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Introductory Comments for FFIP/Carnation Creek Workshop
D W

Welcome to the Workshop.
Both the Carnation Creek and Fish/Forestry
Interaction Program (FFIP) have advanced our
understanding of fish, forestry, and the effects of
forestry and fisheries.
It is important that both projects started at
opposite ends of the spectrum.
Carnation Creek was driven by research people
who wanted to provide the basic, locally generated
knowledge for fish/forestry management. To a
degree, the program was calm, and it wasn’t until a
decade after the program started that managers said,
“Let’s use this information now.”
The Fish/Forestry Interaction Program was the
silver lining to the dark cloud of Riley Creek.
Managers wanted to know yesterday. There was hot,
dirty water all over the place. Things were never
calm in FFIP, and scientists were pressed to come up
with interpretations immediately. There was no time
for researchers to quietly mull over their data.
Whatever the differences in their origin and overall
project design, there are some important similarities
between the two research programs:
1. Continued Management Intent: Fish/forestry
research is long term. Most projects can’t be done
in a week or two. Several years are generally
required, and some aspects require decades. This
means that budgets have to be there, and this
means that managers have to recognize the value
of the work and keep it afloat. Both Carnation
Creek and FFIP had such support.
The key players over the last 25 years on the
Steering Committees have been:
• Bill Young, John Cuthbert, Keith Illingworth and
Ted Baker from the B.C. Forest Service;
• Forbes Boyd and John Payne from the
Department of Fisheries and Oceans;

• Jim Walker, Ian Robertson and Dave Narvier
from Fish and Wildlife of the B.C. Ministry of
Environment, Lands and Parks;
• Vern Welburn and Alex Sinclair from the Forest
Engineering Research Institute of Canada;
• Grant Ainscough and Dave Handley from
MacMillan Bloedel Limited.
Over the next three days we will focus on the
Carnation Creek and FFIP researchers who do the
work and the operational people who have implemented the results. It is important that we take our
hats off to the Steering Committee members. Without their continued support over the past 25 years,
we wouldn’t be here today.
2. More Effective Guidelines: Knowledge gained
from the research has been used in creating more
effective management guidelines. Examples
include the B.C. Coastal Fisheries-Forestry
Guidelines (CFFG) and field guidebooks such as
the Management of Landslide Prone Terrain
handbook. Reviews of field practices such as the
“Assessment of the Applications and Effectiveness
of the CFFG” have shown that these guidelines
are effective when implemented. But
implementation has been an issue, so now with
the Forest Practices Code, the application of
research-based prescriptions will become law.
Local research results have long been recognized
as necessary for viable prescriptions. Carnation
Creek and FFIP are thus one of the cornerstones
of forestry/fisheries management.
But, I have two questions:
1. Have operational people applied all of the
research results they can? This is a question for
researchers to answer.
2. Are researchers covering the scope of issues
operational people encounter or foresee? This is a
question for researchers to answer.

1

This workshop is designed to pull research and
operational people together to explore these questions. The degree to which we depend on each other
is becoming more clear each year.
Back in 1982, at the Carnation Creek 10-year
review, operational people may have considered the
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research results “nice to know.” Now, with the Forest
Practices Code, research results should be
considered a “need to know.”
We’ve got 3 days of hard work ahead.
Best Wishes.

Introduction to Day 1: Focus on Research
M B

The goal of this workshop is to present the findings
from 20 years of fish/forestry interaction research at
Carnation Creek on Vancouver Island and 10 years
on the Queen Charlotte Islands. This workshop is
not, however, just about research results; it is about
applying the results to real problems on the
ground—it is about resolving everyday operational
problems. It is also an opportunity for us to go, as a
group, out to the field to see first-hand what the real
world holds—both problems and solution.
We have three days to achieve this goal. We will
spend the first day reviewing a wide range of research
projects and results. The second day will be spent in
the field looking at several of the study sites and
operational trials. The third day will concentrate on
lessons learned and the applications to fisheries and
forestry management. An objective of the workshop
is to cover each of these three components (research
results, field demonstrations and applied management solutions) with an equivalent level of effort.
This morning we begin with four presentations
that set the stage for the rest of the workshop. The
four preliminary papers are designed to:
1. compare and contrast the different study objectives
and research designs used in the FFIP studies;
2. provide an overview perspective of Pacific
Northwest landscapes in order to determine the
similarity of the two coastal environments
(Vancouver Island and the Queen Charlotte
Islands);
3. outline the common fish species found in these
areas and indicate some of the life history
strategies used to cope with in-stream
environmental change; and

4. use the results from recently completed
environmental audits to provide a backdrop for
the types and nature of the research and applied
studies carried out in the two fish/forestry
interaction programs.
Following the introduction, we will begin with
the first of 10 research presentations. These 10 have
been specifically selected for two reasons:
1. each paper summarizes numerous individual
research studies conducted within one of three
watershed process groups (hillslopes, stream
channels and fisheries); and
2. each paper indicates the link between watershed
processes and, as such, hillslope process research
results precede stream channel process research,
and that in turn precedes the fish population and
habitat research results.
So, the common themes and linkages that will be
pursued over the next three days are:
• research-field-applications; and
• hillslope-streams-fish.
The second day, to be spent in the field, will be
led by the individuals responsible for the field
research. An effort has been made to have the
younger researchers, often students, lead these field
demonstrations. My colleague, Nancy Wilkins, from
the Ministry of Environment, Lands and Parks, will
lead us through the third day dealing with
management applications.
And with that I would like to introduce our first
speaker. Thank you.
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Introduction: Workshop Outline and Experimental Design
C. P L

Introduction

Two major fish/forestry interaction programs have
been conducted in coastal British Columbia over the
last 25 years. The Carnation Creek Experimental
Watershed Study, located on the west coast of
Vancouver Island, began in 1970 and is currently the
longest-running program dealing with the impacts
of forestry practices on a coastal stream ecosystem in
North America.
The second initiative, the Fish/Forestry Interaction
Program (FFIP) on the Queen Charlotte Islands,
began in 1981. About 30 watersheds were looked at
in this program, which focussed on the effects of
landslides on channel morphology and fish habitat,
as well as on watershed rehabilitation techniques
and silvicultural treatments.
These two projects were conducted in similar
environments, but each used a different
experimental design. The different approaches have
provided an opportunity to understand ecological
responses both over very long time periods and for
diverse geographic conditions and logging histories.
The purpose of this workshop was to integrate
the findings from these two fish-forestry interaction
programs by:
• presenting research findings from studies in
Carnation Creek and on the Queen Charlotte
Islands;
• viewing a wide range of forest geoscience and
biological research results in the field;
• discussing the operational implications of the
research findings; and
• critically reviewing the current state of fishforestry interaction issues and identifying future
research directions.
This paper introduces the two programs, briefly
describes their objectives and components, and
looks critically at the advantages and disadvantages

of each study design. The conclusion is that while
neither program is an ideal example of its design
type, both have been immensely valuable to our
understanding of fish-forestry interactions and to
forest management in British Columbia. Taken
together, they have had a cumulative effect—their
combined value has been greater than the sum of
their individual values.
Experiment or Case Study? Both Carnation Creek
and FFIP have been described as experiments.
However, the word experiment has been used
freely—many would say too freely—in the environmental sciences to describe almost any research
program for which a set of observations has been
planned in advance. The implications of a real
experiment can be substantial and differ in both
kind and significance from the alternative, a case
study. The definitions below are abstracted from
Church (1981):
Experiment
• carefully designed to critically evaluate a
conceptual model or generalization (e.g., logginginduced mass wasting in steep coastal watersheds
significantly reduces fish populations);
• requires that a set of specific tests be developed to
provide a clear choice among competing models
(e.g., one test in a set could be a comparison of
landslide frequencies in logged and unlogged
basins);
• control is critical: treatment effects must be
conclusively isolated from external variability; the
landslide frequency comparison must be among
biophysically similar basins.
Case Study
• sequential monitoring of changes to understand
variability and develop—not test—conceptual
models;
• makes no attempt to exert experimental control.
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An experiment, then, provides conclusive testing,
while a case study provides understanding. The case
study may be scientifically and operationally
valuable but it should not be the end of the road.
Carnation Creek

Carnation Creek (Figs. 1–2) drains into Barkley
Sound on the west side of Vancouver Island
(Scrivener 1987). It produces coho and chum salmon
and steelhead and cutthroat trout. The Carnation
watershed is in the Coastal Western Hemlock Biogeoclimatic Zone and is small (basin area 11 km2),
with no lakes. The local climate is per-humid
(2100–4800 mm annual precipitation) and the
hydrograph rainfall-dominated (95% of the annual
precipitation falls as rain). Monthly streamflows are
highly variable, ranging from 0.025 m3s-1 in summer
to 33 m3s-1 during winter freshet. Peak flows up to
64 m3s-1 have been measured.

figure 1 Map of the Carnation Creek Watershed.
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The basin is characterized by irregular
topography, with a wide valley flat downstream,
confined channels in the mid-valley, and steep valley
walls with bluffs and rock outcrops in headwater
areas. The bedrock is primarily volcanic with thin,
coarse-textured soils that are well drained in most
non-alluvial locations.
Project Objectives The Carnation Creek project
began because of serious conflicts between
approaches to the management of fisheries and
forest resources in the late 1960s (Narver and
Chamberlin 1976). In 1970, little relevant
information was available from British Columbia or
from cedar-hemlock watersheds anywhere in the
Pacific Northwest. Funding restricted activities to a
single watershed, with annual monitoring of
summer fish populations at four other locations in
Barkley Sound (Scrivener 1987).

– fish: adults, fry/smolts leaving, juveniles, use of
tributaries

figure 2 Carnation Creek: View downstream after
logging.

The objectives of the project were to:
• understand the workings of undisturbed coastal
rainforest-salmonid stream ecosystems;
• explain the impacts of clearcut logging on stream
environments and salmonid fishes; and
• enable the development of sound, practical
integrated resource management guidelines.
Study Components The intent of the study was to
show how attributes measured in the stream are
related to stream productivity and to processes that
originate upslope (Narver and Chamberlin 1976).
Components have included (Scrivener 1987):
• hydrometeorology
– weather records from 10 stations
– surface and ground water levels
• soil and vegetation disturbance and recovery
– cutblock surveys before and after logging and
after burning
• channel sediment movement
– suspended sediment movement at B-weir
(Fig. 1)
– gravel and sand transport by direct
measurement at B-weir
– annual changes of pools and streambanks in
study sections
– particle size distributions
– large organic debris
– scour and deposition rates (freeze-cores)
• energy gains and losses
– water temperatures
– dead leaves and needles (>12 tons/year)
• biological processes
– periphyton biomass (attached algae)
– stream invertebrates

Study Design After the classification of Hall et al.
(1978), the Carnation study design was labelled
“intensive pre-post treatment,” involving a single
basin only (Hogan and Chatwin 1992). Biological
and physical features were intensively monitored for
5 years before logging began (1971–1976). This was
followed by a timber harvest phase that ended in
1981, by which time 41% of the basin had been
logged. Little harvesting took place between 1981
and 1986, the formal post-logging phase, but
subsequent harvesting increased the total logged
area to 61% of basin area by the end of 1993.
The initial experimental design focussed on the
impacts of streamside logging, not on upland
impacts. Three streamside treatments (Fig. 1) were
used during the logging phase (Scrivener 1987):
• leave strip: downstream 1300 m; variable width
leave strip with deciduous and merchantable trees;
• intense: next 900 m upstream; all merchantable
timber yarded away and through the stream;
streambanks and large debris damaged; and
• careful: farthest upstream; minor vegetation left;
little cross-stream yarding; alder felled and burned.
Advantages and Disadvantages The Carnation
Creek approach (Hogan and Chatwin 1992) has had
very significant benefits. The study design has
provided:
• over 20 years of complete salmonid life cycle that,
for example, enabled Scrivener (1991) to develop
a predictive model that distinguishes among
overwintering, marine, and climatic factors
contributing to chum production;
• detailed, spatially and temporally intensive,
physical data sets which, among many possible
applications, may allow determination of rates of
recovery after disturbance;
• over 180 publications by 1989;
• a broad set of pre-treatment data that can be used
in after-the-fact post-treatment projects; and—
perhaps most significantly—
• an understanding of long-term environmental
interactions that has been invaluable in the
development of the Coastal Fisheries-Forestry
Guidelines and the subsequent Forest Practices
Code of British Columbia.
There is another side, however. Both the
Carnation design and the way in which it was
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implemented also have some disadvantages and
weaknesses. These include:
• a focus on one watershed only, with no external
control (the lack of conclusive data on
Carnation’s biophysical similarity to other basins
has led to some questioning of the broad
applicability of research results);
• the concentration on streamside treatments (no
real consideration was given to upstream impacts;
other features of the watershed have since been
demonstrated to be important, especially the
canyon and large sediment source immediately
upstream of the “careful” treatment reach;
• location of the “undisturbed” reach downstream
from the “intense” treatment, again a reflection of
the lack of appreciation of upstream impacts at
the time the study began;
• atypical logging practices, both because those
logging practices have changed and improved over
time and because, in contrast to most other logged
coastal basins, no roads or bridges were constructed on the Carnation Creek floodplain; and
• renewed logging following the formal post-logging
phase, which has greatly complicated examination
of long-term watershed and channel recovery.

