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ABSTRACT

Larkin, G.A., P.A. Slaney, P. Warburton and A.S. Wilson. 1998. Suspended sediment and
fish habitat sedimentation in central interior watersheds of British Columbia. Province of
British Columbia, Ministry of Environment, Lands and Parks, and Ministry of Forests.
Watershed Restoration Management Report No. 7: 31 p.

Many watersheds in the central interior of British Columbia are designated for
rehabilitation under the Watershed Restoration Program, which includes measures to control
surface erosion. A study of suspended sediment and fish habitat sedimentation in several
watersheds of the central interior, precursory to restoration activity, is described in this report.
Suspended sediment concentrations measured during the spring snowmelt period indicated that
sediment delivery to the nine streams surveyed was highly variable. Concentration profiles in
some streams were indicative of chronic sources of sediment, but profiles in other streams were
indicative of episodic sources of sediment. Severity-of-ill-effect values determined from the
suspended sediment data were sufficiently high to indicate lethal and paralethal effects on the
resident and migratory fish populations present in streams during the study period. Particularly
severe impacts were predicted for eggs and developing larvae. High flow conditions in the spring
of 1997 created considerable interference with the calibration and evaluation of sediment traps as
monitors for hillslope and/or stream bank restoration projects. Despite the problems, a positive
relationship between sediment accumulation in the traps and suspended sediment loading was
evident. The sediment traps are a robust technique and are recommended for selected use under
moderate flow conditions, and where bedload movement is not dominant. The traps should
become an integral part of monitoring the effectiveness of restoration projects involving erosion
control, and will complement other evaluations of project success.
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INTRODUCTION

The Watershed Restoration Program of British Columbia was initiated under the
province’s Forest Renewal Plan to accelerate the recovery of watersheds impacted by logging
practices of the past. Although habitat protection measures are now in place (Forest Practices
Code; Province of British Columbia 1995a), a province-wide legacy of impacted hillslopes and
streams in British Columbia remains (Slaney and Martin 1997b). A short-term study of logging
practices of the early 1970s cited impacts to fish habitat from chronic surface erosion, largely
from roads, in a logged watershed typical of B.C.’s central interior (Slaney et al. 1977a, b).
Recent work in the region has been limited. One exception is a data report citing water levels,
temperatures and suspended sediment concentrations (Choromanski et al. 1993), but no
discussion or interpretation with respect to past data, land use, or implications for fish
populations is offered. A controlled before and after examination of current practices is in
progress (MacDonald 1994). A study of suspended sediment and fish habitat sedimentation in
several watersheds of the central interior, precursory to restoration activity, is described in this
report.

Sedimentation and Fish Production

Excessive stream sedimentation is a prevalent problem in watersheds damaged by poor
forest land use practices, and affects both spawning and rearing habitat of salmonids, and their
aquatic food chain. Increased sedimentation is generally the result of a series of changes in the
watershed, beginning with altered hydrology. Annual water yield in Carnation Cr., B.C.,
increased 9–16% following near total clear-cutting of a 12-ha tributary sub-basin (Hartman et al.
1996). A long-term study in western Oregon suggested that forest harvesting (including 100%
clearcutting and 25% clearcutting with roads) increased peak discharges by as much as 50% in
small basins and 100% in large basins over the past 50 years (Jones and Grant 1996).

Changes in watershed hydrology can lead to increased sedimentation in streams via
chronic soil washing from disturbed surfaces, or more abruptly in mass wasting events such as
landslides or debris torrents (Anderson 1971, Cederholm et al. 1981, Whyte et al. 1997).
Sediment loads 4 to 12 times higher in logged watersheds than in unlogged controls have been
reported for the central interior of British Columbia, principally due to chronic erosion from
main haul roads (Brownlee et al. 1988). Logging and road construction in an Oregon watershed
increased annual sediment yield by as much as 5 times, and monthly values by as much as 10
times (Beschta 1978). The increases were caused primarily by soil erosion from roads, and
surface erosion from a severe slash burn. Peak flows of rivers, increased by removal of the forest
canopy (loss of interception and transpiration) and by the building and use of roads (short
circuiting the natural drainage system), can accelerate natural landsliding and mass wasting and
in turn dramatically increase the amount of both coarse and fine sediments that are delivered to
stream channels (Beaudry and Delong 1996). Grant and Wolff (1991) reported substantially
greater sediment yields from clearcut and patchcut watersheds than from a forested control over a
30 year period (5100, 21000, 800 t·km-2, respectively). A considerable portion of the sediment
yield from the 2 harvested watersheds occurred due to mass wasting caused by a single major
storm event. Additional sediment yield increases can occur with logging of riparian zones. The
complete removal of trees along the streamside, especially on alluvial plains, can reduce the
inherent stability of the stream bank, and increase the rate of erosion through the reduction of
root networks and the armoring effect that fallen trees can have on the stream banks (Beaudry
and Delong 1996, Kellerhals and Miles 1996). Significant erosion following logging to the
stream bank can result in the accumulation of a ‘wedge’ of coarse sediment in stream channels,
increasing the residence time for in-channel sediment by up to 100 times (Roberts and Church
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1986). Changes in sediment and debris supply cause channels to undergo a sequence of
morphological changes; increased supply generally leads to aggradation (Hogan and Ward 1997).

Increases in sediment yield can be manifested as both high suspended sediment
concentrations in streams, and increased sedimentation of streambed substrates. Numerous
studies have measured increased suspended sediment levels in streams downstream of logging
activity (e.g., Brownlee and Shepherd 1975 MS). Brown and Krygier (1971) found that road
construction, clearcutting and subsequent slashburning resulted in an average four-fold increase
in suspended sediment levels in a study stream that took four years to recover to pre-logging
levels. Hornbeck and Reinhart (1964) measured increased maximum suspended sediment levels
up to 450 times pre-logging levels following skidder logging without skidtrail layout. If the
amount of suspended sediment is increased during high flow periods, stream energy may be used
to transport and intrude the additional sediment load into the streambed instead of flushing fines
from the gravels (Slaney et al. 1977b). For example, additional amounts of fines from accelerated
surface or hillslope erosion during high flow events can directly influence gravel quality
(Beschta and Jackson 1979, Hartman and Scrivener 1990). Sand (2.38–0.074 mm) in the
streambed of Carnation Cr. increased 5.7% following logging (Scrivener and Brownlee 1989).
Two years after road construction adjacent to the stream, streambed sediments smaller than 0.8
mm had increased from 20% to 31% in the Little North Fork Noyo River, California (Burns
1970).

Along with changes to the hydrologic and sediment regime, forest harvesting can
influence stream temperature (Holtby 1988) and nutrient availability (Ashley and Slaney 1997).
Consequently, logging activities potentially alter primary environmental components that affect
the productive capacity of fish habitat. In some cases, impacts are severe, such as substantial
losses (80–90%) of important stocks of summer run steelhead (Oncorhynchus mykiss) and coho
(O. kisutch) salmon in Deer Cr., northwest Washington (Kraemer 1994, Doyle et al. 1995). In
particular, large increases in sediment loads delivered to streams can create changes in water
quality, channel morphology and substrate composition causing detrimental conditions for fish
(Platts et al. 1989).

Direct effects of increased sediment loading on salmonids vary with concentration,
duration of exposure, and life stage. At lower sediment loadings, effects can range from subtle
behavioural changes (e.g., avoidance reactions), to sublethal effects including physiological
stress, and reduction in feeding rate and success (Newcombe and Jensen 1996). Higher loadings
can kill fish directly by gill abrasion (Herbert and Merkins 1961), reduce growth rates, and cause
moderate to severe habitat degradation (i.e., reduced porosity of spawning gravel, delayed
hatching) (Newcombe and Jensen 1996).

