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H
ow do Pacific coastal watersheds function? In what

ways do forestry practices affect these functions?

Scientists have analyzed these complex questions for

35 years at Carnation Creek, a small watershed in southwestern

Vancouver Island. The Carnation Creek research project is the

longest-running study of the effects of forestry practices on

watershed processes and is responsible for much of our

present knowledge of fish-forestry interactions.

In the late 1960s, conflicts over approaches to fisheries and

forest resource management highlighted our lack of data for

British Columbia coastal watersheds. To fill this gap, Fisheries

and Oceans Canada, the forest industry’s MacMillan Bloedel

Ltd. (now Weyerhaeuser), and other partners started the

study in 1970. It rapidly expanded to involve many scientific

disciplines and agencies. Today, the B.C. Ministry of Forests

Research Branch is the lead agency.

The valuable data gained through research at Carnation

Creek represent an important legacy. Research results from

this project have both advanced the scientific basis for sound

watershed stewardship and improved forest practices in the

province. This brochure provides a brief overview of the pro-

ject’s purpose and history, and outlines some major findings.

Ministry of Forests Forest Science Program

Carnation Creek – 
The World’s 
Longest 
Continuous 
Study of 
Fish-Forestry 
Interactions Lower Carnation Creek 22 years after harvest



Historical Activities

Carnation Creek produces coho and

chum salmon and steelhead and cut-

throat trout. Designed as a case study,

the project looked at the effects of streamside

harvesting treatments and other practices on

the biology and habitats of these fish species.

The study’s three main goals were:

• to understand the physical and biological

processes that operate within an intact

coastal watershed,

• to show how harvesting practices of the

1970s and early 1980s changed these

processes, and

• to use the research results in decisions made

about resource management.

From 1970 to 1975, scientists
collected data on the water-
shed’s physical and biological
features. Timber harvesting took
place from 1976 to 1981. This
was followed by the project’s
post-harvest assessment phase
(1982–present).
Streamside treatments applied
during the harvesting phase
included:
• leave strips: a buffer of varying width
• intensive clearcutting: timber felled and yarded, if necessary,

across the stream
• careful clearcutting: timber cut without in-stream activity

Juvenile coho salmon
showing the dark
bands typical of its
freshwater phase.

Below: example of the “intensive” streamside treatment. All trees were
clear-cut up to the stream banks,with falling and yarding across the stream.

Streambed sampling determines the
amount of fine sediment and its effect
on salmon egg growth and survival.



Data sets generated over three decades contain informa-
tion related to the watershed’s physical and biological
processes. Examples include data on:
• climate, stream temperature, and stream flow
• groundwater level
• air and water chemistry
• stream channel structure
• streambed scouring and channel in-filling
• sediment generation and transport
• forestry-related ground disturbance and terrain stability
• abundance and distribution of large woody debris
• regrowth after harvesting
• abundance of aquatic flora and fauna
• fish populations and habitats
Scientists from several disciplines used a basin-wide
approach to explain changes to stream channels and fish
habitats. These studies looked at the different harvesting
treatments and their effects on the watershed’s hydrology
and terrain processes, such as landslides and debris flows.
Fish population studies focused mainly on salmon species,
and included research on:
• spawning and migration patterns
• egg incubation and survival
• emergence of fry (young-of-the-year)
• seasonal movements, rearing, growth, and survival of fry
• annual estimates of egg-to-fry survival

Main fish fence at Carnation Creek.This structure, located near the stream mouth in
tidally influenced waters, is crucial for the study of migrating juvenile and adult fish.
The fence’s fan traps catch juveniles of all species, especially salmon fry and smolts 
(1 year or more old), which travel seaward in spring.

Six climate stations, located throughout the watershed, constantly monitor temperature, solar
radiation, relative humidity, wind speed and direction, and rain and snowfall.

Late-summer low flows at Station B (B-weir). Autumn peak flows at Station B (B-weir).

Forest roads are sources of fine sediment.
This sediment is rapidly carried down slopes
and into the stream network by rainfall and
surface run-off.

Storm flows carry large amounts of fine
sediment downstream from roads and
other sources.

Stream sediment is checked using different
sampling methods. At Station B, changing
creek levels during rainstorms trigger this
automated pump-sampler to increase the
rate at which samples are collected.

Fine sediment in stream water can affect
invertebrates and all life stages of juvenile
salmon.Studies of creek-bottom invertebrates
and their response to sedimentation and
other forestry effects are an important part
of Carnation Creek research.

F I N E  S E D I M E N T S  –  F R O M  S O U R C E S  TO  A Q UAT I C  H A B I TAT S



S T R E A M S I D E  T R E AT M E N T

C
arnation Creek is

roughly 20 km north-

east of Bamfield on the

south shore of Barkley Sound,

southwestern Vancouver

Island (49°N, 125°W). The 11-

km2 watershed lies within the

Coastal Western Hemlock

Zone, and has cool summers

and mild, wet winters. This

ecological region spans the

west coast of North America

from the Oregon Coast Range

and High Cascades to the

Queen Charlotte Islands and

southeast Alaska.