British
Columbia

Study
Area

133°W

54°N
Graham

Island

Gregory Creek
Riley Creek

N

by
d

an

Isl

8

es

Many areas of the Queen Charlotte Islands (Fig. 3)
are characterized by steep slopes and shallow, unconsolidated surficial materials that are subject to severe
natural mass wasting (Fig. 4). (Gimbarzevsky’s [1988]
aerial photograph-based regional inventory
identified more than 8000 individual debris slides,
avalanches, and flows and torrents.) At the same
time, the Islands contain significant fish resources
and some of Canada’s most productive forest land
because of the mild climate, high rainfall, and lack
of summer drought (Poulin 1984). The Charlottes

or

Queen Charlotte Islands: Fish/Forestry
Interaction Program

M

The net effect is that the Carnation Creek
Watershed Study cannot be considered an experiment in the sense described by Church (1981).
Specific hypotheses were not sufficiently inclusive
and the critical experimental controls were not
present in the design applied at Carnation Creek.
Carnation, by itself, is most properly labelled a “case
study”—a particularly valuable and long-term case
study, but a case study nonetheless.
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figure 3 Map of the Queen Charlotte Islands.

50

the late 1970s focussed national attention on the
Charlottes. A major storm in 1978 triggered landslides throughout the Islands. The next year, these
new slides on the west coast led to a major confrontation at Riley Creek (Fig. 6) between government
fisheries staff and loggers. The public outcry was
widespread. Steep-slope logging was blamed for
accelerating natural landslide rates and causing
major damage to salmon-spawning streams.

figure 4 The “natural” Charlottes.

exemplify, even exaggerate, what is known
throughout the Pacific Northwest: that active
logging, valued fisheries, and steep, unstable slopes
are a recipe for conflict.
Fish/forestry problems accelerated on the Islands
in the late 1960s when most low relief terrain had
been logged and forestry operations moved on to
the less stable slopes (Fig. 5). A series of events in
figure 6 Landslides at Riley Creek, 1979.

Project Objectives The Fish/Forestry Interaction
Program was government’s reaction to public
concern (Poulin 1984). Following from a task force
recommendation of the need for research, FFIP had
several objectives:
• to document the extent and severity of mass
wasting on the Queen Charlotte Islands and
assess impacts;
• to investigate stream and forest site rehabilitation
feasibility;
• to assess alternative silvicultural treatments; and
• to investigate alternative logging methods.

figure 5 Forest harvesting on steep slopes.

Many answers were known but not accepted.
There was a need to achieve “buy-in” as well as
understanding.
FFIP has been supported by the B.C. Ministries of
Forests and Environment, the Canada Department
of Fisheries and Oceans, the Canadian Forestry
Service, and the Forest Engineering Research
Institute of Canada (FERIC). Phase 1 began in 1981
and ended in 1986, culminating in a major
workshop at Sandspit on the Queen Charlotte
Islands in October 1986. Output from the program
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included numerous reports and publications, and a
set of policy recommendations was provided for
senior management in the Ministry of Forests. A
5-year Phase 2 FFIP was recommended, starting in
1988 and focussing on information transfer, field
demonstrations, monitoring, and selected new or
continued research.
Study Components The FFIP approach has involved
comparisons among many logged (treated) and
forested (untreated) watersheds, in contrast to the
long-term, detailed, single basin investigations
undertaken at Carnation Creek. Components in the
program have included:
• location, extent, and severity of landslides
– landslide frequencies, points of initiation,
and size?
– how reliable are available methods for
predicting slope stability?
• similarity measures for watersheds
– is there an operationally efficient and effective
method for comparing watersheds for research
and management purposes?
• effects of landslides on stream channels
– sources of sediment in the channels?
– response of channels to mass wasting inputs,
including downstream propagation and recovery?
• role of gullies in unstable terrain
– effect of logging debris and logging debris
clean-out in gullies?
– how should gullies be classified and managed?
• effects of landslides on fish and fish habitat
– effects of mass wasting on salmonid spawning
and overwintering habitats and on juvenile fish
populations and habitats?
• effects of landslides on forest productivity
• logging and silvicultural techniques
– factors in logging-related landslides and how
can they best be managed?
– advantages and disadvantages of alternative
silvicultural systems?
– is logging of unstable terrain by helicopter
feasible and beneficial?
• restoration/rehabilitation
– operational trial of a watershed rehabilitation
planning methodology
– placement and evaluation of log and other
structures in streams
• information transfer
– publication of A Guide for Management of
Landslide-Prone Terrain in the Pacific Northwest
(Chatwin et al. 1991)
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Study Design The Queen Charlotte Islands FFIP is
an example of the “extensive post-treatment” design
in the classification of Hall et al. (1978). The
approach involved:
• studies in a broad range of watersheds, both
unlogged and previously logged;
• multiple basin case studies;
• opportunity-based prescriptive projects; and
• some “real” experiments.
Component studies that met or attempted to
meet the criteria for a true experiment as laid out by
Church (1981) include:
• Hogan’s early work on stream channels in paired
basins (Hogan 1986);
• recent Hogan channel recovery work
(Hogan et al., this volume);
• investigations by Bovis and others of the role of
woody debris in gully erosion (Bovis et al., this
volume); and
• the Rennell Sound helicopter logging impact study.
Advantages and Disadvantages Like Carnation
Creek, the FFIP design has both positive and
negative aspects. Among the advantages:
• more comfort with extrapolation because of the
wide temporal and spatial perspective offered by
a multi-basin program;
• a potential for shorter study lengths in situations
where differences between basins can be used to
infer changes through time;
• the ability to include opportunity-based work,
such as creating and taking advantage of forest
harvesting initiatives to test preventative
techniques and rehabilitative measures; and
• roughly 40 publications generated over a
relatively short period of time.
On the negative side, FFIP suffers because:
• minimal pre-treatment data are available;
• treatment variability must be isolated from
natural variability—something that can be
difficult to impossible to achieve in some
circumstances (e.g., isolation of habitat effects
from the many other factors that affect
anadromous fish population numbers over the
short term);
• many component studies do not include rigorous
watershed similarity testing and do not meet the
standards for a well-formed experiment; and
• logging practices examined may be obsolete or
non-typical; many of the studies consider logging
that took place as much as 50 years ago.

The net effect is that FFIP is a heterogeneous
mixture of study designs, some rigorous and some
not, which contributes significantly to a conceptual
model of the impacts of logging-induced mass
wasting on fish production. The program on its
own, however, does not provide the critical
predictions needed for full model testing. Nor, for
most components, does it enable quantitative
prediction of impacts.
Carnation Creek plus FFIP: “Cumulative Effects”

Both the Carnation Creek Experimental Watershed
Study and the Fish/Forestry Interaction Program on
the Queen Charlotte Islands have played critical
roles in the development of forest management
regulations, guidelines, and practices in British
Columbia and elsewhere in the Pacific Northwest.
Together, their impact and value add up to more
than the sum of their individual contributions.
Long-term results in Carnation Creek confirm that
FFIP findings are realistic and add a deeper and
more realistic understanding of the processes and
responses behind those findings. The results of FFIP,
on the other hand, provide justification for the
extrapolation of Carnation findings to other coastal
basins. The two programs have had a synergistic, or
cumulative effect.
We have seen, though, that neither program is an
ideal example of a true experimental design type.
This means that results must be viewed with realistic
skepticism and that extrapolations will continue to be
dangerous and subject to controversy. Nor is quantitative prediction possible at this point in time. Conclusive experiments are yet to come in the years ahead.
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The Landscape of the Pacific Northwest
M C

Introduction

The “Pacific Northwest” is a nebulous place: it
denotes different geographies to different people.
Broadly, it is that region within which the climate of
the northeast Pacific Ocean laps onto the North
American continent. Because we are concerned with
the forests of the northwest coast of North America,
the Pacific Northwest will be defined in this paper as
the region occupied by the massive coniferous forest
characteristic of this coast. By this definition, the
region stretches from 61°N at Cook Inlet, Alaska,
through 20° of latitude to Eureka, California (Fig. 1).
Tectonic History

The contemporary environment of this region began
to develop about 10 million years ago when the
Coast Mountains of British Columbia and the
Cascades to the south began their most recent phase
of uplift, a consequence of tectonics on the leading
edge of the continent. The tectonic regime is
controlled by the relative motion of the Pacific, Juan
de Fuca/Explorer, and America plates (Fig. 2), which
meet in a triple junction off the north coast of
Vancouver Island. The Pacific plate is moving north
relative to the continent along the Queen CharlotteFairweather fault system at about 6 cm a-1 (Keen and
Hyndman 1979). To the south, the spreading rate on
the Juan de Fuca and Explorer ridges is 4–6 cm a-1
and at least part of this motion is taken up by
subduction of the Juan de Fuca plate under the
continent. The continental margin is, then,
seismically and volcanically active. But, whereas the
locus of activity lies offshore—along the Queen
Charlotte fault—in most of British Columbia,
activity moves onshore over subducting margins in
the Cascade province and southern Alaska (Fig. 2).
The most impressive physiographic evidence of
subduction is the presence of lines of continental
stratovolcanos in the Cascades from northern
California to southernmost British Columbia, and

in the Wrangell arc, extending from the St. Elias
Mountains along the Alaskan coast. In between,
basaltic volcanic centres, indicative of deeper-seated
vulcanism, occur in the Anahim and Stikine belts of
British Columbia (Fig. 2).
Uplift in the Coast Mountains of British
Columbia within the last 10 million years has been
up to 4 km; that is, up to 0.5 mm/year (Parrish 1983:
see Figure 2). While the northern part of the ranges
experienced greater uplift in the earlier part of the
period, the southern Coast Mountains have experienced uplift rates of greater than 0.5 mm/year in the
latter half of the period. Over half of the uplift is
probably due to isostatic compensation of erosion
during the period; the balance is due to primary
tectonic uplift. Contemporaneous tectonic uplift,
evidenced by major earthquakes, averages about
2 mm a-1 along the outer coast of British Columbia
and several millimetres a-1 in the St. Elias-Alaskan
coast region. There also remains significant isostatic
adjustment in heavily glaciated regions of southwestern Yukon Territory and southern Alaska. The
importance for us of this tectonic history is that the
development of the biota of the Pacific Northwest
occurred within the same 10-million-year period
and probably was conditioned by it.
Glaciation

Glaciers formed in southern Alaska more than
9 million years ago (Denton and Armstrong 1969).
Complete Cordilleran glaciation within the last
3 million years (Clague et al. 1989) has strongly
sculpted the valleys and mountains in Canada and
Alaska. The effects are particularly conspicuous on
the Pacific Coast, which is highly dissected and
indented by fjords extending as much as 150 km
inland. Local relief near the axis of the Coast
Mountains is as much as 2500 m, with additional
submarine relief of up to 750 m (Mathews 1989).
The fjords and terrestrial valleys, which generally
represent the structurally controlled, pre-glacial
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figure 2 Tectonic setting of the Pacific Northwest. Data
adapted from various chapters in Gabrielse
and Yorath (1992).

drainage lines, exhibit remarkably steep, glacially
eroded slopes. Deglaciation has abandoned
sediments that are not stable in this steep landscape.
A consequence of Cordilleran glaciation was
substantial isostatic depression of the land surface
under the weight of ice. The delayed recovery
following removal of the ice permitted the sea to
flood coastal valleys (Fig. 3), so that highly erodible
marine silts occupy many sites near sea level today
(Clague 1981). Farther inland, late glacial icedammed lakes permitted the accumulation of
similarly erodible lacustrine silts in many valleys.

In the Cascades of Washington and Oregon states,
and in northern California, glaciation was very
much more restricted. Here, alpine glaciation occurred in the high mountains; elsewhere, however,
much older, more deeply weathered surfaces persist.
Nonetheless, the sedimentary and volcanic rocks of
much of this region are relatively highly erodible, so
that substantial slope instability is found in these
mountains as well. The different Quaternary histories of the northern and southern portions of the
Pacific Northwest mean that caution must be
exercised in comparing experience of soil and slope
stability between the two. (Figure 1 shows the southern limit of general Cordilleran ice inundation.)
Much of the glacial sediment was evacuated from
steep, headwater drainage basins relatively quickly,
so that contemporary natural rates of erosion are
not high (Fig. 4). However, a major episode of
“paraglacial” sedimentation continues in the main
mountain valleys (Church and Slaymaker 1989) as
sediment flushed out of small upland basins thousands of years ago is resorted and moved onward by
the rivers.