Salmonids are particularly susceptible to reductions in streambed particle size in
spawning and rearing habitats. Considerable research has reported on the accumulation of fines
in the streambed and its impacts on the survival and fitness of salmonid embryos and fry. Fine
particles deposited in the bed render redds less permeable (McNeil and Ahnell 1964), impede fry
emergence (Hall and Lantz 1969), and may cause high mortality and poor fry quality at
emergence by reducing oxygen levels in the riffles (Mason 1969). Changes in spawning bed
composition need not be large to affect fry survival; relatively small percentage increases in the
volume of fine sediment may greatly reduce the permeability of stream gravels (Beschta and
Jackson 1979). In Deer Cr., Oregon, an increase in materials smaller than 0.8 mm of only 5%
(from 20 to 25%) caused a 19% decrease in survival to emergence of coho salmon fry (Hall and
Lantz 1969).

The elimination of intergravel crevices used by juvenile fish and other organisms (e.g.,
by infilling of overwintering areas) further alters habitat and decreases fry survival (Beschta and
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Jackson 1979). Abundance of benthic organisms can be significantly reduced (by 40 to 50%) in
logged stream reaches compared to unlogged controls. Slaney et al. (1977a) reported that benthos
standing crop was inversely proportional to suspended sediment dose; the lowest biomass and
density of invertebrates was found in a logged stream reach with the highest sediment
concentration. Suspended sediment concentrations that adversely affect algal growth, biomass, or
species composition (i.e., by reduced light penetration) may in turn diminish secondary
production. Increases in suspended sediments also clog feeding structures of benthos and reduce
feeding efficiency, ultimately resulting in reduced growth rates, stress or death. Aquatic
invertebrates may be more sensitive to high levels of suspended sediments than salmonid fishes
(Newcombe 1985, Newcombe and MacDonald 1991). Reductions in fish food organisms are
particularly significant on account of the size-survival dependence of stream rearing species of
salmonids (Ward and Slaney 1988, Scrivener and Brown 1993). Any sediment-induced reduction
in survival rates constitutes a decrease in stock productivity, thereby also reducing the potential
harvestable surplus (i.e., on a Ricker curve; Ricker 1975). In order to maintain populations at
historic levels, lower stock harvest rates may be required until habitat restoration results in
higher sustainable yields of fish (Slaney and Martin 1997).

Study Objectives

Many watersheds in the central interior of British Columbia are designated for
rehabilitation under the Watershed Restoration Program, which includes measures to control
surface erosion. There were two concurrent objectives in this study to specifically address
increased sediment yield.

The first objective was to undertake a survey of suspended sediment concentrations in a
selection of streams. The data collected were to fill an existing void in water quality information
for the central interior region, provide background data to monitor future restoration projects,
and allow comparisons to levels measured in the early 1970s (Brownlee and Shepherd 1975 MS)
and 1990 (Choromanski et al. 1993). The data may also be used to interpret potential effects on
fish populations by employing a dose-response model (Newcombe and Jensen 1996).

The second objective of the study was to evaluate sediment traps as monitors for
hillslope and/or stream bank restoration projects. Monitoring of sedimentation can be complex,
involving measurements of suspended sediment loading or concentration, bedload, sediment
deposition in the substrate (e.g., spawning substrates), and tracing of sediment sources. Water
quality monitoring for suspended sediments is commonly used as a measure of total sediment
loading but is complicated by extreme variation generated by factors such as fluctuating flows
and diurnal variation due to snowmelt. Systematic water quality sampling is labour intensive or
requires several sets of expensive automatic samplers. Water quality at the source of disturbances
is useful but difficult to interpret in terms of responses and impacts downstream, such as
sediment deposition in stream substrates. In-channel measurements of bed composition have
been suggested for rating the reproductive capacity for fish as well as for monitoring the effects
of land use activities (Adams and Beschta 1980, Potyondy and Hardy 1994). Sediment deposition
in a standard substrate (e.g., spawning gravel) is correlated with suspended load and is easily
measured by the use of standardized deposition containers (Slaney et al. 1977b, Lisle 1989, Lisle
and Lewis 1992, Larkin and Slaney 1996). These ‘traps’ integrate the sediment load over time,
and may offer many advantages over grab or auto sampling for suspended sediments as an
indicator of sediment loading.

Reduction of sediment input due to rehabilitation is difficult to measure (Koning and
Keeley 1997). Hence, the traps could be a valuable tool or indicator and would have application
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for monitoring the effectiveness of erosion control treatments, by making comparisons between
‘control’ and ‘treated’ sites, before and after hillslope and/or stream bank restoration. Sediment
traps have recently been successfully calibrated with glacial sources of sediments (Larkin and
Slaney 1996). However, additional calibration in areas where restoration/stabilization activities
would target chronic surface erosion (i.e., fine lacustrine deposits from roads, skid trails and
landings) as the primary sources of sediments is needed to confirm the utility of the traps as a
monitoring tool. Sediment deposition data will be used as baseline data to monitor subsequent
treatments, to extend the established relationship between sediment deposition and suspended
sediment loading to pre-restoration settings, and to compare sediment loading measured in the
early 1970s to current levels.

STUDY AREA

Field studies were carried out in the Bowron River, Willow River and Slim Creek
watersheds, located in the central interior of British Columbia east of Prince George. The
geology of the Bowron River watershed (Beaudry and Nassey 1994) is typical of the region.
Soils are dominated by loamy glaciofluvial materials along the broad valley bottoms with the
moderate to steeply sloping valley sides blanketed by a variable layer of till and colluvium.
Extensive areas of river terraces and floodplain deposits have formed adjacent to the Bowron
River and its tributaries. The glaciofluvial sediments are composed of gravely sands to cobbly
gravels that were deposited by glacial meltwater streams during the end of the last glaciation.
The river terraces are characterized by flat to gently sloping topography with each successive
terrace separated by a steep escarpment. Evidence of ice-contact glaciofluvial materials is present
in the headwaters, as well as smaller areas downstream in some of the tributaries. Pockets of silt
and clay, presumably deposited in small ice-marginal ponds, usually occur within these ice-
contact glaciofluvial materials. Larger deposits of fine textured materials consisting of clay, silt
and fine sand were deposited in glacial ice-dammed lakes to the east of the Bowron mainstem.
Considerable portions of the low-lying areas have been draped with glaciolacustrine sediments.
The inherent nature of fine textured surfacial materials, such as glaciolacustrine and sandy
glaciofluvial deposits, makes the area highly susceptible to surface erosion and gullying
processes. Streamflows generally peak in late spring (Brownlee et al. 1988, Beaudry and Nassey
1994) from snowmelt (together with rain and rain-on-snow events).

Vegetation in the region is comprised of mainly overmature white spruce (Picea glauca)
and subalpine fir (Abies lasiocarpa) and to a lesser extent red cedar (Thuja plicata) and
lodgepole pine (Pinus contorta). Undergrowth ranges from Vaccinium spp. to marsh vegetation
(Leduion spp.). In addition to conifers, streamside vegetation consists of small alders (Alnus sp.)
and willow (Salix sp.). The watercourses support populations of chinook salmon (Oncorhynchus
tshawytscha), rainbow trout (O. mykiss), kokanee (O. nerka), bull trout (Salvelinus confluentus),
lake trout (S. namaycush), mountain whitefish (Prosopium williamsoni), pygmy whitefish (P.
coulteri), and burbot (Lota lota), in addition to an assortment of cyprinid fishes. Smaller tributary
streams to larger streams are utilized as nursery areas by juvenile chinook salmon as well as
adfluvial and lacustrine populations of rainbow and bull trout.

