the uppermost patch-cut unit of Deer Creek. In
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»Fig. 3. Increases in annual suspended sediment yield after road
b~ building and 25% patch-cut logging on Deer Creek watershed.
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Fig. 4. Increases in annual suspended sediment yield after road

building and 82% clear-cut logging on Needle Branch watershed.

addition, another road-caused mass failure occurred on an
uncut portion of the watershed, and several smaller nonroad
failures occurred within the cut unit located in the north-
eastern portion of the watershed (Figure 1). A large propor-
tion of the increases shown for the 1972 WY occurred during
the large January storm.

The pattern of increases in annual suspended sediment yield
after treatment is considerably different for Needle Branch
(Figure 4). An apparent increase in sediment yield for Needle
Branch in the 1966 WY (the first year after road construction)
is not a significant change (95% CL) from the pretreatment
relationship. However, significant increases did occur during
the next 5 years (1967-1971 WY). A fivefold increase in sedi-
ment yield was measured in the 1967 WY, the first year after
logging and burning of slash. Although much of this increase
has been attributed to the severe slash fire and exposure of
mineral soil [Brown and Krygier, 1971], the effects of logging
along the channel are another possible cause of increased
sedimentation. During successive years, sediment yield in-
creases show a general decline toward pretreatment levels. The
response of Needle Branch to the January 1972 storm was
much less than that of Deer Creek.

- Annual streamflow increases of 3% for Deer Creek and 26%
for Needle Branch were measured during the postireatment
period. Because sediment yields are computed as the product
of two variables (water discharge and suspended sediment
concentration), the increased streamflow after treatment, par-
ticularly for Needle Branch, may have caused the increase in
annual sedimentation yields without significantly affecting
concentrations. To test this hypothesis, annual discharge-
weighted concentrations of suspended sediment were com-
puted for each watershed by dividing total sediment yield by
total discharge for -each year. A comparison of pre-
treatment regression equations with posttreatment data for
Deer Creek showed that the same 3 years that had significant
increases in yield (1966, 1967, and 1972) had significant in-
creases (95% CL) in mean concentrations (Figure 5). Similarly,
those years that showed significant yield increases on Needle
Branch (Figure 4) also showed significant concentration in-
creases (Figure 6), with a single exception. In the 1970 WY the
mean concentration showed no significant change, but the
annual suspended sediment yield did.

The temporal variability of sediment production resulting







