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ABSTRACT Suspended and bedload sediments were sampled from
1958-1988 on three small watersheds in the western Cascade Range in Or-
egon. Annual sediment yields varied greatly among watersheds, and the
pattern of long-term sediment production reflects their timber harvest and
mass movement histories. Total yields from 1958-1988 were 5100 t kmin
the clearcut watershed (WS 1), 21000 t km2 in the patchcut watershed with
roads (WS 3), and 800 t km™ in the forested control (WS 2). More than
85% of the total sediment yield in WS 3 occurred during a storm in 1964
when a series of debris flows scoured the channel to bedrock. Excluding
that event, post-logging annual export from WS 1 has been more than twice
that from WS 3. The importance of episodic mass erosion events in this
landscape limits the effectiveness of small-watershed studies for analyzing
long-term sediment yields.

INTRODUCTION

Some of the world's largest and most productive temperate forests grow in the steep moun-
tains of the US Pacific Northwest. Timber harvest has been the primary land use in this area
for 100 years. Of major concern is the potential for harvest activities to increase sediment
erosion, with consequent effects on water quality, channel stability, and riparian ecosys-
tems. These concerns are compounded by prospects of interactions between changing land
use and changing climate in the next several decades.

A series of small-watershed experiments was initiated on the H.J. Andrews Experi-
mental Forest in western Oregon in the 1950s to examine the hydrologic, geomorphic, and
biologic effects of timber harvest. When both land use and climate may be changing rapidly
and interactively, these long-term sites represent important repositories of information on
natural and human-induced variation in watershed behavior. This paper describes a 30-year
history of sediment production, both bedload and suspended load, from three small water-
sheds with different road and forest cutting treatments. Although the sedimentation history
for the first few years after treatments has been reported for these watersheds (Fredriksen,
1970) along with bedload production through 1978 (Swanson & Fredriksen, 1982), this is
the first comprehensive summary of the 30-year history of sediment production from this
watershed experiment. The results of this 30-year investigation demonstrate both the
strengths and limitations of long-term field experiments.
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STUDY SITE

The H.J. Andrews Experimental Forest is located in the western Cascade Range of Oregon,
a deeply dissected volcanic platform of Tertiary age. Bedrock is a mixture of volcaniclastic
rocks and lava flows cut by scattered dikes (Sherrod & Smith, 1989). Landforms have been
sculpted by fluvial and various soil mass-wasting processes (Swanson & James, 1975).
Mass movements include shallow, rapid movements of soil on hillslopes (debris slides);
rapid movements of alluvium, colluvium, and organic matter down stream channels (debris
flows); and large, slow-moving landslides (slumps and earthflows). Annual precipitation
averages 2300 mm, much of it between October and March. Rain-on-snow events within
the transient snow zone (400 to 1200 m elevation) are a major factor in generating most
floods. Conifer forests dominated by 400- to 500-year-old Douglas-fir (Pseudotsuga men-
ziesii) blanket hillslopes and undisturbed valley floors.

TABLE 1 Characteristics of the three experimental watersheds.

Elevation Average hillslope Average mainstem
Water- Area (m) gradient channel gradient
shed (km2) Min Max (%) (%)
1 0.96 440 1010 63.2 27.8
2 0.60 525 1065 61.1 36.4
3 1.01 480 1080 52.6 ’ 27.2

Three small adjoining watersheds (WS 1, 2, & 3) were selected based on similar sizes,
aspects, and topography (Table 1), described in detail by Rothacher et al. (1967). Harvest,
which began in WS 1 in fall 1962 and ended in summer 1966, used a skyline suspension
system to minimize surface soil disturbance. Residual logging debris was burned in Octo-
ber 1966. On WS 3, roads covering 2.64 km (6% of the drainage) were completed in 1959.
Three discontiguous clearcuts of 0.05, 0.08, and 0.11 km? (25% of watershed area) were
logged in winter, 1962-63, by a high-lead cable logging system. This method resulted in
twice the area of deep soil disturbance (10%) and nearly 3 times the area of compacted soil
(9%) compared to WS 1 (Dymess, 1967). Logging debris was burned in September 1963.
WS 2 served as a forested control. Replanted clearcuts in WS 1 and 3 now support >25
year-old stands of Douglas-fir and other species.

The soil mass-movement history of these three watersheds during the study period in-
cluded a moderately large debris flow from a small roadfill failure in WS 3 in December
1961. A very large storm in December 1964 with about a 100-year return period
(Waananen et al., 1971) initiated seven debris slides and several debris flows in WS 3; a
somewhat smaller storm in January 19635 initated four debris slides in WS 1 (Table 2). Sub-

sequent smaller episodes of debris sliding occurred between 1968 and 1972 in both WS 1
and 3 (Table 2).

FIELD AND LABORATORY METHODS

Discharge was monitored continuously with Leopold-Stevens A-35 recorders since 1953
at calibrated flumes at the downstream end of each watershed. Sampling of suspended and
bedload sediment at the flumes, initiated in Water Year (WY) 1958, is reported here
through WY 1988. Vertically integrated, suspended sediment grab samples were taken in