Central interior study in the 1970s

Prior to the 1970s, there was little documentation in British Columbia on the effects of
logging road construction and clearcutting on stream water quality, fish habitat and fish
populations for watersheds in the interior of the Province. Fisheries managers assessed the
potential impacts of logging operations and proposed measures for stream protection by applying
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the results of selected studies conducted in coastal British Columbia, Washington, Oregon and
Alaska (e.g., Sheridan and McNeil 1968, Hall and Lantz 1969). Application of the results from
coastal stream studies to conditions in the central interior of British Columbia was questioned by
forestry and fisheries managers because of marked differences in climate, runoff regime, soils,
forest cover and logging methods. In 1971, a study was initiated by the federal Fisheries and
Marine Service (now the Department of Fisheries and Oceans), and the provincial Department of
Recreation and Conservation (now the Ministry of Environment, Lands and Parks) to provide
information on the possible effects of forest harvesting practices on water quality and fish
habitat. The principal study objective was to assess the effectiveness of fish habitat protection
measures incorporated into 1971–72 cutting permits within the Slim Cr. watershed, typical of the
interior region of British Columbia. This study was designed to be short-term (3 to 4 years) in
contrast to the intensive (10 years or more) coastal watershed studies such as the completed
Alsea (Moring 1975a, b, Moring and Lantz 1975) and ongoing Carnation Cr. studies (Hartman
and Scrivener 1990). The study employed comparisons between ‘treated’ (road construction and
logging) and ‘control’ (no roads or logging) areas nearby to provide information to assist in
planning and assessing forest land-use practices in the central interior region. Studies were
conducted of:

• changes in water quality (Brownlee and Shepherd 1975 MS, Brownlee et al. 1988)
• physical alterations to stream channels (Slaney et al. 1977c)
• effects on the limnology of a downstream lake (Parkinson et al. 1977)
• effects on salmonid rearing habitat (Slaney et al. 1977a)
• effect on terrestrial hydrology (Chamberlain, data on file)
• effect of stream sedimentation on salmonid spawning habitat (Slaney et al. 1977b).

Impacts of forest harvesting operations were examined from 1971 to 1975. Water quality
measurements indicated chronically high suspended sediment concentrations (average 70-
90 mg·L-1 April–June, rarely > 500 mg·L-1) in Centennial Cr. below logging operations,
particularly during spring snowmelt and rainfall events. Suspended sediment loading in the
logged watershed (lower Centennial) increased 4 to 12 times over corresponding levels in the
unlogged watershed (Donna Cr.). The high sediment loading persisted for the duration of the
study. Transport of sediments to Slim Cr. markedly depressed light penetration and primary
productivity in Tumuch Lake downstream. No recovery was apparent after forest harvesting
operations had been discontinued for more than one year. Measurements of gravel composition
before and after spring melt indicated significant deposition of suspended sediment in potential
spawning habitat of Centennial Cr.. Experiments in artificial stream channels demonstrated
functional relationships between suspended sediment loading, deposition and survival of rainbow
trout eggs to emergence, indicating that overall survival of trout from eyed egg to emergent fry
stage would be markedly reduced as a result of the accelerated stream sedimentation. Rearing
habitat in Centennial Cr. deteriorated owing to filling of overwintering rubble habitat and
reduction of benthic invertebrates. Analysis of stream channel alterations indicated that channel
damage (including downstream sediment transport from stream banks) could be minimized by
more careful skid-trail and landing layouts. Reserve strips were found to be the most effective of
four streamside treatment measures for retaining stream channel integrity.

Results established the need for application of measures to control erosion in the central
interior of British Columbia. The principal source of sediment to Centennial Cr. was determined
to be a section of the main haul road, comprised of silty loam. Secondary sources were the
sloping deposits of silty loam in some cutting units (particularly from skid trails), and the
channels of clearcut tributaries associated with in-stream falling and skidding. Specific
recommendations were given, specifying that forest harvesting practices in the interior should
involve (a) intensive use of soils inventory for planning roads, landings, skid trails and
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streamside reserve or filter strips, (b) use of erosion control measures, particularly vegetative
stabilization of unstable fine textured soils, and (c) avoidance of stream channel disturbances by
prescription of appropriate streamside practices. Similar measures are incorporated in the Forest
Practices Code (Province of British Columbia 1995a) which regulates new forest harvesting,
with the Watershed Restoration Program designed to accelerate recovery from past logging
impacts.

Recent History

The region has undergone continued forest harvesting since the study conducted in the
early 1970s. Prior to the introduction of the Forest Practices Code (Province of British Columbia
1995a), harvesting practices frequently included logging to the stream bank of fish bearing
streams, especially smaller ones. Reforestation has not been successful in many areas due to
exposure and erosion of fine-textured soils. Revegetation of erodible road slopes by
hydroseeding has been and continues to be necessary to retard sediment transport from the silty
side slopes of logging roads, such as in the Centennial Cr. watershed.

Interior Watershed Assessments (IWAP Level 1) have been conducted for the Willow
and upper and mid-Bowron watersheds1. These studies were initiated in response to concerns
expressed by fisheries agencies regarding the rapid rate and extensive area of forest cut in these
watersheds. Results of assessment in the upper Bowron watershed indicate an abundance of very
active fine sediment sources relating to logging activities (Beaudry and DeLong 1996). Increases
in sediment delivery have had direct impacts to several of the tributary systems. The extensive
impacts are mostly in the form of increased sediment loads to stream channels. Indicators suggest
that the main problem in the watershed is the amount of fine sediment being generated and
delivered to the Bowron River by the extensive road networks that were constructed in the mid-
1980s to accommodate the timber harvesting that occurred. Secondary impacts include the large
amount of riparian forests that were removed along the main river and along the tributary
systems, and to a lesser extent the accelerated landsliding that was directly associated with forest
harvesting activities (i.e., roads, burns and logging).

The largest impact noted for the Middle Reach of the Bowron watershed was the
extensive harvesting in the riparian zone of the main channel and its tributaries (Beaudry and
Nassey 1994). An extensive road network has resulted in increased suspended sediment loads to
both the tributaries and the mainstem. Small mass wasting events have occurred in several areas
throughout the middle section of the Bowron, many natural in origin, but likely exacerbated by
forest harvesting in or along steep gulleys.

The Willow watershed is heavily forested, except for alpine areas at the higher
elevations in the upper east end, and developed areas in the lower sections, near the confluence
with the Fraser River (Berry 1996). The IWAP assessment indicates low effective cut areas and
hazard indices in many of sub-watersheds. However, other sub-watersheds have been heavily
harvested (up to 58%), have dense road networks on erodible soils, and have been harvested to
the stream bank for most of their channel length. Such sub-watersheds have very high hazard
indices and no further harvesting has been recommended until channel assessments, sediment
sources surveys, and road assessments are completed, and hydrologic recovery increases.

                                                          
1 The IWAP is an objective procedure used to assess existing and potential cumulative hydrology related
problems in watersheds with significant fisheries values (Province of British Columbia 1995b).
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PART I – SUSPENDED SEDIMENT

Methods

Nine easily accessible tributary stream sites were selected to provide a variety of water
quality conditions (with respect to suspended sediment). The anticipated diversity was based on
past and present upstream land use (i.e., active logging vs. past logging vs. intact) and on
previous records (Brownlee and Shepherd 1975 MS, Choromanski et al. 1993).