Carnation Creek Watershed

S T U DY  S E C T I O N S / C L I M AT I C  A N D  H Y D R O LO G Y

F I S H  D I S T R I B U T I O N



 

Southwestern British Columbia

Barkley Sound, Vancouver Island
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• Bamfield

The effects of landslides that occurred
far upstream from fish habitat over 20
years ago persist today. Large volumes
of debris quickly flushed into fish-bear-
ing areas of the creek.Logjams formed
with associated buildups of sediment.
The resulting changes in channel struc-
ture severely reduced both the quantity
and quality of fish habitat.

More than two decades after harvesting,
the damaging effects of landslides are
continuing and increasing. Sediments
and debris are now travelling down-
stream to portions of the creek that were
buffered by leave strips and that still
contain high-quality fish habitat.This
demonstrates the need for good forest
stewardship not only in streamside
areas, but also on steep slopes far from
the stream channel.

Protecting fish habitats during harvest-
ing requires an approach that includes
the entire watershed. Landslides and
debris flows on nearby slopes can deliver
large amounts of sediment and woody
debris to the stream network.These slope
failures will negatively affect fish habitats
for many decades.

An estimated 
560 m3 of material
was released from
this slope failure. *Hydrologic weirs and climate monitoring 

equipment are located at Stations B, C, E, and H.

This map is a graphic representation only



Long-term Trends
L

ong-term trends in
salmon abundance 
are often difficult to

explain due to complex
interactions among climate,
ocean conditions, forestry,
and fisheries management
strategies. Chum and coho
salmon appear to have
reacted differently to forest
harvesting. Chum salmon
showed the most striking
changes over the past 34
years—average numbers of returning spawners have fallen to
about 27% of their pre-harvest levels. For returning coho spawners,
numbers were significantly lower than pre-harvest levels until the
mid-1990s. After that, fisheries conservation measures (catch reduc-
tions and closures) resulted in four of the five highest returns
observed since 1971, including the 34-year peak in 2003. This pat-
tern reveals that the level of fish catch has an important influence

on the abundance of
spawners returning to the
creek.
In the late 1980s, project sci-
entists analyzed the relative
effects of fishing, forestry,
and climate change on the
returns of coho and chum
to Carnation Creek. They
concluded that factors
other than forestry prac-
tices led to most of the
declines experienced by
both species after harvest-

ing. For instance, forestry contributed to 26% of the decline in
chum salmon, and less than 10% of the decline in coho numbers.
A buildup of fine sediment
affected chum spawning
beds, reducing egg survival
by nearly 50%. Changes in
habitat structure related to
streamside harvesting and
landslides affected coho.
Most of the long-term
declines in both species
were the result of climatic
shifts that modified marine
and freshwater 
environments.

Huge logjam in Carnation Creek created by harvest-relat-
ed debris. In 1984, landslides and debris flows deposited
this material into the creek during heavy rainfall.

View in 2004 of a 1984 gully failure that delivered large
volumes of debris and sediment into Carnation Creek. The
effects of the landslide persist today.

Harvest-related changes can persist for decades. Some
impacts in this intensively clearcut portion of the creek
were due to riparian practices. However, the massive
deposits of sediment in the channel, which have filled
pools, changed the channel form, and reduced available
fish habitat, ultimately resulted from landslides.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Higher water temperatures after streamside harvesting accelerated the summer
growth of coho fry so that most reached smolt or sea-going size after just one
year in fresh water.

Adult coho salmon returns declined at Carnation Creek up to the mid-1990s.
The effects of forestry practices explain only 6% of this decline.Fisheries
conservation measures introduced in 1998 greatly improved coho returns.

Up to the mid-1990s,the number of young coho in the creek during summer
declined by about one-half.Changes in channel habitat caused by streamside
harvesting accounted for some of this decline;however,most habitat changes
stemmed from landslide-generated additions of debris and sediment.

After harvesting, chum salmon numbers declined to about 27% of their
pre-harvest levels.Forestry activities, which clogged chum-spawning beds
with fine sediment, account for about one-quarter of this decline.

Harvest-related habitat losses reduce the creek’s ability to support coho fry;
however, streamside harvesting (and also long-term climatic warming)
increased water temperatures.This has led to increased numbers of coho
smolts by improving juvenile fish growth and survival.

