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BY MARYANNE REITER

“The current concern about the
impact of logging on water and fish
is not new, as many people wish to
believe.”

—G.W. Brown, 1972, early researcher
on the Alsea watershed studies

hile concern
over the impact

of logging practices
on water and fish
was not new in 1972,
what was new at the
time was the
approach the Alsea
Watershed Study used to examine
those concerns. The study was done at
the watershed scale, not just on a
small reach, and it examined logging
effects on water and fish at the same
time instead of in isolation. This
approach allowed the scientists to start
linking physical effects with biological
responses—a method we still use over
50 years later. 

Since the original Alsea Watershed
study, forest practices and the instru-
mentation and techniques to measure
their effects have changed dramatical-
ly. Several studies initiated in the past
decade have examined a range of
practices including timber harvest,
road construction, and site prepara-
tion (e.g., herbicide application) as
well as a broad range of responses
from sediment to water quantity to
fish. This article provides a brief
overview of studies on working forest
landscapes of the Pacific Northwest
that are measuring how riparian pro-

tections affect aquatic ecosystems and
focuses on a few key stream responses
to management.

Overview of research efforts on
private forestland: Who is doing
what where?

The multitude of stream studies
being conducted range in size from
larger watersheds that may have small-
er watersheds within them, to small
basins and down to the reach scale.
The scale of the study depends on the
questions being asked, and of course,
the resources available to answer the
questions. Larger, nested-watershed
studies are needed to evaluate whether
local practices have downstream
effects. But if the question involves
understanding the variability of a prac-
tice across a large area, then a reach-
scale study is appropriate since they
are generally smaller and can be imple-

mented more widely. The following
describes the current studies in
Oregon, Washington, Idaho, and Alaska
that are evaluating aquatic ecosystem
response to forest management.  

Cooperative, multi-disciplinary
long-term watershed scale
studies

Four major watershed scale studies
are being conducted by universities in
cooperation with landowners and
agencies (see Table 1). The goal of these
watershed studies is to examine the
effects of contemporary forest prac-
tices on water quantity and quality
(e.g., sediment, temperature, nutrients,
etc.) and aquatic biota (e.g., periphy-
ton, macroinvertebrates, amphibians,
and fish) across intensively managed
forest landscapes. Many of these stud-
ies evaluate both local responses (har-
vest unit or road crossing) as well as
whether effects are transported down-
stream in order to explore any offsite
impacts. These watershed studies are
critical to understanding actual biolog-
ical responses and the underlying
processes that govern those responses,
which is key to predicting long-term
and widespread management effects
rather than just assuming a biological
response from a single parameter
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response such as temperature. 
In Oregon, three of the contempo-

rary watershed-scale studies have
been organized under the Watersheds
Research Cooperative at Oregon State
University (watershedsresearch.org/).
These studies include collaborators
from research organizations, including
Oregon State University, state and fed-
eral agencies, and landowners (Table 1
shows more detail on the various stud-
ies). In northern Idaho the Mica Creek
experimental watershed (www.web-
pages.uidaho.edu/micacreek/
index.htm) began collecting long-term
data in 1991. The study was done in
cooperation with Potlatch Corporation
and the University of Idaho. 

These four watershed studies gen-
erally used a nested, paired design,
meaning there were small watersheds
within the larger watershed and that

some of the study basins were not har-
vested so they could be used as a refer-
ence. The studies measured ecosystem
parameters before harvest to compare
to post-harvest response, which is
termed a before-after/control-impact
(BACI) design.  

Agency studies

State forestry departments also
sponsor and conduct research and
monitoring efforts to evaluate the effi-
cacy of their forest practices rules. In
Oregon, the Oregon Department of
Forestry (ODF) conducted a multi-year
study across the Coast Range to exam-
ine the effects of forest harvest on
stream temperature and large wood
recruitment; the results of that study
has led to a re-assessment of small and
medium stream buffers on private
forests (www.oregon.gov/ODF/Board/
Documents/RFPC/RipStreamProject.
pdf). 

In Washington, the state Forest
Practices Board established the
Cooperative Monitoring, Evaluation
and Research Committee (CMER) to
provide the science needed to support
their adaptive management program.
CMER currently has several studies
focused on the effects of riparian man-
agement for both non-fish and fish
streams (http://1.usa.gov/1KbE0pd). 

A similar effort has been ongoing in
Alaska where the effectiveness of the
forest practices act for protecting
aquatic ecosystem characteristics has
been evaluated over the last 18 years.
Participants in this monitoring pro-
gram include private landowners, the
Alaska Department of Natural
Resources, and Department of
Environmental Conservation.
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Resources

In addition to the information on the study websites indicated in the article,
below are some other sources of recent information.