The suspended sediment survey commenced at the beginning of May 1997, before the
anticipated seasonal flow peak. Water was sampled at each site at least 5 days a week throughout
the 2-month study period (at approximately 60% flow depth, as feasible). No more than 1 day
was left between samplings, and the schedule adjusted to ensure sampling every day during
snowmelt or rainfall events. To limit the influence of diurnal fluctuations due to snow melt, most
sampling occurred in the mid- to late afternoon, a time which approximates the daily average
flow and suspended sediment levels in the region (Brownlee and Shepherd 1975 MS). A record
of water levels at each site was kept, however stage discharge curves were not available to
estimate stream flow volumes or sediment yields. Water samples were collected in 1-L plastic
bottles and refrigerated for up to 1 week before analysis for suspended solids by Standard
Methods (APHA 1985). Both mean concentration (mg·L-1) and dose over the study period
(concentration times duration, as mg·L-1·days) were calculated from individual sample
concentrations. Sample analyses were conducted in the sedimentology laboratories at the
University of Northern British Columbia in Prince George.

Site Descriptions

Locations of the 9 sites are provided in Figure 1 and Table 1, respectively. The
descriptions of the sub-watersheds of the 9 sampling sites that follow are based on IWAPs
(Beaudry and Nassey 1994, Beaudry and DeLong 1996, Berry 1996), a restoration project review
(Heller and Ragan 1997), historical cutblock information available in a GIS database (Province
of British Columbia 1997b), and aerial photographs.

Table 1.  Location of sampling sites.

Site Watershed Location
Zone UTM N. UTM E.

Grizzly Bear Creek Bowron 10 5954383 582627
Haggen Creek Bowron 10 5937012 590987

Hah Creek Bowron 10 5959246 582282
Spruce Creek (upper) Bowron 10 5949125 586937
Spruce Creek (lower) Bowron 10 5953429 582178

Centennial Creek Slim 10 5948240 599323
Donna Creek Slim 10 5948447 599423

Narrowlake Creek tributary A Willow 10 5937625 566025
Thursday Creek Willow 10 5951444 551293
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Figure 1.  Study area.
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The Grizzly Bear Creek watershed was cut moderately in the 70s and mid 80s, but no
new harvesting has taken place since 1988. New blocks are scheduled to be cut in the headwaters
in the next few years. The Middle Bowron IWAP indicated a medium level of concern in the
watershed, due to extensive area above the H60 line and the occurrence of landslides2.

Haggen Creek supports important anadromous and resident fish populations. The upper
reaches of the watershed are in very steep terrain, with high precipitation rates and a large
percentage of erodible soils which combined make it very sensitive to forest harvesting and road
building. Much of the Haggen Cr. watershed, upstream of our sampling site, was logged to the
stream bank in the mid-1980s as part of a massive beetle salvage operation. Addition smaller cuts
took place in the early 1990s. A channel assessment for the lower reaches suggests
destabilization of the channel has taken place in recent years, and that the stream channel has
been impacted from increased sediment delivery.

The Hah Creek watershed is small and has a limited harvesting history, with only a few
cut blocks dating from the 1970s. The Middle Bowron IWAP indicated a medium level of
concern for the basin as stream crossings and roads within 100 m of streams on erodible soils
warrant concerns about channel stability and surface erosion. Recommendations have been made
for the rehabilitation of roads near streams and avoiding construction of additional roads near
streams.

The Spruce Creek watershed was logged to the stream bank in several sections
beginning in the late 1970s and continuing more extensively in the early to mid-1980s. This
forest harvesting took place in both the upper and lower reaches. Additional harvesting has
continued in the 1990s in the lower reaches. The Middle Bowron IWAP noted a high level of
concern for the Spruce Cr. watershed, due to the predominance of unstable soils on steep terrain,
and the density of roads on such soil types. New road building is occurring in the headwaters to
access cut blocks scheduled for harvest in the winter of 1997/98.

The majority of the harvesting of the Centennial Creek watershed took place in the early
1970s; the effects of this harvesting was investigated in the Slim Cr. study previously described.
Subsequent smaller cuts occurred in the mid-1980s, with no new harvesting in the watershed
occurring since 1987. Silty lacustrine sediments dominate the soils in the watershed. Building
and use of roads from the 1970s harvesting caused significant sedimentation and erosion
problems that continue to the present.

The Donna Creek watershed was employed as an unlogged control in the Slim Cr. study
during the 1970s. Modest harvesting in the watershed commenced in the early 1980s and
continued until 1992. There has been no recent activity in the watershed.

The watershed of Narrowlake Creek tributary A was heavily logged from the early
1970s to mid-1980s, and instability in the headwater reaches has been attributed to clearcutting
to the stream bank and fires in the early 1980s. There has been no harvesting in the watershed
since 1987. Active channel widening and downcutting is apparent, increasingly isolating the
floodplain. The process seems to be directly linked to loss of deep root strength, loss of large-
sized wood elements in the channel and coarse sediment loading from upstream landslides and
valley wall undercutting by the stream. The naturally high sediment budget of the creek appears
to have been significantly increased by disturbances tied to past road building and timber harvest.

                                                          
2 The H60 is defined as the elevation above which lies 60% of the watershed area (Province of British
Columbia 1995b).
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The Thursday Creek watershed has been extensively harvested since the 1960s, with the
majority of the harvesting all the way to stream banks. The watershed has also been the site of
placer mining in the past. There is an extensive road network throughout the watershed built on
erodible soils. The road network appears to be providing frequent inputs of sediment, especially
on steep slopes; relatively recent mass movements have introduced material directly into the
creek. The Willow River IWAP reports a high peak flows index (0.69), high surface erosion
index (0.82), and a large extent of erodible soils (62%) in the Thursday sub-basin. It was
subsequently recommended that a channel assessment, sediment source survey and road
assessment be completed, and further harvesting and road construction on erodible soils be
avoided.

Results

Concentrations of suspended sediment in water samples taken from the 9 sites are
depicted in Figures 2a (Bowron), 2b (Slim) and 2c (Willow). The mean, median and peak
concentrations for each of the sites are provided in Table 2, as well as the total sediment dose
delivered over the study period. Figure 3 depicts air temperature and precipitation during the
study period.

Table 2.  Summary of suspended sediment data.

Site Mean
Suspended
Sediment
(mg·L-1)

Median
Suspended
Sediment
(mg·L-1)

Peak
Suspended
Sediment
(mg·L-1)

Dose
(mg·L-1·days)

Grizzly Bear Cr. 71 28 556 4313
Haggen Cr. 71 39 343 4323

Hah Cr. 28 20 140 1681
Spruce Cr. (lower) 21 15 82 1266
Spruce Cr. (upper) 31 19 184 1884

Centennial Cr. 72 57 235 3972
Donna Cr. 25 13 129 1289

Narrowlake Cr. tributary A 35 13 392 2068
Thursday Cr. 233 48 2726 13948

There are 2 dominant peaks in suspended sediment concentration in streams in the
Bowron drainage (Fig. 2a). The first peak in mid-May is due to spring snowmelt, and occurred
after several warm and sunny days (Fig. 3). The second peak in early June is coincident with a
large rainfall event. A third, smaller peak in mid-June is also due to a rainfall event. Grizzly Bear
Cr. and Haggen Cr. had the highest mean (71 mg·L-1) and peak (556 and 343 mg·L-1,
respectively) suspended sediment concentrations of sites located in the Bowron watershed.
Concentrations of greater than 200 mg·L-1 at these sites were sustained for 2–3 day periods.
Suspended sediment profiles at Hah and both Spruce Cr. sites were of the same fundamental
shape as for Grizzly Bear and Haggen Cks., but with lower snowmelt peak concentrations. Hah
Cr. had the largest response (140 mg·L-1) to the rainfall event in mid-June. By the end of the
study period, the concentration at all 5 sites was similar and generally less than 20 mg·L-1. The
mean concentrations at Grizzly Bear Cr. and Haggen Cr. were greater than at the other three sites
due to the influence of the snowmelt and storm peaks. Accordingly, the median values are more
representative of prevailing conditions (Grizzly Bear Cr., 28 mg·L-1; Haggen Cr., 39 mg·L-1).
Suspended sediment concentrations at Hah Cr. and both Spruce Cr. sites rarely were elevated
above 100 mg·L-1.
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(a) Bowron River watershed