Sediment yield (Mg km-2 yr-1)
1000
500
~1000 km2
10 000 km2+
100
50

10
5
<100 km2
primary subaerial denudation rate
1
0.5
12

figure 3 (a) Patterns of post-glacial sea level change on
the British Columbia coast. (b) Generalized
distribution of post-glacial marine incursion
and deposits (Clague 1981).
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figure 4 Temporal pattern of paraglacial sediment yield
at non-glaciated upland and valley sites in
coastal British Columbia and Alaska. Values are
order of magnitude estimates based on the
contemporary spatial pattern of sediment yield
(Church and Slaymaker 1989).
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The result today of the tectonic and Quaternary
glacial history is a vertically zoned geomorphological
landscape (Fig. 5). The highest summits remain
subject to glacial or periglacial regimes, with frost
weathering the major evident process on exposed
rock. Episodic mass wasting—including debris slides
and flows on open slopes and in gullies, and rockfalls and rock avalanches originating on higher,
steeper faces—dominates mountain slopes. More
continuous fluvial processes sort the relatively coarse
glacial and mass-wasted material in the valleys. In
steep mountain valleys with restricted or no valley
flat, the slope regime of mass wasting delivers material directly to the streams. However, in the larger
glacial troughs, slopes may be mainly decoupled
from the main river, so far as the transfer of coarse
material goes. The consequence is the build-up of
moderately sorted sediments on lower valley sides
and in tributary valleys in the form of colluvial
footslopes, debris cones, and alluvial fans. The major
rivers evacuate Quaternary sediments mobilized
from their banks and the fine, wash-load component
of material mobilized upslope.

Landform

Sediment transfer mechanisms

Mountain summits,
ridges

glacial and nival processes
all gradients
70%
treeline

Debris slopes,
avalanche, slide
and slump deposits
35%
Colluvium, glacial
drift, fluvial and montane
s
st
re
fo
debris, flow fans
ude
low altit sts
Landslide deposits
fore
Glacial deposits, fluvial deposits

mass wasting with frost
snow avalanche
mass wasting,
debris flow, fluvial
20%

dominantly
fluvial

Sedimentation in lakes and ocean

figure 5 Generalized geomorphological zonation of the
Pacific Northwest landscape (after Ryder 1981).

Hydroclimate

A key element of the contemporary landscape is
water. Water moves sediments and nutrients. It is the
connecting link through all parts of the ecosystem.
Facing the north Pacific Ocean, and presenting a
high barrier to the westerly atmospheric circulation,
the region is very wet. Windward slopes in the
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region receive greater than 1 m of precipitation per
year; many locations receive greater than 3 m, and
extremes on upper mountain slopes may be higher
than 6 m. Because of the strong control of topography on orographic enhancement of precipitation,
substantial local variations occur. Although the
effect is well known, there are insufficient gauges—
virtually none at higher elevations—to permit
construction of a map that reveals these variations
systematically. The major regional precipitation
gradient is from the coast inland.
Precipitation is concentrated in the winter halfyear when cyclogenesis is very active in the North
Pacific and Gulf of Alaska. The most damaging
floods occur in mid- to late autumn as the result of
heavy rain and rain on snow, with the largest flows
tending to occur later in the year farther south. Fifty
percent or more of the annual precipitation falls as
snow, except near sea level on the coast. A high proportion of winter rain and melted snow runs off. In
the southern part of the region and inland, relatively
little of the summer precipitation runs off, but on
the coasts and farther north, an increasing proportion does so. The result is runoff ratios that vary
from 40% to more than 80% in outer coast basins.
Maximum specific runoff becomes larger in small
basins (Fig. 6). This is a consequence of the
concentration of maximum precipitation amounts
in relatively small areas. An analysis by Melone
(1985) shows an apparent upper limit for 24-hour
runoff of about 5 m3s-1km-2 in basins of less than
200 km2 area, but it is unclear whether this is the
result of a limit scale for precipitation cells within
large storms, or whether it merely reflects the
relative lack of observations on small streams within
the mountains. It is clear that the ratio of maximum
instantaneous runoff to maximum daily runoff
continues to increase in very small basins as a result
of the very restricted spatial and temporal scales of
extreme precipitation.
Extreme precipitation causes erosion. On mountain slopes erosion takes the form of debris slides in
unsaturated or partly saturated soil on open hillsides, and slides or debris flows in gullies. Because of
the spatially vagrant occurrence of extreme water
input, and because of the need for there to be a
supply of weathered, moveable debris, events in
individual headward tributaries may be fairly rare.
Recurrence intervals of between 30 and several
hundred years are suspected for major events (or for

sediment
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slopes

time

headwaters

main stem

50
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20
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figure 6 Relation of maximum specific runoff to drainage area in the Coast Mountains of British Columbia
(after Melone 1985).

a series of debris-exhausting events). Because drainage basins collect water and sediment flows from
many headwaters, events become more frequent, but
less dramatic, as one moves down the system (Fig. 7).
Major rivers move sediment regularly and with some
predictability, at least in the synoptic time scale, by
purely fluvial means. However, the highly contingent
nature of events on mountain slopes makes it
impossible to plan land use activities there that
altogether avoid hazards associated with slope failures.
On the other hand, it certainly is easy to
aggravate mountain slope instability. The normal
stability of steep slopes depends on drainage
mechanisms that move water through the relatively
coarse glacial and colluvial materials mainly in the
subsurface. This is achieved by the infiltration of
even intense storm precipitation into the highly
permeable forest soils and by storm flow working its
way through a network of soil macropores which
consist of root channels, animal burrows, highly

Specific runoff (m3 s-1 km-2)
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figure 7 Schematic diagram of the return period for
geomorphologically effective events in a
mountain drainage basin. Isolines are labelled
in years. Typical time sequences and magnitude-frequency graphs for upland/mass
wasting-dominated and lowland/fluviallydominated sediment transfer processes.
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porous, granular soils, and eroded pipes (Cheng
et al. 1975). The greatest concentration of drainage
tends to occur at the base of the weathered soil or at
the surface of compact glacial till or bedrock, and
these sites become failure planes when high water
pressures develop. Maintaining soil and slope
stability in this landscape depends critically on not
impeding this drainage mechanism.

precipitation

photosynthesis
100%

actual

potential

sapwood
saturation

The Forest

The forest has developed with the geology. Twenty
million years ago the Pacific Northwest forests
included oak, beech, sycamore, hickory, and elm (see
review in Waring and Franklin, 1979). Conifers of
modern genera were present at upland sites in Alaska
(Wolfe and Leopold 1967). By late Miocene time
(<10 million years ago), coniferous forests occupied
large areas on the uplands, but the deciduous lowland
forests persisted (cf. Martin and Rouse 1966, on
Queen Charlottes flora). By the end of the Pliocene
Epoch (ca. 2 million years ago), the flora was
essentially modern.
The apparently steady development of coniferous
dominance over about 10 million years is ascribed
by palaeobotanists to deteriorating temperatures,
with a severe decline in summer temperatures
occurring in the late Miocene Epoch (Wolfe and
Leopold 1967). This probably was related, at least in
part, to increasing altitude accompanying tectonic
activity. At lower elevations, the increasingly extreme
seasonal precipitation regime—also related ultimately to tectonics through the effect of the rising
mountain barrier on the atmospheric general
circulation—may also have been important.
Conifers possess a number of advantages for
survival in the seasonally wet/dry and thermally
moderate climate of the Pacific Northwest. They
have the ability to photosynthesize outside the main
growing season, which is more or less drought
restricted (Fig. 8), depending on location. Their high
sapwood volume gives them a high moisture storage
capacity with which they can protect themselves
against seasonal drought. They are also effective at
nutrient scavenging and nutrient retention. Nutrient
scavenging is promoted by the trees’ ability to be
physiologically active during late autumn and early
spring nutrient flushes; nutrient retention gives the
trees a competitive advantage on the heavily leeched,
nutrient-poor podzol soils.
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figure 8 Some aspects of the water balance of
coniferous trees in Pacific Northwest forests
(constructed in part from data in Waring and
Franklin 1979).

Exceptional features of the forest are the massive
size of the dominant trees and the sheer extent of
conifer dominance. Size is not the consequence of
superior productivity (the net primary productivity
of these trees is not exceptional), but of survival to a
remarkable age. Net primary productivity in these
forests, on the order of 10–15 tonnes/ha per year, is
about half to two-thirds of the values found in
tropical and subtropical forests. However, the
dominant trees may live for 400 to over 1000 years,
so the biomass of the natural forest is very high.
Values range to over 1000 tonnes/ha of which, in
old-growth stands, up to 30% may be dead wood.
See Grier and Logan (1997) for summary data.
The high old age reached by veteran trees, combined with the patchwork pattern of small openings
produced by windthrow, slope failures, and disease,
creates a remarkably complex forest structure within
which dead wood is a vital component. Structure
creates both vertical and lateral differentiation of
habitats. Vertically, the upper canopy, mid-canopy,
upper and lower understoreys, forest floor, and soil
create a well-differentiated range of physical and
climatic niches. Laterally, openings, downed wood
accumulations, and clumps of trees of various ages
provide different sorts of opportunities for other
organisms. This leads to a rich variety of ecological

niches and high biodiversity. Nevertheless, much of
the living forest fabric is not particularly palatable,
and so the incidence of herbivory, secondary
production and numbers of terrestrial animals
(particularly larger ones) are not notably high.
Stream systems, however, nurture large populations
of many organisms, including fishes.
The Fish

It is thought that the fishes of the Pacific Northwest
forest, notably the salmon, also have evolved with
the mountains. They are cold, fast-water fish. The
ancestral species, Eosalmo, was a small, sedentary,
whitefish-like animal, fossils of which are found in
British Columbia. By 20 million years ago, salmon
had appeared (Stearley and Smith 1994). The
ancestral taxon of Salmo and Oncorhynchus evolved
into a cold-water, long-distance migrant and spent a
protracted period at sea. It also evolved redd digging
and guarding. Cold-water tolerance, anadromy, and
redd digging are plausible adaptations to the water
quality, high hydraulic stresses, and materials found
in mountain streams. By mid-Miocene time
(10 million years ago before present), Oncorhynchus
were very diverse, but glaciation has considerably
restricted them.
The short period of stream occupation of the
Oncorhyncids is thought to be related, again, to the
tectonically determined stream environment. Chum
salmon (O. keta) spawn in the estuaries of small,
steep systems and quickly go to sea. The species that
spend a longer period in freshwater, the sockeye and
chinook (O. nerka and O. tsawytscha), dominate the
larger, lower gradient rivers that flow through the
mountains. Spawning strategies appear to be
adapted to the seasonal hydrology of the Pacific
Northwest mountains (Montgomery 1994). Most
species spawn in steep channels when the probability for scouring flows is declining (in early summer
or late autumn), or dig deep redds in larger, flatter
channels. High fecundity is a population survival
strategy exhibited by Oncorhyncids in face of the
hazardous mountain environment. Finally, the
swimming ability of the fish, including their jumping ability, is adapted to steep, swift waters. High
fecundity and the protracted period spent by the fish
in the ocean allow the streams to sustain large
populations, even though most of them could not
support large numbers of resident, adult fish of the
size reached by salmon.

In Holocene time, the Pacific Northwest rivers
have been very high salmon producers, and a
number of characteristics of the post-glacial landscape have made this possible (Northcote and Larkin
1989). Glacial sediments along the major valleys,
and the influx of material from mountain slopes,
assure a steady resupply of gravel to the streams.
Moderate turbidity in mainstem rivers provides
useful cover from predators during migration, while
normally clean, clear headwaters provide spawning
and rearing habitat. These circumstances reflect the
conditions of post-glacial sediment transfers in the
region (Fig. 4). Headwater lakes of glacial origin—
some of them large—provide a degree of flow
regulation along most major rivers, as well as habitat
for the sockeye. Melting snow from the uplands,
sustained well into summer, supports migration
runs over an extended period. On the other hand,
the relative isolation of many drainage systems has
favoured stock adaptation and genetic drift, so the
fishes exhibit a high degree of race distinction.
Glacial history has had a major influence on the
distribution of all the fish fauna of the region. Glacial
refugia were in the Columbia River system and in
Beringia. The post-glacial history of reoccupation of
the rivers is reflected in declining species numbers
northward, from 52 species in the Columbia system
(of a total of 61 native species) to 39 species in the
Fraser, 32 species in the Skeena, and only 27 species
in the Nass and Stikine (McPhail and Lindsey 1986).
In the Stikine, the first Beringian fish appear.
The People

