orest harvesting can influence
many aspects of stream
environments and watershed
functioning, with potentially negative
influences on water quality and
aquatic ecology. The most common
approach to protect stream
environments is to retain forested
buffer strips. However, this strategy
incurs economic costs due to the
reduction of area available for
harvest, and can complicate
operations such as yarding.
Consequently, the retention of
forested buffer strips,
particularly along headwater
streams, has been
associated with ongoing
debate and
controversy.

Many jurisdictions throughout North
America do not require treed buffers
along headwater streams, which are
often defined in relation to size and
(or) lack of fish presence (e.g., Lee et
al. 2004).

In response to these controversies, a
group of scientists organized a sympo-
sium on Small Stream Channels and
their Riparian Zones: Their Form, Func-
tion and Ecological Importance in a
Watershed Context in February 2002.
This symposium and an associated
workshop resulted in special issues of
the Canadian Journal of Forest Research
(Moore and Richardson 2003), and
the Journal of the American Water
Resources Association (Moore 2005).
The general consensus at the 2002
meeting was that there was insuffi-
cient knowledge of the functioning of
small streams and their responses to
forest harvesting to guide riparian
management in headwater
areas.

2 3 s

Since the 2002 meeting, a range of
projects focused on headwater streams
and their response to alternative ripar-
ian treatments has been conducted,
particularly in British Columbia and
the US Pacific Northwest. For example,
in British Columbia, provincial forest
research initiatives funded various
research projects focused on small
streams, while in the United States,
the Oregon Headwaters Research
Cooperative funded a series of projects
and meetings (Danehy and Ice 2007).
To provide a forum for presentation
and discussion of these emerging
research results and their implications
for riparian management, a confer-
ence was held February 19-21, 2007,
at the University of British Columbia,
titled Riparian Management in Headwa-

Continued on page 2
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ter Catchments: Translating Science into
Management. The conference was
co-sponsored by the University of Brit-
ish Columbia, Fisheries and Oceans
Canada, Natural Resources Canada
(Canadian Forest Service), BC Ministry
of Forests and Range, and BC Ministry
of Environment. The conference drew
over 200 participants from throughout
North America and as far away as New
Zealand. These scientists, forest and
aquatic resource professionals, and
non-government organizations
reviewed the state of headwater ripar-
ian management science in the Pacific
Northwest.

The meeting began
on February 19 with
a field trip to
Malcolm Knapp
Research Forest.
There, participants
learned about and
discussed results from
a project funded by
Forest Renewal BC
and Forest Invest-
ment Account (BC),
titled “Ecology and
management of
riparian—stream eco-
systems: A large scale

Scientists, forest and
aquatic resource
professionals, and
non-government

~ organizations

_ reviewed the state of
 headwater riparian

opportunity to reflect upon and
debate the implications of recent
research on the challenges associated
with riparian management in headwa-
ter catchments. Panel members
included:

s Dr. Rhett Jackson, Associate
Professor, Warnell School of Forest
Resources, University of Georgia

e Dr. David Kreutzweiser, Research
Scientist, Canadian Forest Service

e Mr. Bill Beese, Forest Ecologist,
Western Forest Products

e Dr. Kate Sullivan, Director of
Research and Development, Scotia
Pacific

The panelists’ com-

ments and follow-up

commentary from the

audience covered a

range of issues. Some

key points emerged
from the panel
discussion.

Study design: While
designed experiments
with replicated treat-
ments and pre- and
post-treatment mea-
surements are

experiment using

alternative stream side management
techniques.” On February 20 and 21,
oral and poster presentations high-
lighted recent research results from a
range of sites, including the
sub-boreal, Southern Interior, and
south coastal regions of British Colum-
bia, and the Cascades and Coast
Ranges of Washington State and Ore--
gon. Researchers working in the boreal
forest zone of Ontario and the south-
east United States came to compare
and contrast the research results from
their headwater studies. These studies
used various study designs, including
synoptic (retrospective) surveys, large-
and small-scale designed field experi-
ments, and computer simulations.

The meeting closed with a panel dis-
cussion, which provided an

statistically the most
rigorous approach for research, they
are often challenging to implement in
practice and apply in large-scale adap-
tive management experiments.
Operational constraints often mean
that treatments are not executed
according to the original study design,
and replication can be difficult, given
the dramatic variability in streams and
the often inaccurate representation of
headwater streams on maps. Alterna-
tive experimental designs such as case
studies or synoptic surveys should not
be completely discounted as means to
generate useful scientific knowledge
because of lower statistical or inferen-
tial rigour. There is also a shortage of
long-term studies (5 years) looking at
long-term changes and recovery pro-
cesses in headwater systems.
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Windthrow: In several experiments dis-
cussed at the conference, windthrow
reduced canopy cover below that
intended by the experimental design.
While it complicates the analysis,
windthrow is a common disturbance
element in riparian management, and
its influence needs to be considered.
As such, treatments may be
better represented by gradi-
ents in physical variables
(e.g., of reductions in can-
opy cover) rather than
discrete factors such as
buffer width. Windthrow is
a key issue for the design of
riparian buffers on small
streams; it is likely to occur
and windthrown trees still
have ecological functions. In
addition, we need to apply
our existing knowledge of
operational methods for
increasing the wind-firm-
ness of buffers, such as pre-logging
riparian treatments and pruning, and
to test these strategies in research
trials.

