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Purpose and management implications 

One of the objectives of sustainable forest management is the protection of aquatic 
resources, including clean water, healthy organisms, and ecosystem processes. The riparian 
zone, being the interface between the terrestrial and aquatic systems, plays an important role in
controlling the impacts of land use activities, such as forestry, on aquatic resources. The mo
common approach to maintaining the integrity of the riparian zone is to leave reserve zones 
along streams, usually in the form of buffer strips. Many jurisdictions stratify stream protectio
primarily by stream size. While most jurisdictions require the retention of riparian forest cover
along larger streams, prescriptions vary dramatically for riparian retention along smaller, 
usually non-fish-bearing, stream reaches. Some jurisdictions require buffers that extend up
and sometimes upslope of the perennial channel network and include intermittent s
while others, such as British Columbia, do not require leave strips along non-fish-bearing 
streams (unless they are a designated community water source) or even the smaller fish-bearing
streams (i.e., those less than 1.5 m bankfull width), i.e. S4, S5 and S6 streams. Clearly there
a bewildering set of management guidelines used in North America, which only make sense 
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when one considers the diversity of management objectives amongst jurisdictions. 
 

Small streams are sometimes referred to as headwaters, but that term is often broadly 
applied
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Several arguments are commonly raised against the retention of buffer strips along 
small s  
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e set out in 1996 to test experimentally the effectiveness of a range of riparian 
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 and does not fully capture our notion of small streams.  By small streams we mean 
those channels that have no perennial tributaries to them, and themselves may be intermitten
or seasonal in surface flow.  These small streams occupy the headmost position in a drainage, 
but are not necessarily at high elevation.  They are more often steeper than downstream 
segments, but that is not a specific criterion.  Several authors have demonstrated that the
streams are underrepresented on maps of all scales, perhaps to the point of less than 25% of
permanently-flowing small streams appearing on topographic maps at 1:50,000 scale.   
 

treams. Riparian leave strips can complicate access and yarding operations and incur
opportunity costs to licensees. These costs can be considerable, given the high density of such
streams in many landscapes; in extreme cases, buffers along headwater streams may overlap. A 
good example of opportunity costs associated with riparian buffers is the lower Nadina 
watershed in central British Columbia, where temperature sensitivity is a major manageme
issue. To provide shade and thus reduce the potential for stream warming, extensive buffer 
strips are retained along small streams. It has been estimated that these buffers constitute 12
of the operable land base (D. Wilford, B.C. Ministry of Forests, pers. comm.). Another 
argument is that narrow buffer strips can be subject to significant blow-down, which ma
reduce their effectiveness (although this has not been tested experimentally) and can 
potentially generate significant sediment inputs via streamside soil disturbance. 
 
M

W
ent treatments on small streams and their riparian areas.  Initially, 13 small strea

were selected at the University of British Columbia’s Malcolm Knapp Research Forest 
(MKRF) in the coastal mountains of southwestern British Columbia (BC).  The 
second-growth western hemlock – western redcedar – Douglas-fir forests were about 70
of age at the start, having been initiated in a 1931 wildfire. The biology of these streams was 
studied for about a year, and their chemistry and physical properties for about 3 years, prior to 
harvesting in 1998.  Streams were assigned to control (no new harvesting in the waters
clearcut to the banks (default for small streams in BC – those with stream channels < 1.5m wid
or those lacking fish), 30 m or 10 m reserves (no logging activity in reserves) on both sides 
the channel.  Each of these treatments and controls was replicated 3 or 4 times, providing a 
replicated, before-after control-impact (BACI) design, which allows for some statistical 
control for initial differences.  The study includes many aspects of the physical, chemical a
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biological processes within streams and their riparian areas including physical habitat, wate
chemistry and temperature, organic matter dynamics, invertebrate and fish populations, and 
riparian plant communities. We intensively monitored these responses for about four years
post-harvest with less intensive monitoring through 2008. This time-series allowed us to 
quantify short-term immediate impacts as well as document early stages of recovery. 
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rtial harvesting within riparian areas has been proposed to provide harvest 
pportunities while maintaining some of the functions of riparian reserves. Assessment of the 
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This project is a process-based study using experimental manipulations and a 
e of the experimental design and careful hypothesis 

developm egions 
elines 

 has 
ide circulation (see list at the end of this summary).  Other articles in non-journal sources 

have als nt 

o
n streams and riparian areas of such harvesting has been limited. In 2002 we b

additional trial by adding three new streams to our study. The riparian and adjacent areas of 
these streams were subjected to a 50% basal area removal. We compared these three streams t
our three original control sites. Following two years of pre-treatment data collection, the 
harvesting of those three additional streams took place in 2004.  
 