The post-glacial migration of plants, animals and fish
into the region was accompanied by the immigration
of humans who became highly adapted to the forest
resources of the Pacific Northwest region.
People entered both from the south and the north
(Fig. 1). The southern immigrants had been subsisting in Washington and Oregon, south of the latest
Pleistocene ice in British Columbia. They are now
recognized to have been related to the classic Clovis
hunter-gatherer tradition of the plains and basins in
the Cordillera (review in Matson and Coupland
1995). But on their appearance in Puget Sound and
on the British Columbia Inner Coast more than
9000 years ago, they rapidly adapted to exploiting
fish—principally salmon—and inshore marine
fauna (Borden 1979). These provided much more
secure food sources than did hunting. The northern
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immigrants appear to have arrived from interior
Alaska and Yukon Territory, again almost as soon as
they could gain access past remnant Pleistocene ice.
These people appear to have adapted rapidly to the
coastal environment. They quickly moved southward on the sea, learning to exploit its resources as
they went.
The second major resource adaptation, though
well known, is less well remarked. After 5000 years
before present, the aboriginal cultures of this coast
became highly evolved civilizations by any standard,
and they depended for a wide range of their cultural
goods on one tree: the western redcedar, Thuja
plicata. From this wood they built seagoing canoes,
constructed massive plank houses, carved monumental poles and ceremonial objects, made cooking
and storage containers, and wove clothing, rope, and
matting. All of these products depended upon the
durability and working qualities of cedar.
The western redcedar did not become well established in the post-glacial forest until after 6000 years
BP (Hebda and Mathewes 1984). It appears to have
been slow to invade in drier, warmer early Holocene
times. Between 5000 and 2500 years BP, it became a
co-dominant on moist sites in the coastal forests,
and the people of the region learned to exploit it to
extraordinary effect. The evidence of their activities
remains present today in old-growth forests
everywhere in the region in the form of “culturally
modified” trees.
Summary and Prologue

The salmon and the cedar, products of the longterm natural history of the Pacific Northwest region,
were the most significant bases of the distinctive
cultures that were developed on this coast in
Holocene time. Salmon and cedar are intertwined in
other ways as well. The Pacific Northwest is characterized by a particular geological history that has
bequeathed to us a steep and geophysically active
landscape mantled by soils tenuously stable in the
humid climate, a forest of exceptional ecological
complexity, both terrestrial and aquatic, and a highly
developed cultural history with a special dependence
on the forest and the streams. When we work in the
forests today to extract timber, we may upset all of
these conditions if we are not careful. Our modern
commercial quest for cedar and the other softwoods
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has the potential to destroy the salmon and most of
the other features of the forest.
The purpose of this workshop is to examine progress made in understanding the effects of forest
harvest practices on coastal aquatic ecosystems, particularly on the salmon and their habitat. In British
Columbia, a large portion of the investment in such
studies during the last 25 years has been concentrated
in two major programs: the Carnation Creek experimental drainage basin (cf. Hartman and Scrivener
1990) and the federal-provincial Fish/Forestry
Interaction Program (FFIP) in the Queen Charlotte
Islands. The two programs have been entirely
different in their character (see Lewis in this report).
Carnation Creek is a classical longitudinal study,
with controls, of the immediate and long-term
effects of forest practices at one site. From such
studies we gain detailed knowledge of ecosystem
function, and how the system is disturbed by the
intrusion of logging. The results provide a template
for understanding what is happening elsewhere. But
one of the important lessons we have learned is the
importance of local and contingent effects in
determining how the ecosystem develops. Thus,
there must be doubt that the results from Carnation
Creek can be extrapolated to make quantitative
predictions for other sites.
For that, an appreciation of variability in the
landscape is required. The synoptic FFIP study
(Poulin 1984), in which a large number of stream
systems were examined in a similarly wet, west coast
environment, goes some way toward providing the
context of regional variability in both disturbances
and effects. Both studies are situated on the very wet
outer coast. The moderate relief (by regional
standards) and steep slopes at Carnation Creek,
developed on deformed sedimentary and volcanic
rocks, falls well within the range of land surface
conditions encountered in the Queen Charlotte
Islands. The forest at Carnation Creek is similar to
that of the Queen Charlottes, and the aquatic ecosystem—a steep channel with an alluvial lowermost
reach, hosting coho and chum salmon and cutthroat
trout—is typical of those on the Charlottes. These
conditions are broadly representative of the entire
British Columbia coast. It is appropriate to compare
these two study programs, and to apply the conclusion coastwide, appropriate respect being given to
the range of local landscape variability.

The papers in this workshop will summarize
much that we have learned from these studies, and
will point out many things that we do not yet know.
They will indicate where we must take fish/forestry
interaction studies next. Undoubtedly, the next stage
will incorporate a significant modelling component
that seeks to fuse the systematic knowledge gained
from Carnation Creek, and similar studies, with the
knowledge of regional conditions gained in studies
like FFIP. Ultimately, all of this work is rooted in the
conditions of the landscape. All of the papers in this
workshop will begin from one or another of the
conditions outlined in this paper.
References

Borden, C.E. 1979. Peopling and early cultures of the
Pacific Northwest. Science 203:963–971.
Cheng, J.D., T.A. Black, and R.P. Willington. 1975.
The generation of stormflow from small
forested watersheds in Coast Mountains of
southwestern British Columbia. Proc. Can.
Hydrol. Symp. 75, Nat. Res. Counc. Can.,
Assoc. Committee on Hydrology. NRCC
15195: 542–551.
Church, M. and O. Slaymaker. 1989. Disequilibrium
of Holocene sediment yield in glaciated British
Columbia. Nature 337:452–454.
Clague, J.J. 1981. Late Quaternary geology and
geochronology of British Columbia. Part 2:
summary and discussion of radiocarbon-dated
Quaternary history. Geolog. Surv. Can.,
Ottawa, Ont. Paper 80–35.
Clague, J.J. et al. 1989. Quaternary geology of the
Canadian Cordillera. In Quaternary geology of
Canada and Greenland. Geology of Canada,
Vol. 1. R.J. Fulton (editor). Geolog. Surv. Can.,
Ottawa, Ont., pp. 16–96.
Denton, G.H. and R.L. Armstrong. 1969. MiocenePliocene glaciation in southern Alaska. Am. J.
Sci. 267:1121–1142.

Gabrielse, H. and C.J. Yorath (editors). 1992.
Geology of the Cordilleran Orogen in Canada.
Geology of Canada, Vol. 4. Geolog. Surv. Can.,
Ottawa, Ont. Data of uplift from Parrish
(1983).
Grier, C.C. and R.S. Logan. 1977. Old growth
Pseudotsuga menziesii communities of a
western Oregon watershed: biomass
distribution and production budgets. Ecolog.
Monogr. 47:373–400.
Hartman, G.F. and J.C. Scrivener. 1990. Impacts of
forestry practices on a coastal stream
ecosystem, Carnation Creek, British Columbia.
Can. Bull. Fish. Aquat. Sci. 223.
Hebda, R.J. and R.W. Mathewes. 1984. Holocene
history of cedar and native Indian cultures of
the North American Pacific coast. Science
225:711–713.
Keen, C.E. and R.D. Hyndman. 1979. Geophysical
review of the continental margins of eastern
and western Canada. Can. J. Earth Sci.
16:712–747.
McPhail, J.D. and C.C. Lindsey. 1986. Zoogeography
of the freshwater fishes of Cascadia (the
Columbia system and rivers north to the
Stikine). In The zoogeography of North
American freshwater fishes. C.H. Hocutt and
E.O. Wiley (editors). John Wiley, New York,
N.Y., pp. 615–637.
Martin, H.A. and G.E. Rouse. 1966. Palynology of
Late Tertiary sediments from Queen Charlotte
Islands, British Columbia. Can. J. Botany
44:171–208.
Mathews, W.H. 1989. Development of Cordilleran
landscapes during the Quaternary. In
Quaternary geology of Canada and Greenland.
Geology of Canada. Vol 1. Chap. 1. R.J. Fulton
(editor). Geolog. Surv. Can., Ottawa, Ont.,
pp. 32–34.
Matson, R.G. and G. Coupland. 1995. The prehistory
of the Northwest coast. Academic Press, New
York, N.Y.

21

Melone, A.M. 1985. Flood producing mechanisms in
coastal British Columbia. Can. Water
Resources Assoc. J. 10(3):46–64.
Montgomery, D.R. 1994. Geomorphological
influences on salmonid spawning distributions. Geolog. Soc. America, Ann. Meet.,
Seattle, Wash., Oct. 24–27, 1994. Abstracts with
Programs: 439.
Northcote, T.G. and P.A. Larkin. 1989. The Fraser
River: a major salmonine production system.
In Proc. Internat. Large Rivers Symp. (LARS).
D.P. Dodge (editor). Can. Special Publ. Fish.
Aquat. Sci. 106:172–204.
Parrish, R.R. 1983. Cenozoic thermal evolution and
tectonics of the Coast Mountains of British
Columbia. 1. Fission track dating, apparent
uplift rates, and patterns of uplift. Tectonics
2:601–631.
Poulin, V.A. 1984. A research approach to solving
fish/forestry interactions in relation to mass
wasting on the Queen Charlotte Islands. B.C.
Min. For., Victoria, B.C. Land Manage. Rep. 27.

22

Ryder, J.M. 1981. Geomorphology of the southern
part of the Coast Mountains of British
Columbia. Zeitschrift fur Geomorphologie.
Suppl. 37:120–147.
Stearley, R.F. and G.R. Smith. 1994. Geological and
ecological history of the genus Oncorhynchus.
Geolog. Soc. America, Ann. Meet., Seattle,
Wash., Oct. 24–27, 1994. Abstracts with
Programs: 439.
Waring, R.H. and J.F. Franklin. 1979. Evergreen
coniferous forests of the Pacific Northwest.
Science 204:1380–1386.
Wolfe, J.A. and E.B. Leopold. 1967. Neogene and
early Quaternary vegetation of Northwestern
North America and Northeastern Asia. In The
Bering Land Bridge. D.M. Hopkins (editor).
Stanford Univ. Press, Stanford, Calif.,
pp. 193–206.

An Introduction to the Ecological Complexity of Salmonid Life History Strategies and of Forest Harvesting
Impacts in Coastal British Columbia
J. C S, P J. T,  J. S M

Introduction

Coastal watersheds are large producers of forest
products and salmonid fishes in British Columbia.
Coastal valleys contain all the “good” (3.3%) and the
“medium” (33%) industrial forest land of the
Vancouver and Prince Rupert forest regions (B.C.
Ministry of Forests 1980). Five species of Pacific
salmon and two species of trout use the rivers and
smaller streams of these forest regions. Two studies
of forest harvesting impacts on salmonids were
initiated to address concerns relevant to both regions:
the Fish/Forestry Interaction Program on the Queen
Charlotte Islands in 1978 and the Carnation Creek
project on Vancouver Island in 1970.
Streams are used in a different manner by each
salmonid species, thus impacts from forest harvesting are expected to affect each species differently.
Species such as pink, chum, and sockeye salmon use
streams primarily to incubate their eggs (Fig. 1).
Spawning

Chum pink

Fry emerging
Smolt
transformation

Sockeye

Seaward movement
Fry
Smolt 1+
Smolt 2+

to lake
Chinook

Smolt ≥3+
Coho

Steel cut

Winter

Winter

Winter

Winter

Winter

figure 1 A schematic representation of the freshwater
life histories of juvenile chum, pink, sockeye,
chinook, and coho salmon, and steelhead and
cutthroat trout in coastal British Columbia.

They emigrate either to the ocean or to lakes shortly
after the fry emerge from the streambed in the spring.
Sockeye salmon spawn in tributary streams to their
rearing lake or river (Burgner 1991). Chum salmon
spawn in the lower reaches of rivers and small
coastal streams. Often, these areas are under tidal
influence (Thornsteinson et al. 1971; Hartman and
Scrivener 1990). Pink salmon usually spawn in large
numbers in large rivers (Heard 1991), but they can
also spawn in estuaries. When both species use the
lower reaches of the same stream for spawning, pink
salmon tend to occupy intertidal areas, while chum
salmon occupy spawning sites immediately upstream
(Helle 1970; Thornsteinson et al. 1971). These
species are affected only by impacts to their spawning and incubation environments, but the location
of those environments differs for each species.
The other species incubate their eggs and rear for
varying periods of time in rivers and streams
(Fig. 1). Juvenile chinook salmon either occupy large
rivers for 6–12 months (Levings and Lauzier 1991)
or move into estuaries within 30–90 days (Healey
1983). In large river systems, they can move progressively downstream; often, some move upstream into
non-natal tributaries (Murray and Rosenau 1989;
Scrivener et al. 1994). Steelhead trout, the anadromous (sea-run) variety of rainbow trout, occupy the
main channel of rivers and streams for 2–3 years
before emigrating to the ocean (Fig. 1). Anadromous
cutthroat trout frequently spawn in small tributaries
with small gravel, and they rear for 2–3 years in the
main channel and small tributaries of streams
(Hartman and Scrivener 1990). Some rainbow and
cutthroat trout remain in freshwater throughout
their lives (non-anadromous or “resident”
populations). Forest harvesting impacts on spawning and egg incubation environments of streamdwelling salmonids can be either ameliorated or
made worse by impacts occurring in the subsequent
freshwater life-stages of each species (Hartman and
Scrivener 1990).
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Juvenile coho salmon reside for 1–3 years in
freshwater before migrating seaward as smolts. Their
life histories are complex during the period spent in
freshwater. They may use rivers and other large
streams in a manner similar to chinook salmon,
progressively moving downstream while in freshwater (Cederholm and Reid 1987), but they most
frequently inhabit smaller streams and ponds. We
have recognized five life history strategies for coho
salmon in one small watershed, the 11-km2
Carnation Creek system (Fig. 2):
1. they can remain in the main channel for 1 year
before emigrating to the ocean;
2. they can reside in main channel for 2 years (rarely
for 3) before emigrating;
3. some fish occupy the main channel for the
summer but move into ephemeral tributaries and
swamps for the winter during the 1- to 3-year
period of freshwater residence;
4. they can move downstream into the estuary for
the summer and return upstream into estuarine
drainages for the winter; or
5. they can occupy the estuary for the summer and
then move into the ocean during autumn.