Alaska Research Reports: http://forestry.alaska.gov/forestpractices.htm#eff

American Fisheries Society 2015 Meeting Session: Effects of Contemporary Forest
Management Practices on the Physical, Chemical, and Biological Characteristics of
Headwater Streams: https://afs.confex.com/afs/2015/webprogram/
Session3474.html

Washington Stream Temperature Research:
https://fortress.wa.gov/ecy/publications/SummaryPages/1203020.html

(CONTINUED ON NEXT PAGE)

Table 1. Selected studies examining the effects of contemporary forest
practices on aquatic ecosystems in the Pacific Northwest.

Agency/University Studies

Cooperative Watershed Scale Studies

State, study name, Experimental Harvest treatments What was 
and landowners design and riparian buffer measured 

widths (each side) instream?*

Idaho: Mica Creek - Nested, paired Clearcut, partial cut. A, F, M, N, 
Potlatch Corporation watershed; BACI Non-fish: 30 ft equip. SF, S&T, T

exclusion. Fish streams:
75 ft.

Oregon: Hinkle Creek - Nested, paired No overstory A, F, M, N,
Roseburg Forest watershed; BACI buffers on non-fish SF, S&T, T
Products streams; up to 100 ft 

on fish streams

Oregon: Alsea Paired watershed; Small fish-bearing C, DO, F, M, 
Watershed Study - BACI stream 50 ft buffer N, SF, S&T, T
Plum Creek 

Oregon: Trask Nested, paired Non-fish streams: A, DO, F, M, 
Watershed Study - watershed; BACI 0 ft to 25 ft. N, OM, P, SF, 
ODF, BLM, and S&T, T
Weyerhaeuser Co.

Alaska: Riparian Stream reach; Fish streams: 65 ft CHN, LW, T
Management BACI and studies standard or 100-220 ft
Evaluation in Coastal where there are for wide buffers
Working Forests - no control 
Martin and Shelly, reaches
Martin Environmental

Oregon-RipStream - Stream reach; Fish streams: 50 ft to LW, T
ODF, various Coast BACI 70 ft on private sites
Range landowners.  

Washington-Type N Small watersheds; Non-fish streams: 0 ft A, F, LW, M, 
and F Buffer BACI to 50 ft; fish streams N, OM, SF, 
Effectiveness Studies - (eastside): 75 ft S&T, T
various private for shade
landowners 

* A=amphibians, C=chemicals, CHN=channel/habitat, DO=dissolved oxygen, F=fish,
LW=large wood, M=macroinvertebrates, N=nutrients, OM=organic matter, P=periphyton,
SF=streamflow, S&T= sediment and/or turbidity, T=temperature 



Findings on various topics

The following is a brief summary
with a focus on the biological response
of the results and initial findings from
the various research and monitoring
efforts (see sidebar for additional
information). 

Fish. Fish response to management
varied with proximity of the harvest
treatment to the stream reaches where
fish were present. At Hinkle Creek,
harvest along headwater streams
resulted in no change in density or
biomass of age 0 and age 1+ cutthroat
trout and no detectable changes in
habitat. Subsequent harvest with
buffers along fish-bearing stream
reaches resulted in increases in fish
size and growth. 

The cutthroat trout in the Alsea
study showed increased biomass, and
abundance after timber harvest, which
was largely a result of the increased
number of young fish. This study also
found that harvest effects are localized
(proximal to streamside harvest). The
Alsea age 0 trout also showed no evi-
dence of treatment effect on abun-
dance or biomass but mean fork
length declined somewhat after har-
vest. The Alsea coho salmon showed
no evidence of a management effect
on abundance, biomass, mean size,
distribution, or condition. For both
Hinkle and Alsea there were also very

few measurable changes in habitat as
a result of timber harvest with buffers. 

Trout one year and older in Mica
Creek showed the greatest post-harvest
increase in density response immedi-
ately downstream of the clearcut water-
shed, with lesser increases below the
partially harvested reach. Mica Creek
researchers speculated that fish densi-
ty increased in the harvest units rela-
tive to the reference streams due to
increased primary productivity, more
flow, and earlier season increases in
water temperature. 