Scope and regional applicability 

multidisciplinary approach. Becaus
ent, many of the results here will be applicable far beyond the coastal forest r

and small streams.  In fact, the results from this study have been incorporated into guid
in Ontario, Oregon and Washington, as well as contributing to the Riparian Guideline in BC.  
Our results have drawn the attention of many forest practitioners in BC and beyond.   
 

Much of this work has been published in the peer-reviewed literature where it
w

o been published.  For a general summary, see  Streamline: Watershed Manageme
Bulletin 13(2):1-16 at http://www.forrex.org/publications/streamline/streamline.asp  

 
 
 

Lessons learned and Applications 
Through all the component studies, one of the dominant messages is that small 

 riparian forest cover, and that even small amounts of 
protectio
streams are sensitive to removal of

n (10 to 30 m reserves) reduce the magnitude of change.  Another lesson is that most 
of the changes seen appear to be relatively short-lived, with substantial recovery occurring 
within a decade. For instance, we found that total particulate litter inputs at clear-cut sites 
reached levels observed in controls in about seven years post-harvest. On the other hand, 
persistent differences in litter composition indicated that this treatment had yet to recover fully 
from logging impacts.  

http://www.forrex.org/publications/streamline/streamline.asp
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For stream temperature and several other parameters, the magnitude of response 

aried strongly among streams within a particular treatment as a result of inherent differences 
in their 

 set quantitative targets for streamside management 
ecause of the range of target processes (e.g., water temperature, large wood input) or species 

(i.e., aqu

t a variety of ecological attributes responded to the 
parian disturbance gradient in a generally predictable way: as riparian protection was reduced, 

effects o

v
hydrogeomorphic characteristics as well as substantial inter-annual variation in 

environmental conditions. This observation has important implications for the design and 
interpretation of large-scale management experiments, and for extension of study results to the 
design and implementation of management practices. High within-treatment variability 
highlights the importance of replication. To address this variability, pre-treatment data should 
be collected, which can be used in subsequent analysis as covariates providing some measure 
of control. In terms of management, the lesson is that we should use caution when extrapolating 
experimental findings to a broader population without carefully considering the governing 
processes at individual streams. Nevertheless, our experimental approach (pre-treatment data, 
random selection of treatments, replication, the use of model ecosystems) provides the most 
rigorous test to date of the ecological effects of contemporary riparian management practices 
on headwater streams. Our findings can be used to predict the potential effects of different 
riparian strategies on similar headwater streams within the Coastal Western Hemlock 
biogeoclimatic zone. 
 

A universal challenge is how to
b

atic and terrestrial) that can be affected. Some of these targets may require greater 
retention of riparian forests than others. Furthermore, cumulative effects of incremental 
changes in the landscape across large scales are difficult to quantify for a number of reasons. 
One reason is the confounding effects of individual responses. For example, we observed 
changes in light flux and water temperature as a function of riparian treatment, and both these 
variables can affect stream populations. We addressed this issue by using small-scale 
experiments. We were able to show, by holding water temperature constant, that changes in 
light flux were consistent with changes in primary productivity. Another important 
consideration for design and implementation of retention targets for small stream protection is 
the vulnerability of retained trees to windthrow. Windthrow levels in this study were within the 
typical range for second growth stream reserves in coastal BC. Substantial damage to reserves 
would likely change the outcome. 
 

Despite these issues, we showed tha
ri

n stream properties increased. This result is important as it provides a means for 
deciding the level of protection to implement given a particular ecological response targeted 
for protection (e.g., leaf litter input). Lastly, the rates of recovery of all ecosystem processes 
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need to be considered, because ecosystem resiliency may be lost as the extent of the managed 
landscape increases. Our study was long enough to show the early stages of recovery; however, 
because the riparian plant community remains dynamic, we expect that the recovery process 
will also be dynamic. Thus, we intend to continue monitoring these systems to understand 
when these processes have recovered sufficiently to withstand, or recover from, another bout of 
impacts.   
 

Our results have had influence on guideline development for riparian management 
nd even urban development.  The results have been useful to jurisdictions including BC, 

Ontario,

e are grateful for funding of the project from Forest Renewal BC, Forest Investment Account 
ram.  The Malcolm Knapp Research Forest has been of enormous help 

ahuguna, D. 2008.  Postharvest windthrow and recruitment of large woody debris in riparian 
ersity of British Columbia.  
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s, 

ulus) in a stream food web vary with life 

Bon
le of the signal crayfish (Pacifastacus leniusculus) in a coastal Pacific stream. 
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 southwestern 

a
 Oregon, Washington and even Australia.  This project has also been the impetus for 

several meetings about riparian area management in BC and globally, and other syntheses. We 
have begun to consider how these coupled stream-riparian systems might interact with climate 
change and forest management, as there are many ways that forest management may react and 
adapt to climate in our future forest ecosystems.  
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