All of these strategies contribute to adult escapement and catch (Hartman and Scrivener 1990). The
multiple strategies tend to stabilize smolt production,
because each environment is affected differently by
ecological processes. Stability of production is
essential for these small populations. Impacts from
forest harvesting would affect each of these strategies
differently.
Most forest harvesting impacts on streams fall
into three categories. The first group is related to the
regrowth of watershed vegetation. These impacts
begin immediately after logging and continue until
vegetation restabilizes the soils or channels.
Examples are: increased stream temperatures when
harvesting allows more sunlight into the stream
(Fig. 3); changes to the concentration of nutrients
and dissolved ions in stream water when soil disturbance (or burning) permits more leaching of soils
(Scrivener 1988); increased fine sediments in streams
when slope soils, road cuts, road surfaces, and road
ditches are exposed to erosion (Fig. 4); and decreased
inputs of leaf litter to streams when riparian vegetation is removed (Culp and Davies 1983).
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figure 2 Major habitat types and life history strategies
that are used by coho salmon in
Carnation Creek.
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figure 3 Monthly means calculated from daily
maximum temperatures from Carnation Creek
(1600 m), a fourth-order stream; and one of
its first-order tributaries (Tributary 1600)
where all riparian vegetation was removed by
clearcut logging during 1977 and by aerial
application of a herbicide during 1984.
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Organic litter is the major source of energy for
aquatic production within forested streams (Hynes
1970). The second group of impacts does not begin
immediately, but initiation depends on the
occurrence of large flood events with return periods
of 5–10 years. Examples of these impacts include:
increased occurrences of mass wasting (Swanson
et al. 1987); increased erosion and transport of
sediment and bedload when stream bank integrity is
lost (Fig. 5); changes to fluvial processes and channel
morphology when more sediment enters the
channel (Hogan 1986; Powell 1988); and changes to
the composition of the streambed (Fig. 6). The third
group contains very long-term impacts that can
appear in 10–20 years, but probably continue
throughout the forest rotation. An example is the
structural and habitat changes caused by the loss of
large woody debris (LWD) in streams (Fig. 7).
Processes that cause these changes have very
different time frames in coastal streams. The shortterm effects of the first group persist for 3–20 years
(Bormann and Likens 1979) and can be beneficial or
harmful to aquatic organisms (Hartman and
Scrivener 1990; Meehan 1991). The 3- to 5-year

1973–74

figure 4 Annual rate of suspended sediment transported

Years

figure 6 Percentage sand size and smaller particles in
the top layer of frozen gravel cores from the
leave-strip treatment (0–1400 m) of Carnation
Creek. Means and confidence limits (95%)
were obtained from 6 to 24 freeze-cores of
each period.
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figure 7 Mean volumes of large woody debris (>10 cm
diameter.) and standard errors for 53 streams
on the west coast of Vancouver Island
(Fisheries and Oceans Canada, unpublished
data), for 6 streams on the Queen Charlotte
Islands (from Hogan 1986), and for 27
streams on the Olympic Peninsula, Washington
(Grette 1985; Bisson et al.1987). The number
of streams in each category is also shown.

impacts from increased nutrient concentrations on a
stream’s primary production is lost as new vegetation begins extracting nutrients from the soil
(Hartman and Scrivener 1990). Temperatures of
coastal streams increase during winter, spring, and
summer after riparian vegetation is removed by
clearcut logging or herbicides (Fig. 3). Temperatures
decline again when vegetation shades the stream.
This occurs within 4 years in first-order streams
(Fig. 3) and in ~20 years in fourth-order streams
(Beschta et al. 1987). Increased levels of suspended
sediment from disturbed soils and roads persist for
6–10 years in coastal watersheds (Fig. 4; Beschta
1978), but can last longer if the roads are still being
used and maintained (Cederholm and Reid 1987).
A longer time period is required before the second
group of impacts fully manifests itself. Impacts in
coastal streams can continue accelerating for a
decade (Fig. 5) and may persist for many decades.
They tend to have harmful effects on stream productivity. Slope landslides and channel torrents
increased in the Queen Charlotte Islands within just
a few years after logging had begun (Hogan 1986).
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Channel erosion was still accelerating in Carnation
Creek a decade after adjacent areas were logged
(Fig. 5). Sands and fine gravels from debris torrents
and bank erosion were still being transported into
spawning gravels 1–2 km downstream, 10 years after
logging (Fig. 6; Hartman and Scrivener 1990).
Incubation success of salmonid eggs will probably
be reduced for decades because of this streambed
instability and increased sand (Hartman and
Scrivener 1990).
Impacts of the third group may not occur for
20 years after logging, but they can persist for
centuries in coastal streams. For example, LWD
continues to decline 70 years after harvesting in
riparian forests (Fig. 7). Hydraulic forces develop
zones of scour and deposition around the LWD, and
channel topography remains stable as long as the
LWD remains (Grette 1985; Hogan and Church
1989). A stable streambed is maintained for incubating salmonid eggs (Scrivener and Brownlee 1989)
and aquatic invertebrates (Culp and Davies 1983).
Pool area, which provides the rearing habitat for
fish, increases with LWD volume in streams 1–7 m,
7–10 m, and 10–20 m wide (Bisson et al. 1987). The
effective lifespan of LWD is 100–200 years in coastal
streams, because large conifers are preserved in
freshwater (Sedell and Luchessa 1982). A continual
source of LWD must be available if stream channel
habitat is to be maintained. However, red alder
(Alnus rubra) is the dominant deciduous tree in
riparian areas. This species does not support suitable
aquatic habitat because it is relatively small, unstable,
breaks easily, and decomposes rapidly due to
frequent freshets and moderate climate (Bisson et al.
1987). Therefore, 3 centuries may be required before
volumes of coniferous LWD return to pre-logging
levels in coastal streams (Gregory et al. 1987).
These impacts from forest practices must be
considered together with the effects of commercial
and sports fisheries, and the ecological processes of
climate variability in both freshwater and marine
environments if we are to explain the numbers of
adult salmonids returning to spawn. Furthermore,
forestry impacts must be examined for decades if
their role in determining fish production is to be
accurately quantified and clearly understood
(Hartman and Scrivener 1990). Salmon stocks can
be severely depleted when the harmful effects of
fishing, climate change, and land use are
compounded (Meehan 1991).
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Focus on Forestry-fisheries Problems: Lessons Learned from Reviewing Applications
of the Coastal Fisheries-Forestry Guidelines
D. T and D. H

Coastal Fisheries-Forestry Guidelines Audits

A common complaint about research is that by the
time the studies are complete and the information
disseminated, the original problem that initiated the
work no longer exists. Studies to explore the
influence of different streamside management
practices on aquatic ecosystems began over 20 years
ago in Carnation Creek. Do we still have streamside
management concerns? Have we learned enough
already to enable forest harvesting activities while
retaining fish habitat integrity? Determination of the
influence of forestry on hillslope processes and
stream environments was the focus of work begun
on the Queen Charlotte Islands over 10 years ago.
Have these problems been solved such that forest
and fishery management coexist in complete
harmony? This presentation will attempt to answer
these types of questions, and thereby provide a
frame of reference for much of what will be
discussed in this workshop.
Recent findings of environmental audits to assess
the effectiveness of the 1988 Coastal FisheriesForestry Guidelines (CFFG; see Tripp, this volume)
were used as a basis for the types of questions being
addressed by the Fish/Forestry Interaction Program.
The audits provided an opportunity for identifying
the type, nature and severity of common, and, very
importantly, contemporary stream impacts. This was
an opportune situation, because the usefulness of
past research has often been limited by the passage
of time. Once research results are finalized, the forest
industry has frequently found that the past
harvesting activities—as considered in the
research—are no longer practised. The next claim is
that the research findings are no longer applicable.
The environmental audits referred to here are
detailed in Tripp (this volume). The audit
population included only those cutblocks in coastal

British Columbia with fisheries concerns. These were
blocks that encompassed or impinged on Class I or II
streams, or blocks that included Class III or IV
streams that could affect Class I or II waters downstream. Stream reach classification was based
primarily on fish use as defined in the 1988 CFFG.
Class I stream reaches included any reaches with
anadromous salmonids or better-than-low levels of
resident sport fish at any time of the year. Class II
streams were reaches with low levels of nonanadromous sport fish. (Class I and Class II streams
are now referred to as Class A streams in the 1993
edition of the CFFG.) A Class III stream reach was a
reach with resident non-sport fish only; a Class IV
stream reach was a reach with no fish, nor any
likelihood of fish use in the future. (These streams
are now called Class B and C streams, respectively.)
The cause of any impacts was identified wherever
possible during stream inspections.
Stream Impacts

Approximately half (48.2%) of the stream reaches
inspected with fisheries concerns had a major or
moderate impact, as defined in Tripp (this volume).
The lowest percentage of streams affected was in the
Queen Charlotte Islands (23.6%); the highest
percentages were in the Kalum, North Coast, MidCoast, and Chilliwack forest districts (65–70%).
Differences among districts in the percentage of
specific stream reach classes affected tended to be
greatest for Class I–II streams, and smallest for
Class IV streams (Fig. 1). The best performance on
Class I–II streams was on the Queen Charlotte
Islands where only 8.3% of the Class I–II reaches
inspected were affected. Mid-Coast had the poorest
record for avoiding impacts on Class I–II streams
(56% of the streams), while Chilliwack had the
poorest record on Class III streams (60% of the
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streams). No district fared particularly well on Class
IV streams, where 56–100% of the streams inspected
with moderate to high transport potential had a
moderate to major impact.
Salmon (Class I) and other sport fish streams
(Class II) were less affected than resident fish (Class
III) or non-fish-bearing (Class IV) streams. For all
districts and all streams combined, including streams
with minor or no impacts, average net stream area
affected was 3% on Class I streams, 11% on Class II
streams, 16% on Class III streams, and 55% on Class
IV streams. Most of the streams affected were the
smaller, first-order streams or side channels evident
on 1:5000 scale maps. This was particularly true of
Class I and II streams, where the difference between
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100
100
92
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% reaches with moderate or major impacts
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Percent of streams with a moderate or major
impact, by Forest District and stream class.
Class IV streams here refer to reaches with a
moderate to high transport potential, and
which flow into Class I–III reaches downstream.

“large” and “small” streams was substantial compared
to most Class III or IV streams.
Larger streams were less affected by logging than
small streams, partly because larger streams were
usually better protected with Streamside
Management Zones (which included leave strips,
buffer strips, and machine-free zones) and partly
because of the conservative nature of the methods
used to estimate impacts.
Source of the Stream Impacts

If the amount of work currently being directed at
roads is any indication, there is a widespread belief
that roads are the main source of fisheries-forestry
problems. This may be true in terms of the degradation of plantable sites. It may also be true in terms of
the amount of fine sediments introduced to streams.
The audits consider only the overall net stream area
affected by increases in large woody debris (LWD)
and sediment loads, stream bed scouring, and
channel scouring. The results clearly indicate that
roads were much less of a problem than the harvest
operations themselves (e.g., falling, bucking,
yarding, and clean-up). Coast-wide, poor harvest
practices affected 7.5 times more net stream area
(120 000 m2) than poor road practices (16 000 m2).
Post-harvest failures (mainly torrents) were the
most significant problem overall, accounting for
39% of the total net stream area affected by all
problems combined (Fig. 2). A combination of
inappropriate streamside activities (such as overharvesting, trespasses, machinery or trails in
streams, burn piles in streams, stock piling gravel in
a stream, or excessive clean-up on streams)
accounted for another 20% of the total area affected,
all on fish-bearing streams. A lack of clean-up,
where clean-up was possible, and poor falling and
yarding practices represented another 17% and 11%
of the area affected, respectively.
With an average net stream area of 4400 m2
affected, inappropriate streamside activities were
individually the single most damaging problem. This
was followed by post-harvest failures at 2900 m2 of
net stream area per event. With the exception of
poor road deactivation work, individual differences
in the amount of stream area affected by all other
problems were small, ranging from approximately
350 to 760 m2. Although road deactivation work
accounted for the least area affected per incident
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  Total net stream area (m2) affected by each of
the 10 main problems observed in coastal
Forest Districts of British Columbia. Numbers
arranged vertically on the right are the number
of times each problem was observed. SMZ –
Streamside Management Zone.