(b) Slim Creek watershed

Figure 2. Suspended sediment concentration May – June, 1997
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(c) Willow River watershed

Figure 2. Suspended sediment concentration May – June, 1997

Figure 3. Air temperature and precipitation during the study period (measured at
Prince George airport; Environment Canada 1997)
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Suspended sediment profiles for Centennial and Donna Cr. sites in the Slim Cr. drainage
fluctuate to a lesser extent than profiles from Bowron sites (Fig. 2b). The snowmelt peak
concentration at Centennial Cr. (235 mg·L-1) is considerably lower than peaks at Grizzly Bear
and Haggen Cks. (556 and 343 mg·L-1, respectively), yet all three sites had similar mean
concentrations over the 2-month study period. The Centennial Cr. mean and median
concentrations are much closer in value (mean 72 mg·L-1; median 57 mg·L-1), than at the Grizzly
Bear and Haggen sites in the Bowron drainage. Both measures at Centennial Cr. reflect a
smoother and steadier decline in concentration from mid-May to late June. Little response is
apparent at either the Centennial or Donna Cr. to the early June rainfall event (Fig. 3). The peak
concentration at Donna Cr. was 129 mg·L-1, with concentrations predominantly below 25 mg·L-1.

The suspended sediment profiles of creeks in the Willow drainage showed similar
fluctuations to sites in the Bowron drainage, but with greater response to the snowmelt event in
mid-May and lesser response to the rain event in early June (Figs. 2c and 3). The Narrowlake
tributary A site had a similar peak concentration (392 mg·L-1) to Grizzly Bear and Haggen Cr. in
the Bowron drainage. Comparatively smaller mean (35 mg·L-1) and median (22 mg·L-1) values
reflect the smaller response to the early June rainfall event. Thursday Cr. was the exceptional site
of all 9 surveyed. The peak concentration during the major snowmelt in mid May was over
2700 mg·L-1 and remained at more than 1000 mg·L-1 for 4 consecutive days. Concentrations at
Thursday Cr. during the remainder of the survey period were comparably low to other sites, and
hence the average concentration of 233 mg·L-1 is not indicative of prevailing spring conditions
(median 48 mg·L-1).

Suspended sediment dosing at the 9 sites ranged from 1,266 to 13,948 mg·L-1·days
throughout the 2-month study period. At many sites, a substantial part of the dosing occurred
during times of peaking concentrations; e.g., at Thursday Cr., 10,818 of its total 13,948 mg·L-

1·days dose was delivered over a 6 day period. The lowest dosing occurred at Hah Cr., Donna
Cr., Spruce Cr. (upper and lower), and Narrowlake Cr. tributary A, all with between 1,200 and
2,100 mg·L-1·days. Centennial Cr., Grizzly Bear Cr., and Haggen Cr. had dosings of near
4,000 mg·L-1·days. The suspended sediment dosing was most evenly distributed over the 2-month
study period at Centennial Cr.

Discussion

Above normal precipitation in March 1997, combined with below normal temperatures
resulted in greater than normal snowpack accumulations throughout the Upper Fraser basin
(Province of British Columbia 1997a, 1997c). The large snowpack led to larger than normal
spring runoff conditions in all of our study streams. The pattern and degree of suspended
sediment loading in response to high flows was varied among streams and watersheds surveyed,
indicating that areas must differ greatly with respect to hydrologic conditions and sediment
sources.

Two distinct patterns of response to high flow events emerge from the data in Figure 2.
Both the Donna Cr. and Centennial Cr. sites in the Slim Cr. watershed have suspended sediment
concentration profiles indicative of chronic sources of sediment. Profiles show steady decline
throughout the spring freshet, with tempered responses to high flow events. Chronic erosion from
the main haul road was identified as a major source of sediment to Centennial Cr. in the 1970s
(Slaney et al. 1977b). Comparison of Centennial Cr. suspended data from this study with past
data (Brownlee and Shepherd 1975 MS, Choromanski et al. 1993) indicate that there has been
little change in sediment loading in the last 25 years. Mean concentrations from 1972–74
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(lower site) and from 1997 are similar (88, 73, 88, 72 mg·L-1, respectively). Peak concentrations
from 1972–74, 1990 and 1997 are more varied, but show no trend (235, 160, 516, 144, 235 mg·L-

1, repectively). The suspended sediment dose measured in 1974 (Slaney et al. 1977b) is nearly
identical to that measured in 1997 (1974 – 6700 mg·L-1·days in 88 days = mean daily dose of
76.1 mg·L-1; 1997 – 3972 mg·L-1·days in 55 days = mean daily dose of 72.2 mg·L-1) Little past
suspended sediment data are available for Donna Cr., but both mean and peak concentrations
have increased since 1974 (1974 mean – 18 mg·L-1, 1997 mean – 25 mg·L-1; 1974 max – 37 mg·L-

1, 1990 max – 50 mg·L-1, 1997 max – 129 mg·L-1). The apparent trend may be the result of
meterological variability, however, Donna Cr. can no longer be considered an unlogged control
stream as it had been in the 1970s. The suspended sediment dose measured in 1997 is almost
double that measured in 1974 (Slaney et al. 1977b) (1974 – 1200 mg·L-1·days in 88 days = mean
daily dose 13.6 mg·L-1; 1997 – 1289 mg·L-1·days in 52 days = mean daily dose 24.8 mg·L-1).

Other study sites have suspended sediment profiles indicative of episodic loading.
Concentrations in Grizzly Bear Cr., Haggen Cr. and Narrowlake tributary A peaked sharply in
response to increases in flow through their respective systems, but were relatively low during
inter-event periods. The suspended sediment profile of Thursday Cr. is perhaps the best example
of episodic loading; in response to the spring melt, concentrations rose rapidly to over
1000 mg·L-1, but were not sustained for more than a few days. The large episodic sediment
loading is probably indicative of a mass wasting event as opposed to chronic erosion. Heller and
Ragan (1997) confirm that 2 relatively recent mass movements have occurred in the upper
reaches of Thursday Cr., introducing material directly into the creek.

The remaining sites, Spruce Cr. (upper and lower) and Hah Cr., also had suspended
sediment concentration profiles more indicative of episodic loading than of chronic erosion. The
response of these streams to high flow events was less pronounced than at other sites.

Stress Index

Suspended sediment concentrations measured at many of the sites in the 1997 survey
warrant concern about possible impacts on resident and migratory fish populations and their food
chain. Adult rainbow trout, bull trout and/or whitefish would have been present in some or all of
the selected streams during the 2-month study period. As well, rainbow trout and whitefish are
likely to have spawned in small streams over the course of the study, with eggs of both species
hatching by the end of the sampling period. Chinook eggs, generally restricted to larger creek
systems, would presumably have hatched prior to the onset of sampling. Developing salmon
alevins in the gravel would have emerged as fry towards the middle of the study period, and
rearing would have commenced.