Amphibians. Three of the studies
examined the response of amphibians
to timber harvest (Hinkle, Trask and
CMER Type N). The species examined
included Pacific giant salamanders, tor-
rent salamanders, and coastal tailed
frogs, depending on the site. Responses
varied among studies, species, and
buffer treatment. For example, prelimi-
nary findings in the Trask study indicate
that there was no response to harvest in
Pacific giant salamander density but a
consistent increase in growth rate. In
contrast, the Washington Type N study
found a decrease in density of that
species at sites with a 50-ft no-touch
buffer for 50% of the stream length, but
no change at sites with a 50-ft buffer for
100% of the stream length or at sites
where no overstory buffer was retained.
In Hinkle Creek there was no apparent

response of Pacific giant salamanders
to harvest treatments. 

The response of the other amphib-
ian species studied in Washington, i.e.,
coastal tailed frogs and torrent sala-
manders, varied depending on treat-
ment. For streams with no overstory
buffer retained there was no change in
density of coastal tailed frog larvae, an
increase in coastal tailed frog adults,
and an increase in torrent salaman-
ders. For the streams with a 50-ft no-
touch buffer over 50% of the treatment
reach length there were positive densi-
ty responses in tailed frog larvae but
no change in the tailed frog adults and
torrent salamanders. At sites with a 50-
ft buffer along 100% of the channel,
tailed frog density increased but the
other species did not change.     

Macroinvertebrates. The CMER
study in Washington found that there
was no significant change in macroin-
vertebrate drift and no large shifts in
community composition in the har-
vested watersheds (all riparian treat-
ments) relative to the reference water-
sheds. This is similar to the results
found in Mica Creek where functional
feeding groups and species diversity
were relatively unresponsive in
streams below areas that experienced
road construction and timber harvest. 

For the small, non-fish headwater
and mainstream fish-bearing sites in
Hinkle Creek, changes in macroinverte-
brates after timber harvest included a
decrease in taxa richness; an increase in
the percent of some species; and an
increase in the rate of adult aquatic
insect emergence. These changes were
observed adjacent to harvest activities
with no changes in macroinvertebrates
detected downstream. 

Similarly, initial results from the
Trask study indicate that macroinver-
tebrates have a local response follow-
ing harvest with the degree of change
related to the degree of riparian
canopy removal.

Temperature. Temperature respons-
es of small, non-fish streams varied by
stream, harvest, and riparian buffer
characteristics. Riparian overstory
buffer requirements for this class of
stream ranged from 0 to 50-ft wide,
depending on state rules and study
design, with harvest treatments
including clearcut and partial cut. 

Results from these studies indicate
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that changes in temperature for
streams without a riparian overstory
buffer ranged from a 1.6°C decrease to
a 3.6°C increase in daily maximum
temperatures. The lack of temperature
response in some small streams was
potentially due to increases in stream-
flow following harvest as well as resid-
ual shade from low shrubs or slash. 

For studies measuring stream tem-
peratures downstream of these small
headwater streams, there were no sig-
nificant increases in fish-bearing
reaches as a result of upstream har-
vest. For example, at Mica Creek ripar-
ian buffers effectively ameliorated any
upstream harvest effect on summer
temperature since no changes in
downstream temperatures were
observed. An Oregon fish-bearing
reach study with 50-ft to 70-ft wide
buffers found that average daily maxi-
mum temperature increased 0.7°C.
Average daily maximum temperatures
for fish-bearing reaches in eastern
Washington, where all available shade
must be maintained within 75 ft of the
channel, the average increase was
0.2°C. In Alaska, while temperatures
were significantly higher in the study
reaches, the increases were very small
(<1.0°C).  

Summary

In the last decade numerous long-
term studies have been initiated that
focused on quantifying the effects of
contemporary stream protection prac-
tices on aquatic ecosystems in the
Pacific Northwest. These ongoing
studies have examined small- to large-
stream systems in order to understand
the interaction of aquatic ecology and
watershed-scale management across
the working forest landscape. What
they have found is that contemporary
forest management effects are dramat-

ically different than historic practices
and are often within natural back-
ground variability. The initial results
from studies examining fish dynamics
have indicated that there is no appar-
ent downstream fish response to
upstream harvest of non-fish streams.
Timber harvests along fish-bearing
streams have generally shown a posi-
tive response in growth and/or densi-
ty. Likewise, preliminary data shows
that amphibians and macroinverte-
brates had little immediate response
to harvest even in streams where no
overstory was retained. Stream tem-
perature response varied from no

change or a decrease to an increase of
a few degrees. 

These studies, taken together, indi-
cate that while there are detectable
changes in physical parameters, cur-
rent riparian and upland management
practices do not appear to negatively
impact the aquatic ecosystems of the
working forest landscape streams. ◆

Maryanne Reiter is a hydrologist
for Weyerhaeuser Company in
Springfield, Ore. She can be reached
at 541-988-7527 or maryanne.reiter@
weyerhaeuser.com.
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