(70 m2), this may underestimate the potential for
problems, since the only evidence of a problem
encountered (large accumulations of fine sediments)
was not visible until the next heavy rain.
Lessons and Research Directions

Of the streams inspected in the audits, almost half
with fish or of direct concern to fish-bearing streams
were affected by logging. Streams most likely to be
affected were those that lacked specific prescriptions
for some sort of buffer strip or appropriate harvest
techniques. Non-fish-bearing streams with a
reasonable potential of affecting fish resources
downstream were particularly prone to problems.
This indicates that upstream or upslope risks are not
always recognized or evaluated in a consistent
fashion. Simple, reproducible methods to
accomplish such assessments are needed. The work
reported in this workshop by Schwab, Bovis, Hogan,

and their co-workers relate to both hillslope research
and assessment methods.
Roads are regularly assumed to be the main
source of the problems. This may well be true in
terms of overall site degradation or the loss of
plantable sites, but it was clearly harvest operations
that caused most of the stream damages observed.
Torrent or torrent-like events damaged the most
habitat, but inappropriate, if not illegal, activities
(such as machinery in streams and trespasses over
streams) caused or contributed substantially to some
of the greatest individual problems. Ray Krag’s work
(see Krag in this volume) addresses these issues.
Another important lesson is the need to respect
the integrity of streamside management zones and
natural drainage patterns throughout the harvesting
process, from road construction and harvesting to
road deactivation or abandonment. The impacts
that sometimes resulted from even small
transgressions of this type were often out of
proportion to their original significance. There is
also a need for a better appreciation in the field of
the sediment and debris transport capabilities of all
stream systems, and better decisions on how such
streams should be logged. The studies reported on
in this volume by Hetherington, Haschenburger,
Church, and Hogan deal with several of the physical
characteristics, while the work reported on by
Scrivener, Hartman, and Tschaplinski deal with the
fisheries aspects.
Clearly, based on the review of current forest
practices, significant unresolved forestry-fishery
issues remain in coastal British Columbia. This
review indicates that altered watershed hydrology,
steep and unstable hillslopes and certain riparian
and streamside management practices must be
considered carefully and new, straightforward and
objective assessment methods need to be developed
and used. It is hoped that the remainder of this
workshop will shed more light on these important
watershed management practices.

31

Watershed Hydrology
E D. H

Introduction

In addressing issues of land use impacts on streams
and fisheries resources, it is important to remember
and understand the role of water and water-related
processes. The Fish/Forestry Interaction Program
(FFIP) on the Queen Charlotte Islands has been
synoptic in nature. Available hydrological information consists primarily of precipitation and
streamflow data collected by federal and provincial
government agencies. These data were intended to
provide general coverage of the area.
In contrast, the Carnation Creek Experimental
Watershed Project on Vancouver Island has been
intensive in nature. Networks of hydrometeorological
stations were established in the watershed to provide
detailed information on streamflow and climate.
Several additional studies were also carried out to
provide a more in-depth understanding of hydrological processes and hydrological impacts of logging.
Hydrology per se was not the primary focus of
either program. Rather, the streamflow and
precipitation data were intended to assist with the
interpretation of the results of other studies and
observations. The objective of this paper is to
summarize the hydrological information and reports
relevant to both programs.
Fish/Forestry Interaction Program

FFIP was initiated in 1981 following a series of
major winter storms in 1978 that triggered landslides over much of the Queen Charlotte Islands.
Prior to the 1978 storms, the issue of hydrological
impacts of logging in the Queen Charlottes was
already a concern. In a landmark report, Toews and
Wilford (1978) provided recommendations for
minimizing the impact of forest harvesting on water
and aquatic resources on Graham Island. They

reviewed monthly precipitation and temperature
data taken from Calder and Taylor (1968) and
summarized Water Survey of Canada streamflow
data for the Yakoun River. Comparative calculations
of clearcut versus forested area snowmelt were also
presented to indicate the potential for changes in
rain-on-snow runoff.
Schwab (1983) prepared a subsequent report on
mass wasting in Rennell Sound. It provides precipitation information on the October–November 1978
rain storm that caused the mass wasting, including a
mass curve of Gospel Point station precipitation, an
isohyetal map of total storm precipitation for the
Queen Charlottes, and a summary table of daily
precipitation for existing climatological stations. A
maximum of over 400 mm of rain fell in a 5-day
period. This storm was estimated to have a 5- to
10-year return period frequency. Schaefer (1979)
also reported on meteorological conditions
pertaining to this 1978 storm.
Three other reports have focused more specifically on hydrological data for the Queen Charlotte
Islands. Trends and fluctuations in precipitation and
stream runoff since 1900 have been analyzed by
Karanka (1986). Precipitation and runoff characteristics have also been examined in some detail by
Hogan and Schwab (1990, 1991).
Precipitation data exist for 8 long-term stations
(about 1971–present) of the Atmospheric Environment Service and 44 short-term stations (mostly
1976–1980) of the B.C. Ministry of Environment,
Resource Analysis Branch (Hogan and Schwab 1990)
(Fig.1). Long-term streamflow data exist for three
Water Survey of Canada stations: Yakoun River
(since 1962), Pallant Creek (since 1967), and
Premier Creek (since 1971). In addition, shorter
term streamflow (three sites) and precipitation
measurements have been taken as part of the FFIP
program (Hogan and Schwab 1990).
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figure 1 Location of hydrometeorological stations on the Queen Charlotte Islands (Hogan and Schwab 1990).
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The Hogan and Schwab (1990) report includes
return period frequency tables and graphs for both
precipitation and streamflow, precipitation-runoff
relationships for selected watersheds, and a generalized map of spatial variation of mean annual
precipitation. In addition, a regression relationship
for estimating mean annual peak flows based on
drainage basin area and mean annual precipitation
is provided. Maximum mean annual precipitation
totals on the Queen Charlottes exceed 4000 mm.
As well, the Hogan and Schwab (1991) report
examines meteorological conditions associated with
hillslope failures. Antecedent precipitation and rain
intensity are related to the occurrence of slope
failures.
Streamflow data for the Yakoun River have been
evaluated for land use effects (unpublished report by
G. Barrett; Dan Hogan, B.C. Ministry of Forests,
pers. comm.). No changes were detected that could
be attributed to forest harvesting.
Carnation Creek Experimental Watershed Project

Within and immediately adjacent to the Carnation
Creek watershed, a basic monitoring network of
streamflow and precipitation stations was established
(Fig. 2). A comprehensive meteorological station was
also set up at site A. Most of the stations were
installed in 1971 and 1972. The watershed thus has
valuable, relatively long-term records of continuous
hydrological data. Shorter term hydrological studies
and measurements have also been conducted to
evaluate sub-surface water behaviour, rainfall interception, and precipitation distribution.
Preliminary hydrological data analyses were
reported in the first Carnation Creek workshop
proceedings (Hetherington 1982) and updated in
the proceedings of the second workshop
(Hetherington 1988). Complementary hydrological
information is also contained in the watershed overview bulletin by Hartman and Scrivener (1990). A
review and further update is provided in this paper.
Hydrological Processes

The monitoring of several of the components of the
hydrological cycle within the Carnation Creek
watershed during the past 22 years has provided an
important legacy of understanding of coastal
watershed hydrology. Some of the more interesting

observations on basic hydrological processes are
summarized below. Many of these are not necessarily new but do provide local knowledge on which
the applicability of research findings from other
areas can be judged.
Topographic Influences on Precipitation The fact
that topography has a direct influence on precipitation amounts is well known. Not so well known is
the magnitude and variability of this influence in
mountainous terrain. These factors have been
evaluated for the Carnation Creek watershed in a
report under preparation. Most of the precipitation
in the watershed occurs as rain, with <5% occurring
as snow over most of the area but reaching about
10% at the highest elevations.
Mean annual precipitation increases from about
2900 mm at the low elevation station A, near the
mouth of Carnation Creek, to 4000 mm at the high
elevation station L, in the headwaters area of the
watershed. During major individual storm events,
amounts recorded at station L have been close to
double those measured at station A. Maximum
storm rainfall amounts have exceeded 400 mm at
station L.
Return period frequency data have been computed
for rainfall durations ranging from 15 minutes to
10 days for five continuous recording stations (A, C,
E, F, L). Two of these stations (F and L) are at higher
elevations (450 m and 665 m, respectively). These
results provide rare information on the variation of
return period data with elevation.
Rainfall Interception Comparative measurements
of rainfall beneath a dense old-growth forest canopy
and in an adjacent clearcut have provided quantitative insight into the magnitude and variability of
rainfall interception by the forest canopy. This
7-year study was carried out at an elevation of
150 m on a mountain slope near station G.
Preliminary calculations show that the total
7-year precipitation catch beneath the canopy was
21% less than in the open. However, about 30% of
the time, precipitation measured in the forest
exceeded that measured in the open. This can occur
when an already wet forest canopy scours moisture
from moving, low level clouds, as well as intercepting vertical rainfall. Some of the intercepted water is
evaporated back into the atmosphere and constitutes
an “interception” loss to the system. Some of the
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figure 2 Carnation Creek watershed showing location of hydrometeorological stations and clearcut logging boundaries.

extra moisture scoured from clouds, commonly
known as “fog-drip,” adds moisture to the system by
falling from the canopy to the ground.
For the total time when precipitation in the open
exceeded that beneath the forest canopy,
interception averaged close to 32%. This result
suggests the occurrence of a fog-drip component of
at least 11%. However, this figure must be viewed
with caution as it represents data for a particularly
dense canopy from only one site. Further analysis
and interpretation of the data are required.
Evapotranspiration The combination of warm,
relatively dry summers and mild but wet and windy
winters results in high evapotranspiration (ET) losses
in the Carnation Creek watershed. Based on the
difference between annual precipitation and annual
stream discharge, annual ET from forested areas in
the watershed can be estimated to average about
1100 mm. This amount is made up primarily of dry
weather (mostly summer) transpiration and wet
weather (mostly winter) rainfall interception losses.
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Annual transpiration estimates have been derived
from an equation proposed by Spittlehouse and
Black (1981), based on daily air temperature, relative
humidity, and solar radiation data (Hetherington
et al. 1995). Annual interception has been estimated
using a relationship between interception and daily
precipitation derived from the interception study
data (Hetherington et al. 1995). These calculations
indicate that combined transpiration and interception losses are divided almost equally between the
six summer months (April to September) and the
six winter months (October to March).
Subsurface Water Behaviour Despite the high
evapotranspiration losses, measurements have
shown that soils in the Carnation Creek watershed
remain moist year round. Because the soils are also
shallow (mean depth <1 m), this means that the
excess storage capacity for rain water is limited even
during the summer months.
These soils are also highly permeable to water.
The thick organic forest floor allows even the

highest intensity rains to infiltrate. The subsurface
mineral soil is laced with “macrochannels.” A variety
of these have been identified, including hollowed
out decayed roots, channels along live roots, cracks
in the soil, and lenses of very coarse soil. Water tends
to move preferentially and rapidly through the soil
profile via these macrochannels. In addition, the
mineral soil is highly porous, having a porosity or
volume of voids amounting to 65–75%.
Subsurface water moves rapidly through the soil
to the impermeable bedrock surface and then
laterally downslope to stream channels. The water
movement is also directed by the topography of the
underlying bedrock. This results in seepage zones
and development of localized ephemeral surface
runoff during rain storms at intervals across the
hillslope. A study of subsurface flow rates along the
bedrock surface has demonstrated this variability in
flow patterns and documented the high rates of flow
that occur in these subsurface seepage zones
(Hetherington 1995).
During the winter, a subsurface water table
develops on the mountain slopes and is sustained by
the frequent rains. This water table responds rapidly
during rain storms, rising and falling in concert with
variations in rainfall intensity (Hetherington 1982).
During the summer, the slope water table disappears,
whereas the groundwater table in the floodplain
remains but slowly drops as the summer progresses.
Floodplain Hydrology A description of the hydrology of the lower Carnation Creek floodplain for the
water year September 1984 to September 1985 has
been developed (Hetherington 1989). Graphs are
included to show comparative relationships between
groundwater table fluctuations, precipitation, and
Carnation Creek streamflow.
Streamflow As in most coastal watersheds, streamflow is flashy. Major peak flows are often attained in
a matter of hours and then decline rapidly as water
moves quickly from the slopes to the channels.
Because of the low capacity of the soil to store water,
a high equivalent percentage of storm rainfall appears
as streamflow within one or two days depending on
the duration of the rain. Because of limited snowfall
in the watershed, most of the runoff in Carnation
Creek is from rain only. In many watersheds, rainon-snow storms cause the largest peak flows.