Significance of effects: At many study
sites, changes in physical variables,
such as water temperature, were near
the limits of detectability, especially
given the low statistical power associ-
ated with the typically short periods of
pre- and post-treatment observations
and the large spatial and temporal
variability within and among headwa-
ter streams. This situation regularly
leads to the challenges of Type Il errors
(not detecting a real difference
because of the lack of sufficient repli-
cation). Beyond the difficulties in
establishing statistical significance are
the challenges in assessing the ecolog-
ical significance of changes to the
stream-riparian environment. Are the
often small changes in physical or bio-
logical conditions ecologically
significant or within the range of natu-
ral variability? Do the type and size of
headwater stream matter? Determin-
ing the magnitude of changes in
physical and biological components of

Developing
scientifically
defensible indicators
allows forest
managers to

a stream that are acceptable to stake-
holders is fundamental to deciding the
level of riparian protection required on
headwater streams.

Process models: Except for some inten-
sively studied research sites, there is
incomplete information on how
changes in the
physical envi-
ronments of
streams and
riparian zones
translate into
biological and
ecological
effects. The
best approach
may be to
develop and
apply process
simulation
models to link
physical and
ecological pro-
cesses and predict cumulative,
large-scale spatial and future temporal
changes. For example, the effects of
riparian management on large woody
debris recruitment—and the subse-
quent changes in physical habitat and
structure within streams—can only be
assessed with models that can simu-
late processes and predict conditions
over decadal and longer time scales.

Indicators: How to measure the “eco-
system health” of headwater systems
is unclear due to the lack of
well-understood indicators or indicator
species in headwater streams and
riparian areas. Developing scientifically
defensible indicators allows forest
managers to demonstrate the
sustainability of any forest and riparian
practices in headwater areas.

Downstream effects: Headwater
streams export water, energy, and
materials to downstream aquatic habi-
tats (Wipfli et al. 2007), but our
understanding of these processes is
incomplete. In particular, how do dis-
turbances from forestry activities affect
these processes, how do they propa-

gate downstream, and how do we
best mitigate the effects?

Climate change: The need to consider
the confounding effects of climate
change on headwater riparian man-
agement was frequently expressed.
Stream temperatures and hydrology
will change, as will winds and insects
that may affect blowdown and impact
riparian buffers. However, current cli-
mate models are poor at predicting
localized and seasonal climate
changes. It was suggested that head-
water systems remain as intact and
resilient as possible to buffer and allow
adaptation to climate change.

State of knowledge: Although there
was consensus that our state of knowl-
edge has grown considerably since the
2002 conference, there was no con-
sensus on the effectiveness of
recommended best management
practices (BMPs) in headwater sys-
tems. Some participants voiced
caution over our lack of knowledge of
the long-term, cumulative effects of
forest harvesting on headwater ecosys-
tems, the extrapolation from
site-specific studies to the landscape
level, the limited ecoregional extent of
the studies to date, and the potential
importance of considering species at
risk and population connectivity. Oth-
ers believe we have enough research
to translate the science into sound
management practices and get on
with adaptive management trials. It
was suggested that differences in
opinion about the state of knowledge
may stem from the lack of agreed-
upon objectives or benchmarks
against which we can assess the signif-
icance of ecological effects. For
example, it is unclear what ecosystem
components we need to protect and
how much protection is enough or
too much. How much change in a
headwater ecosystem is acceptable to
stakeholders? Another important
short-term goal is a meta-analysis of
the currently available science to
determine quantitatively the scope
and limits of our knowledge of head-
Continued on page 4
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water ecosystem processes and our
ability to assess the risks of manage-
ment activities on stream and riparian
resources.

Operational forestry: An important
challenge is getting the forestry sector
to buy in to recommendations for
BMPs in headwater areas. Education,
tax incentives, and (or) carbon credits
were discussed as ways to encourage
retention of riparian forest in headwa-
ter areas.

Summary

The conference successfully pulled
together much of the existing and
emerging science on headwater ripar-
ian management and provided a
forum for scientists, resource manag-
ers, and other stakeholders to discuss
the implications for sustainable forest
management. It also identified many
significant knowledge gaps and chal-
lenges that need to be considered
when translating the science into man-
agement actions in headwater forests.

There is a need to identify and clarify
the key ecological changes associated
with harvesting in headwater systems
and agree on methods to measure the
changes, the relevant space and time
scales for monitoring, and the identifi-
cation of acceptable thresholds. More
specifically, to advance the sustainable
management of headwater forests, it
will be necessary to:

1. define clear and quantifiable
objectives for riparian
management, as the existing
primary objectives in most
jurisdictions only identify
protection of fish and drinking
water quality, which are not
relevant in many headwater
systems;

2. propose alternative management
strategies to meet these
objectives; and

3. develop a research plan for testing
the management strategies.

Research plans will need to consider
both physical and biological responses

and their interactions, downstream
propagation of disturbances, and
post-disturbance recovery. The last
two considerations are necessary for
extrapolating from sites to landscapes.
In addition, research plans should inte-
grate field monitoring and process
models.

Despite the knowledge gaps, a solid
foundation currently exists to propose
partial answers to the question of how
to balance the protection of headwa-
ters with sustainable forest
management. For example, retention
of some level of merchantable riparian
forest is clearly required to provide
shade and maintain inputs of organic
matter, both litter and farge woody
debris. The important challenges lie in
determining how much retention is
required, in what spatial pattern, and
on which particular stream reaches, as
well as how to address windthrow.
Recognizing that there is considerable
uncertainty in the current state of
knowledge, it will be important to
adopt an iterative approach to setting
BMPs. As new information accumu-
lates from ongoing research and
evaluation of proposed BMPs, revisions
to forest management practices
around headwaters will be needed
(i.e., adaptive management).

The conference program and abstracts
are available at
http://faculty.forestry.ubc.ca/
richardson/RiparianManagement
Conference/ConferenceProgram.pdf
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