


Long-term Trends
L

ong-term trends in
anadromous fish abun-
dance are often diffi-

cult to interpret because
they may be confounded
by changes in climate,
ocean conditions, and fish-
eries management strate-
gies. Integrated, multi-dis-
cipinary studies exemplified
by Carnation Creek can help
clarifiy these interactions.
Chum and coho salmon
have responded differently to forest harvesting. Chum salmon
populations have exhibited the most marked changes over the
past 34 years—mean numbers of chum spawners returning to the
creek have fallen 3.5 fold from pre-harvest levels.
Numbers of adult coho returning to spawn post-harvest were sig-
nificantly lower than pre-harvest levels until the mid 1990s when
when fisheries reductions and closures resulted in four of the five

highest returns observed
since 1971, including the
34-year peak in 2003. This
pattern demonstrates that
fishing mortality is an
important determinant of
the abundance of coho
spawners returning to
Carnation Creek.
Project scientists in the late
1980s used a series of

sequential life history-based
regression models to deter-
mine the relative effects of

fishing, forest harvesting, and climate change on the returns of
coho and chum to Carnation Creek. They concluded that most of
the post-harvest decline in both species was due to factors other
than forestry practices. About 26% of the effect on chum, and <
10% of the decline in coho, was attributable to forestry. Chum were
mainly affected by fine-sed-
iment accumulations in
their spawning beds which
reduced egg survival by
nearly 50%. Coho were
affected primarily by struc-
tural habitat alterations
related to both riparian har-
vesting and landslides. Most
of the long-term decline in
both species was caused by
climatic shifts affecting
both marine and freshwater
environments. In spite of the
prominence of climatic fac-
tors, forestry has been an important cause of the observed
changes in both species at Carnation Creek.

Massive logjam consisting of harvest-related debris which entered
Carnation Creek due to landslides and debris flows in 1984 during heavy
seasonal precipitation.

Photograph taken in 2004 of the site of the gully failure that delivered
large volumes of logging debris and sediments into Carnation Creek in
January 1984.The effects of this landslide persist today.

Harvest-related alterations to Carnation Creek persist decades after 
harvesting was completed.This part of the intensively clearcut-logged por-
tion of the stream is heavily affected by massive bedload accumulations in
the channel that have filled pools and reduced available fish rearing habitat.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Increased water temperatures after riparian harvesting increased coho fry growth in summer so
that most were able to reach smolt size after spending just one year in fresh water.

Adult coho salmon returns declined at Carnation Creek up to the mid 1990s. Only about 6 % of
this decline was explained by the effects of forestry practices. Strong returns since 1998 have
resulted from fishery closures.

The numbers of young coho the stream can support during summer has declined by about one-
half up to the mid-1990s.Some of the decline is due to channel habitat changes due to riparian
harvesting, but most habitat change has been caused by debris and sediment from landslides.

Chum salmon numbers have declined in the post-logging period to about 27% of their prelog-
ging levels. Analyses have shown that 26% of this decline is due to forestry-related causes,
mainly sedimentation of chum spawning beds.

Although the stream supports fewer fry after logging due to loss of habitat, higher water tem-
peratures due to streamside harvesting (and also long-term climatic warming) lead to increases
in juvenile fish growth and survival and consequently a 1.6-fold increase in smolt production.



Second growth

Watershed
Recovery
Our unprecedented 34-year data sets provide the frame-
work required to address difficult management questions:
what is the cumulative effect of harvesting beyond spe-
cific levels (i.e., 65% basin harvest); what is the effect on
both large and small stream channels when the riparian
vegetation is removed or modified; what biological
changes result from altered stream habitats; and, how
long do these changes persist? Achieving sustainability
depends on advanced understanding of these watershed
relationships connected with forestry impacts and recovery.

Ongoing Research 
We are continuing most elements of the historic studies
but with a focus on long-term impact and watershed
recovery processes. The studies are organized so that we
have an integrated, basin-scale approach which explicitly
links (1) forest regeneration with hydrologic recovery and
hillslope processes (rainfall interception and runoff;
changes in landslide frequency, sediment generation and
delivery), (2) channel morphology changes, (3) riparian
conditions and finally (4) fish habitats.
Continued research and monitoring at Carnation Creek
still generates information relevant for validating forest
practices and supports forest policy, regulatory, and
guideline development. The ultimate goal is to ensure the

sustainable use
of forest resources by
protecting watershed
processes and aquatic
values.
Forestry practices that
may be affected by this
study in the future
include those that relate 

to area of harvest, gully and steep slope management, and ripari-
an practices, including retention along small tributaries both in
steep non-fish bearing headwaters and in low-gradient, fish-
bearing areas in valley flats. Documentation of subsequent harm-
ful effects and channel recovery will be a research priority
through the next several years.