Water quality criteria for suspended sediments in British Columbia define the maximum
acceptable concentration in two ranges: (1) induced suspended solids should not exceed 10 mg·L-

1 when background concentrations are less than or equal to 100 mg·L-1, or (2) induced suspended
solids should not be more than 10% of background when background concentrations are greater
than 100 mg·L-1 (Singleton 1985). The philosophy of these criteria is to maintain ambient
suspended sediment concentrations near the natural seasonal regime to which organisms in any
particular water body have adapted, or are normally subjected. While concentrations are
expected to rise during spring freshets, unusually high and sustained high concentrations can
have serious effects on fish and other organisms. An extensive literature review of deleterious
effects of suspended sediment on fish is published in a compendium (Newcombe 1994). Ill
effects are recognized to escalate as a function of dose, and can be arranged in a ‘severity of
effects’ hierarchy from benign to most severe in 14 graduated steps (Table 3).
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Table 3.  Severity-of-Ill-Effect Scale (Newcombe and Jensen 1996).

Severity of
Effect
(SEV)

Description of Effect

Nil Effect

0 No behavioral effects

Behavioural effects

1 Alarm reaction
2 Abandonment of cover
3 Avoidance response

Sublethal effects

4 Short-term reduction in feeding rates; short-term reduction in feeding success
5 Minor physiological stress; increase in rate of coughing, increased respiration rate
6 Moderate physiological stress
7 Moderate habitat degradation; impaired homing
8 Indications of major physiological stress; long-term reduction in feeding rate;

long-term reduction in feeding success; poor condition

Lethal and paralethal effects

9 Reduced growth rate; delayed hatching; reduced fish density
10 0 - 20 % mortality; increased predation; moderate to severe habitat degradation
11 > 20 – 40 % mortality
12 > 40 – 60 % mortality
13 > 60 – 80 % mortality
14 > 80 – 100 % mortality

The relationship derived between suspended sediment dose and the 14 degrees of effect
takes on the form

Severity of Effect (SEV) = a + b(loge ED) + c(loge mg·L-1 SS) (1)

where ED is the exposure duration in hours, and a, b, and c are constants which adjust the
equation for different data groups. We determined SEV values with our suspended sediment data
using Newcombe and Jensen’s (1996) constants for 3 groups: juvenile and adult salmonids, adult
freshwater non-salmonids, and eggs and larvae of salmonids and non-salmonids. SEV values
were determined for mean and median concentrations over the 2-month study, as well as for the
peak concentrations (mid-May spring melt peak and early June rainfall event), and are presented
in Table 4. For simplicity, peak events were determined to begin and end at suspended sediment
concentrations of 100 mg·L-1.
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Table 4.  Severity-of-Ill-Effect values determined from suspended sediment loading at the
nine study sites.

SITE Adult and Juvenile
Salmonids

Adult Freshwater
Non-salmonids

Eggs and Larvae of
Salmonids and Non-salmonids

mean median event mean median event mean median event
Centennial 8.9 8.8 8.4 9.2 9.0 9.3 10.7 10.4 11.1

Donna 8.3 7.9 6.6 8.4 7.9 8.5 9.5 8.8 10.1
Grizzly Bear 9.0 8.4 8.0

8.1
9.2 8.5 9.3

9.3
10.7 9.7 11.2

11.1
Haggen 9.0 8.6 8.0

7.9
9.2 8.7 9.3

9.3
10.7 10.0 11.1

11.1
Hah 8.4 8.2 6.0 8.5 8.3 8.3 9.6 9.3 9.8

Spruce (lower) 8.3 8.1 8.3 8.1 9.3 9.0
Narrowlake trib. A 8.6 8.0 7.8 8.7 7.9 9.2 9.9 8.8 11.0

Thursday 9.7 8.8 9.5 10.0 8.9 10.6 12.0 10.3 13.0
Spruce (upper) 8.5 8.2 6.3

6.8
8.6 8.2 8.3

8.7
9.8 9.2 9.8

10.3

The SEVs determined from mean suspended sediment concentrations ranged from 8.3 –
9.7 for adult and juvenile salmonids. These values are indicative of sublethal and paralethal
effects such as major physiological stress, long-term reduction in feeding rate and success, poor
condition, reduced growth rate, delayed hatching, and reduced fish density (Table 4). SEV values
calculated from median concentrations are slightly lower (7.9 – 8.8). The highest suspended
sediment concentrations were noted at events, such as the suspended sediment peak in spring
melt (mid-May, all watersheds) and the rainfall event in early June (Bowron watershed). Such
peaks in concentration were often maintained for several days. However, lower SEV event values
arise from the events being viewed in isolation from the remainder of the survey period; adult
and juvenile salmonids are relatively hardy and are capable of coping with short-term increases
in suspended sediment concentration (Newcombe 1994).

SEV values ranged from 8.3 – 10.0 for adult freshwater non-salmonids when calculated
from mean suspended sediment concentrations. Values were slightly lower when based on
median concentrations (7.9 – 8.9). These fish populations would be subject to sublethal and
paralethal effects as discussed for salmonids. The highest event-induced SEV value was 10.6 at
the Thursday Cr. site for the spring melt peak. Effects associated with this value include 0–20 %
mortality, increased predation, and moderate to severe habitat degradation.

SEV values determined from mean suspended sediment concentrations for eggs and
larvae of salmonids and non-salmonids ranged from 9.3 (Spruce Cr. (lower)) to 12.0 (Thursday
Cr.). Values determined from median concentrations were slightly lower (8.8 – 10.4). The high
SEV values determined for this group reflect the sensitivity of eggs and larvae to suspended
sediment loading. Paralethal and lethal effects ranging from delayed growth rate and hatching to
mortality (>40–60%) would be expected. Event concentrations raised SEV values in many
streams to over 11, (indicative of >20–40% mortality), and as high as 13.0 (>60–80% mortality)
for the major event in Thursday Cr.. Fish able to leave the stream during these high dose events
would probably do so, an indication of reduced habitat suitability.

The SEV values determined from the dose response model indicate that the suspended
sediment concentrations observed in the study streams would cause significant deleterious effects
on the resident and migratory fish populations present in the creek during the time coincident
with the study period. Although significant impacts are indicated, without detailed sediment
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source surveys during monitoring, it is uncertain what contribution was from natural hillslope
and channel sources versus logging-impacted areas (i.e., roads, landings, skid trails, logging-
induced stream bank erosion/failure).

PART II – SEDIMENT DEPOSITION

Methods

At each of the 9 study sites described in Part I, suitable locations were selected at which
to install sediment traps (i.e., spawning gravel substrates). At the onset of the suspended
sediment survey, 20 sediment traps were installed at each site. The lids were removed only after
the complete set of traps was buried flush with the streambed. Each sediment trap consisted of a
polyethylene bucket (15.6 cm deep, 20.6 cm brim internal diameter) filled with a mix of 3 sizes
of washed gravel (19.05 mm (3/4”), 9.53 mm (3/8”), 4.76 mm (3/16”)) in proportions reflecting
‘ideal’ spawning gravel composition (approximately 50%, 30%, 20% by weight, respectively)
(Clay 1961). Standard deviation of the weight of gravel in all of the traps used in the study was
9.9%. Mean initial porosity was determined to be 28.1% (volume of water/volume of water and
gravel). Solid walled containers used to measure sediment infiltration only collect sediment that
enters bed material through the surface interstices and excludes that which is introduced laterally
by intergravel flow. However, for evaluating the traps as indicators of sediment load, a precise
measure of the actual amount of sedimentation was not essential; rates of sediment infiltration
reported should be regarded as minimum measures of true values (Lisle 1989). Ten sediment
traps (lids replaced) were removed from the sites after approximately 30 and 60 days as flows
permitted. Care was taken to avoid contaminating adjacent traps at each site.