The length of streamflow records in the
Carnation Creek watershed now permit reasonable
estimates of the longer return period peak flows.
This information can be obtained from the Water
Management Branch of the Ministry of Environment, Lands and Parks in Victoria.
Logging Impacts on Water and Soil

Forest harvesting and road construction have
measurably affected several components of the water
cycle in the Carnation Creek watershed. The changes
induced in some of the hydrological processes have
resulted in observed changes in subsurface water
behaviour, erosion, and streamflow.
Subsurface Water Behaviour In clearcut areas,
removal of the forest canopy initially eliminated
much of the interception and transpiration losses.
This was partially offset by the elimination of the
for-drip component of precipitation. One result of
this change, as indicated by preliminary analysis of
soil moisture measurements, is that the total soil
profile in the clearcut was wetter at the end of the
summer than in the adjacent forest. The wetter soil
condition means that the already limited water
storage capacity is further reduced, making more
water potentially available for runoff.
Soil disturbance caused by yarding resulted in
locally increased groundwater table levels (at peak
slope) at three sites. The biggest increases at one site
exceeded 20 cm (Hetherington 1982). It is postulated
that the surface soil disturbance disrupted entry of
rain water into normal subsurface flow pathways and
caused the water to move more slowly through the
mineral soil. This would result in a transient increased
build-up of the groundwater table at that location.
Road construction resulted in three different
effects on downslope groundwater tables. At one site
below a road, peak storm groundwater tables were
reduced by subsurface flow being intercepted at the
road and diverted laterally (Hetherington 1982).
Further along the same slope where the road was
constructed on top of existing soil, no change in
peak groundwater tables was detected. At a third
location, water flowing don a road surface spilled
over onto the slope below. This extra water caused a
22-cm surge in the groundwater table 24 m downslope. This process is believed to have triggered a
small landslide the previous year at this location.
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In the lower Carnation Creek floodplain, late
summer groundwater tables were 30–50 cm higher
after harvesting (Hetherington 1982). The increased
levels persisted for at least 10 years despite vigorous
vegetation regrowth on the floodplain. The changes
in groundwater table were due primarily to reduced
evapotranspiration losses from the floodplain and
sustained higher amounts of subsurface seepage
from the adjacent hillslopes where vegetative
regrowth has been slower.
Mass Wasting and Surface Erosion Small landslides
(debris avalanches) and debris torrents have occurred
during major rain storms in both clearcut and
undisturbed forested areas. For example, a January1982 rain-on-snow storm triggered two landslides
on stability Class III terrain in a clearcut 4 years after
harvesting. Disruption of normal subsurface flow
pathways was a cause in both of these landslides,
neither of which reached a creek channel. In January
1983, another landslide occurred in the forest on
nearby stability Class V terrain. This landslide went
directly into Carnation Creek. It appears to have been
triggered by windthrow possibly resulting from
altered wind turbulence patterns following
harvesting of adjacent areas.
A number of mountain slope debris torrents
occurred during the January-1982 rain-on-snow
storm and also during a January-1984 storm that
produced the highest precipitation amounts
recorded thus far in the Carnation Creek watershed.
These torrents occurred on stability Class III, IV and
V slopes, and most were associated with clearcuts.
One torrent, in particular, is postulated to have
triggered an even bigger torrent in the main channel
just above the lower floodplain. A large amount of
large woody debris that had been stored in jams in
the canyon area was swept out into the floodplain
channel and deposited primarily in three major
debris jams along the channel.
A map of potential sediment sources (i.e., exposed
mineral soil) in the watershed has been produced
that indicates a sizable number of such sources
(Steve Chatwin, B.C. Ministry of Forests, pers.
comm.). Some sediment production was monitored
during the early phases of road construction (Ottens
and Rudd 1975). Localized ditch enlargement,
cutbank sloughing, and road surface rilling are also
evident in some parts of the road network. Suspended sediment measurements at the main weir (B) on
Carnation Creek, however, show little effect from the
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logging (Tassone 1988). While surface erosion has
occurred and undoubtedly contributed some sediment to Carnation Creek, it appears that the
amounts have been modest despite the apparent
large number of potential sources.
Increases in fine sands accumulating in spawning
gravels in the lower reaches of Carnation Creek have
been measured (Scrivener 1988). The primary
sources of this additional sediment are attributed to
erosion of disturbed streambanks, movement of
material stored in the channel following disruption
of in-channel woody debris, and release of sand and
gravel from the canyon during the 1984 torrent.
Streamflow Annual water yields or total runoff
increased at both H (Hetherington 1982) and J weirs
following clearcut harvesting of 90 and 94% of their
drainage areas, respectively. Recent analysis has
shown that the increases were sustained for at least
12 years. Approximately 80% of the increases
occurred during the wet winter months (October to
March) and would have resulted primarily from a
reduction in the interception losses described above.
Inaccuracies in low flow measurements preclude
definitive detection of water yield changes for
Carnation Creek at B weir.
Late summer low flows at H weir also appeared to
increase in the first 2 years after harvesting
(Hetherington 1982).
Recent re-evaluation of the stormflow data has
confirmed the earlier finding (Hetherington 1982)
that rain-only peak flows increased at H weir
following harvesting (90%) but not a B weir which
had about 40% of its drainage area clearcut. The
peak flows at H weir increased for both large and
small storms and the increases have persisted for at
least 12 years. There is also some evidence to suggest
that the peaks occur a little sooner and that total
storm runoff has increased.
J weir was installed after road construction but
before harvesting. The analyses still indicate that
peak flows increased at J weir following the
harvesting of about 90% of the drainage area.
For B weir data, there is no clear indication of
any changes in rain, only stormflow hydrographs up
to 1991.
The occurrence of major rain-on-snow events in
the Carnation Creek watershed is a relatively rare
event. In fact, only one such event when snow
covered the entire watershed has been recorded at
Carnation Creek since the project began. In January

1982, about 30 cm of snow at low elevations and
probably over 60 cm at higher elevations was present
at the start of a major rain storm. The peak flow
values for this storm for B, H and J weirs plot well
above the post-logging regression lines between peak
flows for these stations and the control C weir. While
not definitive, this result appears to indicate a
definite difference between rain-on-snow versus
rain-only runoff response from the clearcut drainages
in comparison with the forested watershed. A logical
interpretation is that the peak flows from clearcut
areas were increased as a result of modification of
snow accumulation and melt patterns.
The Hydrological Database

The hydrometeorological data collected in the watershed form an important legacy of the Carnation
Creek project. Much of the data were originally
compiled and processed at the Pacific Biological
Station in Nanaimo. The computer data files and
recording charts of unprocessed data were subsequently taken and the data further processed and
extracted at the Pacific Forestry Centre in Victoria.
For the period from 1972 to 1990, complete data
sets for the various parameters have been developed.
All available data have been compiled and extracted
from charts where necessary. Where appropriate,
missing data have been estimated using various
procedures to develop continuous records suitable
for further analysis. The exceptions are the basic
time series for recorded streamflow data digitized
from charts or monitored by data loggers, wind
direction data, evaporation pan data, and stream
temperature data. Hydrological monitoring has
continued since 1990, but the data have mostly been
compiled without further checking or processing.
Final computer files have been developed in a
consistent format for the following parameters for
each of the stations at which the respective data were
collected:
• Precipitation: 15-minute periods, hourly, daily,
monthly
• Streamflow: as digitized, hourly, daily
• Air temperature: hourly, daily minimum,
daily mean
• Relative humidity: hourly, daily
• Solar radiation: daily
• Wind speed: hourly, daily
• Wind direction: hourly

Data exist for evaporation pan measurements
(April to October), maximum air temperatures, and
stream temperatures, but computer files with the
same format as the above parameters remain to be
developed.
This comprehensive hydrological database has
been used to calibrate the HSPF streamflow
simulation model (Hetherington et al. 1995), and
could be used to calibrate or develop other models.
Such models can be applied to estimate flows in
other coastal watersheds and assist in evaluating
stream channel conditions. Both the original precipitation and streamflow data and the HSPF model
could be used to develop simpler rainfall-runoff
relationships for application in other coastal areas.
As already noted, the length of the Carnation
Creek precipitation and streamflow records now
permits improved estimation of extreme event
return period frequency values. With ongoing
monitoring in the watershed, these estimates will
continue to improve, as will our ability to make
comparisons with shorter-term measurements in
other coastal watersheds. These comparisons will
enable assessment of the short-term data in relation
to longer term trends.
Conclusions

In the Queen Charlotte Islands, hydrological monitoring has been synoptic and limited primarily to
precipitation and streamflow. In the Carnation
Creek watershed, a variety of hydrological parameters have been monitored at a number of sites for
varying periods of time. The resulting data and
analyses have provided an improved understanding
of coastal hydrological processes and quantified the
impacts of forest harvesting and road construction
on several of these processes. An important
hydrological database is now available for use as a
management tool. Moreover, the value of this
database will increase as long as monitoring is
continued in the Carnation Creek watershed.
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Landslides on the Queen Charlotte Islands: Processes, Rates, and Climatic Events
J W. S

Introduction

Mass wasting constitutes the dominant geomorphic
process on the steep mountain slopes of the Queen
Charlotte Ranges and Skidegate Plateau. The term
“mass wasting” encompasses a variety of processes
by which masses of soil rock and debris are transported downslope primarily by gravity.
The principal processes active on the Charlottes
are described by Alley and Thomson (1978) and
Wilford and Schwab (1982). Based on the classification of Varnes (1978), the processes are debris slides,
debris avalanches, debris flows, debris torrents, bedrock slumps and slides, and slump earthflows. The
terms mass wasting, mass movement, landslide,
failure, and hillslope failure are often used interchangeably in discussions and reports lumping
similar types of processes. In this presentation,
hillslope failure or slope failure is used to describe
the debris slide–avalanche-flow–torrent processes.
The classification of Varnes is used when specific
process are discussed.
The impact of logging on slope stability is a
major concern of the forest industry on the Queen
Charlotte Islands and the mountainous terrain of
coastal British Columbia. In the mid-1970s, forest
managers began to recognize that mass wasting and
erosion were a problem in terms of stream habitat
destruction and the potential loss of productive
forest site. Hence, the first research questions were
asked: How big is the problem? What is the cause?
How can we solve it?
The initial research was aimed mainly at
establishing that mass wasting was a problem, rather
than at developing solutions or solving problems
related to management in landslide-prone terrain.
The first research thus looked at obtaining data on
the frequency and yield of mass wasting for various
landscape types affected by logging activity. This
presentation summarizes the initial research.

Management solutions are discussed in other
presentations. Presented here is a short description
of mass wasting processes active on the coast, and of
debris slide–avalanche-flow–torrent processes.
Mass Wasting Procedures

Many large bedrock slumps and slides have been
identified on the Queen Charlotte Islands—most in
the deeply weathered Masset volcanics on Graham
Island. Many appear to be covered with vigorous
forest growth older than 250 years but probably less
than 1000 years. Seismic activity is believed to be
involved in triggering these large bedrock failures
(Alley and Thomson 1978). These failures have
moved catastrophically in the past; building structures on them is not necessarily safe if there are signs
of active movement. Avoidance is often the best
management decision.
Slow earthflows or slump earthflows have been
identified on Ramsay Island and in the Rennell
Sound area on the Queen Charlotte Islands. The
failures appear to be confined in bedrock-controlled
gullies filled in with deep clay rich glacial till
deposits. These features can be recognized by a
slump basin, bowed trees, deep, poorly drained
materials, and fresh tension cracks. Failure rate is
generally believed to be governed by long-term
fluctuations in soil moisture, with trees and
vegetation not having much of an anchoring effect.
Forestry activities have avoided these identified large
earthflows on the Queen Charlotte Islands. Small
earthflow sites can be affected by engineering
activities by removing the toe of the slope or adding
water to the sites.
Sensitive glacial marine deposits are located along
coastal fjords along the mid- and north coast of
British Columbia. These deposits are found situated
up to 200 m above present day sea levels. The high
sensitivity of some of these deposits makes the clays
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particularly susceptible to earthflows. The clays are
often described as quick clays, because they behave
as a fluid once disturbed. Large earthflows have
occurred in the deposits, with the apparent trigger
not known (e.g., Mink Creek near Terrace). Smaller
flows have been triggered through construction activities, generally as a result of the loading of materials
and vibrating of the equipment (e.g., Kitsault,
Kitaktia, and Crow Lagoon). Field recognition of the
sensitive glacial marine deposits is important so that
the type of engineering activities that may cause
failure can be avoided.
Large bedrock failures and earthflows have
devastating environmental effects. However, these
large events are well beyond our control to manage.
Nevertheless, it is important to recognize them when
working in landslide-prone terrain—even if it is
simply to identify and accurately describe an event
or terrain feature when calling a specialist for help.
Debris slides, avalanches, flows, and torrents are
the coast-wide geomorphic processes that most
affect the forest industry. These slope processes are
recognized as long linear tracks in forested terrain.
They are either bare or covered in forest vegetation
of different age or species. Terrain susceptible to
debris slides and flows is generally steep (>30°) with
shallow soils of low cohesion. The sites can often be
identified by the evidence of past failures, including
linear strips of vegetation, gullied terrain, old failure
head scarps, linear depressions, and fan deposits at
the base of slopes. Debris–avalanche-flow–torrent
rates are most affected by forest harvesting activities.
Management in landslide-prone terrain is possible
with the use of a variety of techniques, some of
which are presented in Chatwin et al. (1994).
Hillslope Failure Rates