Locating and mapping landslides

Carnation Creek was the first study to discover that many juvenile coho
salmon and cutthroat trout leave the mainchannel in autumn to avoid
mortality due to winter storm flows. Many fish seek the shelter of sea-
sonally flooded tributaries and “off-channel” sites (ponds, seasonally-
flodded depressions in the floodplain) during winter where they survive
the season at high rates. Fish moving between the mainchannel and
these shelter habitats are enumerated at bi-directional counting fences.

A field crew uses electrofishing techniques to determine the abundance
and distribution of juvenile coho salmon, rainbow (steelhead) trout, and
cutthroat trout rearing in Carnation Creek during summer.



Findings to Date
Three broad and interrelated categories of forestry-related
effects upon fish and aquatic habitats have been identified:
1. Structural Habitat Alterations - The main effects of forest
harvesting on the stream were bank erosion, loss of LWD, and
movement of sand and pea gravel to the lower reaches of
the stream and estuary. Some of these changes were a con-
sequence of riparian clearcutting; however, longer-term
changes to the stream channel resulted from increased fre-
quencies of landslides and debris torrents after logging.
Forestry practices affected chum and coho salmon by impair-
ing embryo development and reducing egg and alevin sur-
vival due to elevated sedimenta-
tion of spawning gravel. Habitat
complexity in both the careful
and intensive clearcut treat-
ments decreased after logging
due to reductions in the
amount, size, and stability of LWD
within the stream channel.
2.Temperature-related Shifts -
Riparian clearcutting has
increased stream temperatures in
all seasons. Increases during
autumn and winter accelerated egg and alevin development
rates that caused sequential changes in emergence timing,
growth, survival, and seaward migration timing in both chum
and coho salmon.These effects still persist and will likely con-
tinue for several years until a new riparian forest canopy is
established over the stream.
3.Trophic Shifts - Forest harvesting has had a variety of
effects aquatic communities, however, some relationships
were unclear while other interactions were either beneficial
or harmful, particularly to periphyton and aquatic macro-
invertebrates.

Current and Future Research Directions
This study has demionstrated that some forestry-related
changes such as water temperature increases and related
shifts in salmon growth and survival happen rapidly, while
others may take decades to fully develop. Some effects of
riparian harvesting at Carnation Creek, such as long-term
reductions in LWD supply to stream channels from harvest-
ed riparian zones, will not be fully observable until at least
60 years from now. However, 23 years after harvesting con-
cluded, key changes are occurring rapidly now in spite of
tree regeneration and growth in both riparian and upland
areas.These prolonged effects are currently being described
and quantified.
Further forestry-related declines in the quantity and quali-
ty of aquatic habitats are anticipated within the next 5
years due to (1) increased deciduous canopy closure over
the stream channel (resulting in lowered salmonid growth,
survival, and smolt output due to suboptimally lowered
water temperatures and aquatic primary production), and
(2) downstream progression of cumulative impacts of
landslide-generated sediment and debris into the part of
Carnation Creek historically protected by riparian buffers
and which contain the last remaining high-quality anadro-
mous fish habitats.This demonstrates the long timecourse

of some harvest-related alterations, and the vulnerability of
streams to hillslope failures and debris flows regardless of
riparian reserves.
Continued documentation of subsequent harmful effects
and channel recovery will be a research priority through
the next several years, and will support continuously
refined rainfall/landslide and sediment supply/transfer
models (hillslopes and channels), as well as channel distur-
bance and variability indices for management assessment
and fish habitat capability determinations.

Application of Carnation Creek Results for
Watershed and Fish Habitat Management
The Carnation Creek study is responsible for much of our

present understanding of
how small Pacific coastal
watersheds function, and
how forestry practices affect
these functions. The long-
term, continuous data sets
generated for several biolog-
ic, climatic, and watershed
physical parameters have
allowed the determination
of the relative impacts of for-
est harvesting, climate

change, variation in ocean conditions, and fisheries man-
agement on its salmonid populations.
Over 200 publications have been generated from studies of
fish-forestry interactions and watershed processes over the
past 34 years at Carnation Creek. Carnation Creek results
have been widely used to develop forest management
practices, regulations, and guidelines in BC and elsewhere in
the Pacific Northwest.The BC Coastal Fisheries Forestry
Guidelines (CFFG) which were first implemented in 1987,
and guided forestry practices in coastal forest districts until
1994, were primarily based upon research information from
Carnation Creek and the Queen Charlotte Islands.
The Carnation Creek study subsequently made substantial
contributions toward the development of the hillslope,
stream, and riparian management provisions of the Forest
Practices Code of BC which replaced the CFFG in 1995,
applied to the entire province, and contained legally bind-
ing regulations together with guidelines and recommend-
ed best management practices. These provisions remain
as default environmental standards under the new Forest
and Range Practices Act.
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