The contents of the traps were analyzed to determine sediment deposition over the
deployment period. The original gravel matrix was removed from the contents by wet sieving
(sieve apertures 25.0 mm, 9.50 mm, 4.75 mm). The remaining solids were then dried (105°C for
24 hours) and further sieved to determine the weight of each size fraction (sieve apertures
2.36 mm, 1.18 mm, 0.850 mm, 0.300 mm, 0.075 mm). Any macro-organics present were
identified during dry sieving (most macro-organics were found in the Centennial Cr. traps from
55 days, and consisted of moss, twigs, cones, bark, and small woody debris).

Sample analyses were conducted in the sedimentology laboratory at the University of
Northern British Columbia in Prince George. Statistical analyses employed Statistica (Statsoft,
Inc. 1996). All significant main effects were post hoced using Tukey’s HSD (p < 0.05).
Suspended sediment data from Part I were used to determine relationships with sediment
accumulation, with mean concentrations and doses calculated for the corresponding deployment
period of the traps.

Results

High delayed spring runoff flows, flooding and excessive bedload movement prevented
the recovery of traps from several of the study sites. Some sites located in or downstream of
largely channelized stream sections (e.g., Haggen Cr., Grizzly Bear Cr.), were subject to massive
bedload movement that buried the sediment traps, by 10 to 30 cm or more. At other less
channelized sites, the high flow volumes caused scouring, shifting, realignment of the stream
channel, and/or movement of large woody debris through the system (e.g., Donna Cr.). Under
such conditions, several of the traps were dislodged from the streambed and lost.
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From the original 180 sediment traps deployed at the outset of the study, only 72 were
recovered. The initial 20 traps were successfully removed from only 2 of the 9 sites (upper
Spruce Cr. – 10 at 30 days, 10 at 60 days; Centennial Cr. – 10 at 30 days, 10 at 55 days). At the
Donna Cr., Narrowlake Cr. tributary A and Thursday Cr. sites, none of the initial 20 traps were
ever recovered. Ten additional traps were successfully installed into Thursday Cr. midway
through the field season of which 9 were successfully recovered after 26 days. Three sites had
traps removed only after 30 days; at the Grizzly Bear Cr. site, the 5 remaining were removed, and
at lower Spruce Cr. and Hah Cr., ½ of the remaining sediment traps were removed, leaving ½ to
be removed at 60 days (8 and 10, respectively). The removals at 60 days at these two sites never
took place as the remaining traps were dislodged and emptied at the streamside by vandals. At
the Haggen Cr. site, 9 traps were recovered at 60 days after extensive excavation.

A substantial number of road crossing “wash outs” and culvert blockages caused by the
high spring flows resulted in periodic repair work with heavy machinery in or near the streams.
Such disturbances create pulses of suspended sediment not due to spring runoff conditions alone.
These pulses were not be recorded by the daily suspended sediment sampling (from Part I),
however, the sediment traps would still function as integrators of the total sediment loading
conditions to the creek substrate. There was also one known incident of foot traffic disturbing
sediment upstream of a site (Fish Habitat Assessment course, Thursday site). Vandalism at the
lower Spruce Cr. and Hah Cr. sites attests to further unsought activity. These periodic
disturbances may complicate the determination of a relationship between suspended solids and
sediment deposition.

The relationship between suspended load and deposition in the traps was determined by
plotting sediment accumulation in the traps (kg·m-2) against the suspended sediment as both
mean concentration (mg·L-1) and dose (mg·L-1·days) over the duration of exposure. Mean
concentration and dose are plotted on x-axes with both a linear and logarithmic scale. Linear
regression lines are included for each of 3 particle size fractions from the traps (less than medium
sands as < 1.18 mm, less than fine sands as < 0.300 mm, and silt and clay as < 0.075 mm). All R2

values from the regression lines in Figs. 4 through 7 are above the critical value at p = 0.01 (R2 =
0.081 for df = 80). Table 5 provides a data summary.

The data from the sediment traps deployed in Thursday Cr. were not included in the
correlation. Thursday Cr. experienced an extreme sedimentation event in mid-May. The second
(replacement) set of traps were deployed after this event, and were subject to little subsequent
dosing (only 440 of total 13948 mg·L-1·days at the site). The mid-May sedimentation event
created conditions for periodic to chronic movement of fine sediments, perhaps even as bedload.
In addition, the 20–30 participants of the Fish Habitat Assessment workshop created further
disturbance upstream of the site. Large amounts of material were recovered from the Thursday
Cr. traps, but this material was not likely representative of the SS dosing during deployment, but
rather due to bedload movement/disturbance of materials reflective of the load that was
previously in suspension. These conditions argued for the deletion of the data from the set.
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Table 5.  Summary of sediment deposition data.

Site Days
deployed

Mean
suspended
sediment
during

deployment
(mg·L-1)

Suspended
sediment

dose during
deployment

period
(mg·L-1·days)

Porosity
(%)

  Paricle
< 1.18

(g)

Size
< 0.300

(g)

Fractions
< 0.075

(g)

Mean
weight

of
matrix

(g)

Centennial 30 101 3035 11.6 21.3 9.1 3.4 6800
Grizzly Bear 30 70 2097 19.4 20.0 8.6 3.9 5610

Hah 30 24 731 25.2 11.5 4.2 1.6 5520
Spruce (lower) 30 30 900 32.5 15.1 8.9 2.5 5200
Spruce (upper) 30 42 1266 11.8 25.3 9.3 3.5 6590

Centennial 60 72 3972 6.3 41.8 15.1 6.2 6150
Haggen 60 72 4314 2.5 45.1 14.3 3.8 6430

Spruce (upper) 60 31 1884 12.3 20.6 7.9 2.8 6960

Great variability was noted in accumulated material in all three size fractions among
traps from individual sites (mean standard deviation <1.18 – 18%, <0.300 – 16%, <0.075 –
 20%). The data point scatter to either side of the regression lines can be partially rationalized by
field observations and examining the material recovered from the traps. Scour and bedload
movement had considerable influence on the accumulation of material in the traps, as indicated
below for each site.

Traps at the Hah Cr., Spruce Cr. (lower) and Grizzly Bear Cr. sites were all subject to
flows that partially or completely scoured and shifted the traps (e.g., losses at Grizzly Bear Cr.
and Spruce Cr. (lower) sites). The traps that were recovered had significantly less matrix material
than when they were deployed (from comparison with method blanks; F(3,12) = 10.98, p < 0.01),
indicating the scour to which these traps were subjected. As well, the traps contained
significantly less total material than those recovered from other sites (i.e., traps were not full;
F(7,28) = 25.04, p < 0.01). Therefore, the low amount of accumulated material in these traps in
the 3 size fractions (Figs. 4–7, Table 5) is not truly indicative of low deposition. The lack of
material also accounts for the high porosity values (lower Spruce Cr. site traps had higher
porosity than method blanks).

Although all 20 sediment traps were retrieved from the Centennial Cr. site, there was
evidence of substantial erosion and bedload movement that buried the traps for the majority of
the deployment period. Traps recovered at 60 days had, on average, nearly twice the accumulated
fine material (<1.18 mm) than those at 30 days. However, the 60 day traps had significantly less
matrix material than the 30 day traps (F(1,9) = 22.76, p < 0.01), resulting in extra space that
would be filled with smaller material (e.g., by bedload movement). This suggests that the large
amounts of accumulated material in the 60 day traps (Figs. 4–7, Table 5) do not represent
material settling from suspension. Although porosity values were substantially lower than
reported in the 1970s (23% spring, 16.5% summer; Slaney et al. 1977b), no conclusions should
be drawn since values from this study would be under the influence of bedload movement, not
solely deposition.