A regional overview of mass wasting on the Queen
Charlotte Islands, compiled from 1:50 000 aerial
photographs, identified 8240 relatively recent large
debris slides–avalanches-flows and torrents
(Gimbarzevsky 1983). The frequency of slope failure
averages 2.6/km2 for the islands. However, selected
map areas in the mountainous terrain show an
extreme rate of natural failure (Rennell Sound,
18/km2; Moore Channel, 14/km2; Louise Island
10/km2). Slope failure intensity classes of moderate
(1–3 failures/km2), severe (4–7 failures/km2), and
extreme (greater than 8/km2) occupy 24%, 7%, and
1% respectively, of the Queen Charlotte land area.
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This implies that approximately one-third of the
landscape on the Charlottes is subjected to active
hillslope failure processes. The same value could be
extended over much of British Columbia’s coastal
forests land where logging operations take place in
mountainous terrain.
The impact of logging operations on slope
stability has been studied by the Forest Service,
Fish/Forestry Interaction Program (FFIP), and forest
companies. A survey of 1978 storm impacts in the
150-km2 Rennell Sound area (Schwab 1983) revealed
264 mass movements: 113 in forested terrain, 126 in
clearcuts, and 25 from roads. These failures tended
to be relatively small, mostly in the order of 250
–1000 m3. Debris avalanches from clearcuts caused
the largest impact, affecting 4.3% of clearcut terrain.
In comparison, debris avalanches disturbed 0.1% of
forested slopes and 1.9% of roads. Debris torrents
scoured 22.3 km of stream channel, mostly on
forested terrain.
A comparison of mass wasting rates revealed a
15-times greater rate of occurrence on manmodified terrain than on forested terrain. Most
striking was the relative areal impact of debris
avalanches on man-modified terrain, 43 times and
17 times, respectively for clearcuts and roads.
Relative to forested terrain, large volumes of
material were transported from clearcuts and roads
46 and 41 times, respectively. Also relative to
forested terrain, the length of stream scoured by
debris torrents was increased by 7 times in clearcuts
and by 21 times by roads. The largest volume of
material transported during the storm came from
clearcuts. Overall, clearcut values tended to be quite
high in comparison to those found in similar studies
along the west coast of North America.
Rood (1984) assessed the influence of logging by
examining frequency and yield calculated for clearcut and road areas compared to forested terrain in
27 basins encompassing a land area of 350 km2 on
the Queen Charlottes Islands. Based on 1337 landslides, he found that the overall effect of logging had
been to increase the landslide frequency by 34 times
over a 7.3-year period, the average age of logging on
steep lands in the study basins. Forested areas
provided a yield of 1.6 m3/ha per year. The removal
of vegetation produced a yield of 50.7 m3/ha per
year, a rate increase of 31 times. Larger increases
were also associated with roads, where the yield was
144 m3/ha per year, and the rate relative to forested
terrain was 87 times. Approximately 39% of the total

volume from mass wasting in forested terrain and
47% from logged terrain was delivered to streams.
Comparative rates for debris avalanches and flows
from clearcut terrain, in the basins studied on the
Queen Charlotte Islands, were found to be significantly greater than those reported in similar studies
in the Pacific Northwest (Sidle et al. 1985). Roads
tended to fit the mid-values found in other studies.
Harvesting and Road Building Causes
of Slope Failure

Logging-related slope failures on the Queen Charlottes
have been studied by numerous investigators.
Published documents include Wilford and Schwab
(1982) and Krag et al. (1986). Factors leading to
failures in clearcuts are often difficult to determine.
At most failure sites, considerable investigative work
is required to identify the often subtle conditions
that set the stage for failure. Some examples found
in Forest Service investigations into the cause of
failures:
• a yarding road that redirected and channelized
surface water onto sensitive sites;
• poor deflection during yarding, which resulted in
scalped soils and pulled and overturned stumps
in the vicinity of the failure head scarp;
• trees felled downslope onto sensitive terrain,
dislodging stumps and roots and possibly causing
changes in soil structure;
• debris, left as a jam in a watercourse, which
redirected streamflow onto unstable terrain;
• debris jams in a gully which broke during high
flows, contributing to a torrent;
• windthrow along a cutblock boundary, situated
on shallow organic soils at a gully headwall,
which triggered a debris slide; and
• root decay that resulted in the loss in strength of
a root mat or web bridging a sensitive soil.
The FFIP-sponsored study carried out by Krag
et al. (1986) documents 31 slope failures with causes
related to road construction practices. That study, as
has others, found that most road-related slope
failures are caused by: 1) overloading of the slope
with fill or sidecast materials; 2) inadequate road
drainage; or 3) a combination of slope overloading
and inadequate drainage. These factors in roadrelated failures occur on steep slopes, in gully
headwall areas, and on wet unstable soils.

In general, road engineering and construction
practices contribute to stability problems in steep
terrain through: 1) the poor recognition of unstable
terrain during layout; and 2) the poor recognition of
road drainage requirements in road construction
plans. Insufficient maintenance of road drainage
structures, particularly on inactive roads, was considered by Krag et al. (1986) to be the most significant
factor in road-related failures. Road maintenance of
drainage structures and the deactivation of inactive
roads no longer used for logging activity are believed
to reduce the incidence of road-related failures.
Improved forest management practices on the
Queen Charlotte Islands have resulted in reduced
rates of failures. However, the forest industry in
general has done a poor job of documenting how a
greater awareness of slope stability problems has
improved practices and management on landslideprone terrain. The factors contributing to failures,
when recognized, can be dealt with during the
development planning of harvesting operations, the
use of appropriate harvesting systems, and the use of
appropriate road-building design and construction.
Over a 4-year period, Sauder and Welburn (1987)
observed yarding operations on sites considered
unstable. A comparison of failure rates to Rood’s
(1984) study showed a reduced rate of failure
frequency. They attributed the reduced rates to:
yarding system usage change, improved layout, and
terrain specialist involvement in the identification of
sensitive areas that should not be logged. Schwab
(1988) looked at the area of land disturbed by mass
wasting in clearcuts in the Rennell Sound area. For
every 100 ha of unstable terrain logged (Class IV
and V), 25 ha of land was disturbed downslope from
mass wasting originating in the unstable terrain
(Fig. 1). Where slope stability was recognized as a
problem before harvesting began, a management
decision was made to avoid the clearly identified
potential failure zones. The result was a substantial
reduction in the land area disturbed by failures
(20.5 ha unstable; 1.5 ha disturbed by slides).
Rainfall and Threshold Limits

Heavy rainfall events are regularly associated with
debris slides–avalanches-flows and torrents on the
Queen Charlotte Islands. Hogan and Schwab (1991)
examined rainfall characteristics before and during
verified slope failures. Temporal frequency of slope
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figure 1 Land area disturbed by failures originating
from within mapped slope stability hazard
classes (Schwab 1988).

failures was compared to precipitation trends for
antecedent time scales ranging from years to days.
Over the longer temporal scale, they found a positive
correlation between annual moisture conditions and
reported hillslope failure frequency. Over the shorter
time scale, they found that only those months
immediately preceding the slope failure appeared to
be important in conditioning hillslopes for failure.
Daily antecedent conditions were found to influence
how important variable amounts of short-term
precipitation would be in triggering a slope failure.
Their data showed that under wet antecedent daily
conditions, slope failures could occur if precipitation
amounts exceeded 22 mm in a 24-hour period.
Under dry conditions, more precipitation was
required (29 mm/24 hr) to trigger slope failures.
Limiting curves prepared for the wet and dry
conditions show that when the precipitation event
exceeds 2 days, then the antecedent conditions
resemble wet conditions. Storms with recurrent
intervals of greater than 2 years were sufficient to
trigger failures regardless of antecedent moisture
status. From a forest management perspective,

precipitation levels required to trigger slope failures
are exceeded regularly, though the threshold values
are exceeded most frequently during winter months.
Thus, the low magnitude or moderate storm (with a
2- to 10-year return period) must be taken into
consideration when planning harvesting operations
in areas of potentially unstable terrain.
Often the first response to the values presented by
Hogan and Schwab is that they are too low. But we
must remember that they describe minimum values
above which failures can occur. In situations where
roads channel water onto unstable slopes, even lower
values can trigger a failure. For the most part, we
believe our coastal soils can drain a lot more water
under natural conditions, possibly 50 mm in a
24-hour period. We therefore usually accept much
higher rainfall before stating that caution must be
taken. The limits presented in Chatwin et al. (1994)
generally define the critical limits of rainfall safety
shutdown for forestry operations working downslope
or on potentially unstable terrain: 75 mm, 100 mm,
150 mm, and 200 mm for 12-hour, 24-hour, 48-hour,
and 72-hour periods, respectively. However, to completely understand precipitation threshold, we need
more than the limited climatological data currently
available. We must collect precipitation data on a real
time basis in order to adequately define critical limits
for operation safety shutdown requirements.
Historical Hillslope Failures

The 1978 storm of the Queen Charlotte Islands is
thought by many to be a significant event that produced considerable rates of failures from clearcuts
and roads, but caused only few failures in forested
terrain. Historic events, however, have caused many
large hillslope failures over the last few hundred
years. The landscape in mountainous terrain on the
Queen Charlottes is scarred with large debris
slides–avalanches-flows and torrents. These
landslides are readily recognized on air photographs
as linear strips of different age classes of vegetation.
This observation prompted Schwab (1983) and
Rood (1984) to suggest that the 1978 storm was of
insufficient magnitude to cause extensive mass
wasting in forested terrain.
Schwab,1 in selected areas along the British
Columbia north coast and Queen Charlotte Islands,

 Research project EP 782.07. Historical documentation of mass wasting in North Coastal British Columbia. J.W. Schwab, Forest Sciences
Section, B.C. Forest Service, Smithers, BC.
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A similar relationship holds for the study areas
covering Graham Island and the area in the vicinity
of Prince Rupert (Fig. 2). Six storms over the last
180 years have transported 77% of the volume from
debris slides–avalanches-flows and torrents: 9.6%,
14.1%, 31.1%, 6.5% 6.4%, and 9.2%, respectively,
for the years 1875, 1891, 1917, 1935, 1957, and 1978.
Precipitation trends explored by Karanka (1986)
identified locus of warm wet conditions that shift
north and south depending on the prevailing storm
tract off the Pacific. Periods of above-normal
autumn and winter rainfall and temperature, but
below-normal snowfall occurred from 1924/25 to
1945/46, 1958/59 to 1963/64, and 1974/75 to
1983/84. Periods of below-normal rainfall and
temperature and above-normal snowfall occurred
from 1946/47 to 1956/57 and 1964/65 to 1974/75. A
comparison of the hillslope failure dates to the
trends presented by Karanka suggest that, in recent
years, the storm events that have triggered a large
frequency of the failures may follow the trend (1935
and 1978 storms). However, the 1957 storm does not
lie within a period of above-normal rainfall.
Considerably more work is required to examine the

has determined ages through increment core
analysis of large debris slides–avalanches-flows and
torrents back to the early 1800s (large bedrock
landslides of much older ages have also been
identified, but are not included in the data base).
Verification of storm events determined from the
landslide increment core analysis is provided in a
catalogue of information on storms and floods
prepared by Septer and Schwab (1995). Most of the
debris–avalanche-flow volume transported occurred
during major events. In the Riley and Gregory creek
watersheds, the years 1875, 1891, 1917, 1935, and
1978 transported, respectively, 1.6%, 2.9%, 13.3%,
2.1%, and 9.6% of the volume. In comparison,
Beresford Creek watershed experienced major events
in 1875, 1891, 1917, and 1935, respectively,
transporting 16.5%, 10.8%, 36.2%, and 9.5% of the
failure volume. Interestingly, the Beresford Creek
area did not experience hillslope failures during the
1978 storm. This may be a reflection of the fact that
no forestry activity had occurred in the watershed or
that the storm track missed the area. In any case,
four major storms since 1875 have transported 73%
of the volume in the Beresford Creek watershed.

Percent volume
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figure 2 Percent volume transported per year by debris slides–avalanches-flows and torrents for the study areas on
Graham Island and in the Prince Rupert area. Values are based on known, determined, and estimated failure
dates, as shown.
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relationship between failure dates and possible
precipitation trends back into the mid-1880s.
The strongest earthquake felt in Canada occurred
just off the coast of Graham Island on August 22,
1949. The earthquake had a magnitude of 8.0 on the
Richter scale and an intensity of IX on the Mercalli
scale. Debris–avalanches-flows observed in the Cave
Haines, Hanna Koot, and Beresford Creek watersheds, located 15–50 km from the epicentre of the
earthquake, were believed to have occurred during
the earthquake (Alley and Thomson 1978). However,
the dates determined through increment core
analysis for failures in these watersheds do not tie to
the 1949 earthquake (closest dates being 1945 and
1957). Soil moisture conditions, considering the
time of year (late August), were probably relatively
dry, and therefore not conducive to debris–
avalanches-flows. This adds credence to our belief
that the dominant trigger for debris–slidesavalanches-flows and torrents on the Queen
Charlotte Islands is intense precipitation.
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Summary

• Mass wasting constitutes the dominant geomorphic process in the mountainous terrain of north
coastal British Columbia and the Queen Charlotte
Islands. We recognize that different landslide
processes occur on the landscape, and that not all
landslides can be attributed to land management
activities. However, debris slides–avalanches-flows
and torrents are affected by such activities.
• Slope failure rates are increased when
inappropriate land management activities are
performed in landslide-prone terrain. The
application of appropriate management practices
and road construction techniques can greatly
reduce the incidence of landslides.
• This historical documentation of slope failure
ages suggests that forest management activity on
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