Adult Chum Salmon Returning to Spawn in Carnation Creek
1970–2003

Adult Coho Salmon Returning to Spawn in Carnation Creek
1971–2003

Late-summer Coho Populations in Carnation Creek
1971–2003

Number of Coho Smolts Leaving Carnation Creek
1971–2003

Number of One-year-old vs Two-year-old Coho
Smolts Produced in Carnation Creek

1971–2002

  

  

  

  

  

  

  

  

  



Second growth with lines of red alder trees showing the location of old forestry roads

Watershed
Recovery
Our ability to achieve sustainable resource use depends
on an improved understanding of the relationships
between forestry-related disturbance and watershed
recovery. The unique data sets generated over the 34-
year history of the Carnation Creek project are a valuable
legacy. This information provides the necessary back-
ground to tackle some difficult management questions,
such as:
• What is the cumulative effect of harvesting over 65% 

of a watershed?
• How are stream channels affected when streamside

vegetation is removed or modified?
• What biological changes result from altered stream 

habitats and how long do these changes persist?
Project scientists continue to monitor and assess the
long-term effects of forest practices on the Carnation
Creek watershed. Some studies focus on the watershed’s
ability to recover from past disturbances. Current research
integrates basin-wide studies of:
• forest regrowth and its effects on run-off;
• changes in landslide frequency, sediment generation,

and delivery;
• changes in channel structure and streamside conditions;

and
• fish populations and habitats.
Carnation Creek research is helping to verify sound

forest practices.
For example, these studies
will likely shape future
practices related to
streamside, gully, and
steep slope management
activities in coastal water-
sheds. This includes pre-

serving appropriate amounts of vegetation along small tributaries,
both in steep non–fish-bearing headwaters and in valley-bottom
fish-bearing locations. Ongoing research also provides background
for policy makers and supports the development of regulations
and guidelines. The ultimate goal is to ensure that forest
resources are sustained by protecting watershed processes and
aquatic values.

Carnation Creek research showed that many juvenile coho
salmon and cutthroat trout leave the main channel in
autumn to avoid winter storm flows.These fish seek the
shelter of seasonally flooded tributaries and “off-channel”
sites (ponds, seasonally flooded hollows in the floodplain)
where they have high survival rates.Fish moving between
the main channel and these shelter habitats are tallied at
two-way counting fences.

A field crew “electrofishing” for juvenile coho, steelhead,
and cutthroat trout. This technique, which uses low-level
electric currents to momentarily stun fish, helps to clarify
how many young fish use the creek as rearing habitat
during summer.

Field camp

Locating and mapping landslides is part of ongoing project research. Forest harvesting on steep slopes increased the
landslide rate by 12 times. Not all landslides delivered material to the stream network, but those that did caused per-
sistent alterations to channels and fish habitats.



Two broad types of harvest-related effects have had a
major influence on fish and aquatic habitats.
Changes in Habitat Structure – Clearcutting along the
creek edge caused banks to erode and increased the
amount of fine sediment moving downstream to the estuary.
Subsequent increases in landslides and debris torrents
have produced longer-term effects. Sediment deposited in
chum spawning gravels impaired embryo development
and reduced egg and hatchling survival. Increases in land-
slides and debris torrents caused magnified and longer-
term effects. Both clearcutting and landslides reduced the
amount of functional
large woody debris,
which previously added
stability to stream
channels. The resulting
loss of habitat com-
plexity has affected
coho adversely.
Temperature-related
Shifts – Clearcutting
along the creek edge
increased stream tem-
peratures in all seasons.
Warmer water in
autumn and winter accelerated the rates at which eggs
and hatchlings developed. This resulted in changes in
growth and survival, and in the timing of seaward migra-
tion in both chum and coho. These effects persist and will
likely continue until a new forest canopy is established
over the creek.
Twenty-three years into the post-harvest phase, significant
forestry-related changes are still occurring despite forest
recovery. Further declines in the quality of aquatic habitats
are expected. These include:
• lower water temperatures and resulting decreases in fish

growth and survival as the deciduous canopy closes over
the stream channel; and 

• movement of landslide-generated sediment and debris
downstream to areas containing high-quality fish habitat,
which were historically protected by buffers.

This demonstrates the long duration of some harvest-
related alterations, and the vulnerability of streams to

slope failures and debris flows despite vegetated buffers.
Over the next several years, research will document subse-
quent harmful effects and channel recovery. New data will
help refine models that analyze rainfall and landslide
effects, and sediment supply and transfer. Other work will
develop indicators of channel disturbance to assess and
predict effects on fish habitat.

Application of Carnation Creek Results
The Carnation Creek project has made outstanding contri-
butions to our knowledge of fish-forestry interactions.

More than 200 publi-
cations have been
produced over the last
three decades and
project results have
been widely used to
develop forest man-
agement practices,
regulations, and
guidelines in British
Columbia. These
include the British
Columbia Coastal
Fisheries-Forestry

Guidelines (1987–1995), and management provisions in
both the British Columbia Forest Practices Code
(1995–2004) and the current Forest and Range Practices Act.
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• Research Branch, B.C. Ministry of Forests

• Research Section, Coastal Forest Region, B.C. Ministry of Forests

• Forest Resources Section, Northern Interior Forest Region, B.C. Ministry

of Forests

• Fisheries and Oceans Canada

• Environment Canada

• Huu-Ay-Aht First Nation

• University of British Columbia

• University of Western Ontario

• Weyerhaeuser Canada

• FORREX – Forest Research Extension Partnership

For more information 
Email: Peter.Tschaplinski@gems4.gov.bc.ca
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