Traps at the upper Spruce Cr. site were spared some of the difficulties with high flows
and scouring apparent at other sites, but were still subject to bedload movement. The traps
retrieved from the upper Spruce Cr. site at 60 days had less material in all 3 size fractions than
traps pulled at 30 days (Figs. 4–7, Table 5), but no significant change in mass of matrix material
(F(1,9) = 3.96) or total material (F(1,9) = 0.59). This suggests that these traps may have reached
an equilibrium amount of accumulated material (Larkin and Slaney 1996).  
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Figure 4. Sediment accumulation versus mean suspended sediment concentration (error bars = ± 1 standard error).
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Figure 5. Sediment accumulation versus log {mean suspended sediment concentration} (error bars = ± 1 standard error).
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Figure 6. Sediment accumulation versus suspended sediment dose (error bars = ± 1 standard error).
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Figure 7. Sediment accumulation versus log {suspended sediment dose} (error bars = ± 1 standard error).
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Traps from the Haggen Cr. site accumulated more material than traps from any of the
other sites. Flows were high and no traps were visible at the Haggen Cr. site after 30 days of
deployment. Ten traps were excavated at 60 days from under several centimetres of substrate.
The sediment traps were not level with the streambed substrate for more that a few days at the
onset of the study, but rather were buried for the duration. Hence, the material accumulated in the
traps is almost entirely because of bedload movement, and packed under the weight of bedload
above. Porosities measured in traps from the Haggen site ranged from 0 to 6.7%, and further
attest to compaction of trapped materials by bedload.

Discussion

Despite all the difficulties with trap retrieval and the implications of bedload movement,
relationships between suspended sediment loading and sediment deposition in the traps were still
established. Based on R2 values, sediment accumulation versus dose (Fig. 6) is the soundest
correlation, particularly for the two larger particle size fractions. Relationships with mean
sediment concentration (Figs. 4 and 5) have low R2 values; discussion of suspended sediment
data already indicated that the use of the mean concentration was not indicative of prevailing
conditions.

Although a statistically reliable relationship was found between dose and sediment
accumulation in traps, field observations in conjunction with more detailed data analysis question
the success of the calibration. Flow conditions during the spring of 1997 were extreme, resulting
in bedload movement, scouring, and shifting that contributed to both burial and loss of traps.
Material accumulated in the traps was oftentimes not indicative of deposition of suspended
materials. The correlation demonstrated may be attributable to bedload composition in streams
being characteristic of prevailing suspended sediment dosing conditions. Hence, the material
accumulated in the traps would in effect be a sub-sample of stream substrate as opposed to
strictly indicative of material settling from suspension. A more instructive and convincing
calibration would either be sampling streams subjected to less bedload movement, or focusing
the monitoring during a less extreme season (i.e., autumn).

Field conditions during this study were consistent with observations made during the
study in Centennial Cr. in the 1970s. Upper layers of gravel became encrusted with fine sediment
(Centennial Cr.; Brownlee and Shepherd 1975 MS, Slaney et al. 1977a), which was noted at sites
here as well (e.g., Centennial Cr., Haggen Cr.). The fine sediments then and now formed a
hardpan layer that would appear impenetrable to emerging fry. Also observed during the 1970s
study (Slaney et al. 1977b, Brownlee et al. 1988) were rubble and cobble areas with substantial
amounts of sediment deposited in rock interstices. Such conditions were repeated, most notably
at the Thursday Cr. site where the streambed was blanketed with fine sediments after the peak
event in mid-May. Streambed sedimentation in the 1970s study was deemed sufficient to
seriously impact spawning gravel quality, survival of eyed trout eggs to pre-emergence, and
impair rearing habitat by both infilling of overwintering areas and reducing standing crops of
benthic invertebrates (Slaney et al. 1977a, b). Analagous conditions appear to persist some 25
years later.
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SUMMARY & RECOMMENDATIONS

Suspended Sediment

The suspended sediment survey during the spring snowmelt period indicated that
sediment delivery to the 9 streams surveyed was highly variable. Suspended sediment
concentration profiles in some streams were indicative of chronic sources of sediment (e.g.,
Centennial Cr.), but profiles in other streams were indicative of episodic sources of sediment, the
extreme case being probable mass wasting in Thursday Cr.. For these episodic streams in
particular, the mean suspended sediment concentration over the study period was generally not
representative of prevailing conditions, with median providing a more suitable measure.
Sediment source surveys would be of use for each stream to identify upstream conditions
contributing to sediment delivery, both natural and logging induced sources (although if rates of
deforestation are high (> 25%), differentiation would be confounded by changes in the
hydrologic regime).

Severity-of-ill-effect values determined from the suspended sediment data were
sufficiently high to indicate lethal and paralethal effects on the resident and migratory fish
populations present in streams during the study period. Particularly severe impacts were
predicted for eggs and developing larvae. For events of magnitude such as in Thursday Cr., the
dose response model used here may be less useful than impact assessment based on a stream
survey technique (Newcombe 1996).

The suspended sediment data collected confirm the need for hillslope and/or stream bank
restoration in the central interior, to address and reduce suspended sediment loading and
resulting impacts on water and habitat quality.

Sediment Deposition

The high flow conditions in the spring of 1997 created considerable interference with the
calibration of the sediment traps. Much of the material accumulated in the traps was attributed to
bedload movement and not deposition. Despite the problems, a sound relationship between
sediment accumulation in the traps and suspended sediment loading was found. However, this
success may also be attributable to bedload composition in streams being characteristic of
prevailing suspended sediment dosing conditions. Regardless, extending the established
correlation with glacially-derived sediments (Larkin and Slaney 1996) to pre-restoration
conditions in the central interior indicates that accumulation in the traps, regardless of the source,
is positively correlated to sediment loads in suspension during the deployment period.

Previous experience (Slaney et al. 1977b; Larkin and Slaney 1996) suggests that loss and
burial of many of the traps in this study was an isolated incident brought about by the high flow
year. In areas with the potential for volatile stream flows, bedload movement and shifting
channels, efforts need to be made to protect the traps in the future from scour and washout. Using
the traps in the fall when flows are driven by moderate rainfall events may reduce the risk of
possible problems caused by extreme spring flows. Another alternative is to move the traps
upstream into lower order streams where the hydrologic impact of forest harvesting may be less
pronounced. However, upstream sites are usually less accessible, especially in the spring.
Ultimately, the traps need to be reliable in areas downstream of intended erosion control projects.
The traps also need to be protected from vandalism that has occurred during calibration in two
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consecutive years (perhaps the use of signs, such as employed for demonstration restoration
projects, would educate the public as to the value of the work).

A proposed strategy for utilizing the traps is to make comparisons between control and
treated sites, before and after hillslope and/or stream bank restoration. Since the traps offer no
guidance as to the source of the material, the change in suspended sediment load due to the
influence of the project will have to be substantial enough to be detected as a statistical
difference in sediment accumulated. In streams carrying high suspended sediment loads, this
change may need to be quite large for the traps to be effective project monitors. The traps need to
be in situ to record the suspended sediment load when the greatest difference from before to after
will be detected. Exact timing of loading events is unknown, and therefore groups of traps (i.e.,
10 or more) deployed at intervals throughout the study period may be the safest approach.
Opportunity for deployment and retrieval of traps is determined by flow conditions, but intervals
of 30 days are sufficiently long to accumulate material in the traps. Data from the suspended
sediment survey indicate that the traps would be of great value to capture episodic loading events
that are short in duration but often significantly contribute to sediment dosing.

Qualitative and quantitative estimates as to the success of erosion control projects should
be possible with sediment deposition traps, provided sediment accumulation can be restricted to
deposition. Such estimates may allow for benefit analyses of project improvement on water
quality and fish habitat. The sediment traps are a robust technique and should become an integral
part of monitoring the effectiveness of restoration projects involving erosion control, and will
complement studies of benthic invertebrate and fish standing crop to evaluate overall project
success.
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