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 Abstract  

Riparian zones and the associated water body are some of the most productive, biologically 
diverse, and sensitive of places within many landscapes. Concerns for fish values, water 
quality, streambank stability, wildlife habitat, and dispersal corridors between landscape 
units have led to restrictions on forest harvesting activities around streams. There have been 
few rigorous studies of the effectiveness of management practices for any of the objectives 
listed above, and none that have addressed a broad suite of ecosystem processes for 
protection from forest disturbance. In this study we have integrated studies of many 
components of the riparian-stream ecosystem. Our overall design takes a process-oriented 
approach to understanding the functional linkages between components within and across 
the riparian-stream ecosystem. The study design allows for a rigorous test of the 
effectiveness of riparian buffers for meeting proposed objectives, with four replicated 
treatments (0 m buffers [n = 4], 10 m buffers [n = 3], 30 m buffers [n = 3], and partial 
cutting to the streambank [n=3]) and controls (n = 3) in a BACI design (before-after control-
impact). The 3 buffer treatments were conducted during 1998 while the partial cutting 
treatment will be conducted in 2003. Small, headwater streams in particular are problematic 
because the coupling between forest and stream is so much tighter for these streams, and 
because of the extent of their occurrence and possibilities for cumulative downstream 
effects. One of the novelties of our design is that it will allow tests of several hypotheses in 
addition to the direct evaluation of current forest practices. Some examples include the 
hypothesis that all groups of taxa are equivalent as indicators of forest disturbance and that 
the effects of forest harvest are direct rather than indirect. We propose ultimately to link 
these component studies in ecosystem models that can be validated using changes in the 
post-harvest period to test the predictive capability of the model. Such models may 
eventually find use as management tools. 
 
 
Introduction 
Riparian zones and the associated water body are some of the most productive, biologically 
diverse, and sensitive of places within most landscapes. Concerns for fish values, water 



quality, streambank stability, wildlife habitat, and dispersal corridors between landscape 
units have led to restrictions on forest harvesting activities around streams. There have been 
few rigorous studies of the effectiveness of management practices for most of the concerns 
listed above, and none that have addressed a broad suite of ecosystem processes for 
protection from forest disturbance. Small, headwater streams are particularly problematic 
because the coupling between forest and stream is so much tighter for these streams 
compared to larger streams. For instance, small streams are intensely shaded by the canopy, 
which is not so for larger streams, and at the same time litter inputs per stream-bed area are 
higher for small streams. The edge to area ratio of small streams also makes the connections 
between stream and riparian area of more consequence for smaller streams. In addition the 
numbers of these small streams and possibilities for cumulative downstream effects, make 
them important to consider in land management objectives.  

Current forest practices only recognise the need for riparian protection along larger, fish-
bearing or drinking water streams. Small streams without fish, and even fish-bearing streams 
less than 1.5 m wide (bankfull) receive no mandatory riparian reserves during forest har-
vesting. However, small streams contribute materials (organic matter, invertebrates, 
sediment), affect water quality (nutrients, temperature), and contribute to the hydrology of 
river segments downstream. The cumulative effects of even minor changes to headwater 
streams may modify downstream reaches even if the larger rivers do receive riparian 
protection.  

Most previous work on riparian management has been focused on fish and fish habitat, and 
little on other aspects of the stream-riparian system. The guidebooks of the Forest Practices 
Code of B.C. list many objectives for riparian management along streams, but the scientific 
bases for current practices are lacking. Among the objectives other than protecting fish 
habitat and drinking water quality, are wildlife (all wild organisms) habitat in both the 
terrestrial and aquatic environments, dispersal corridors, and ecosystem integrity. In this 
study we have integrated studies of many  
components of the riparian-stream ecosystem. Our overall design takes a process-oriented 
approach to understanding the functional linkages between components within and across 
the riparian-stream ecosystem. Although we are not studying every group of organisms or 
every process in detail, we do have sufficient coverage of many of the key aspects and 
indicators to make detailed inferences.    

    
    
   

 

 Experimental Design 
The study design allows for a rigorous test of the effectiveness of riparian buffers for meeting 
their proposed objectives, with four replicated treatments (no buffers [n = 4], 10 m buffers [n = 
3], 30 m buffers [n = 3], and partial cutting to the streambank [n=3]) and controls (n = 3) in a 
before-after control-impact design (BACI). The sites cover a broad range of variation in small 
streams found in the Malcolm Knapp Research Forest (MKRF). The BACI design allows us to 
treat any pre-treatment differences in sites as covariates in subsequent analyses. Tree harvesting 



for the 3 buffer treatments was conducted during 1998 while harvesting for the partial cutting 
treatment (50% reduction in basal area) will occur in 2003. 

The choice of buffer widths was based on several considerations. Under the Forest Practices 
Code of B.C. these small streams would be classed as S3, S4, S5 or S6 streams and therefore 
receive management areas, but no reserve area, i.e., no buffer strip, except on S3 streams, which 
get a 20 m reserve. Therefore, clearcut to the edge was an obvious treatment. On larger streams 
when fish are present the riparian reserve zone is 30 m wide and this is also a width broadly 
applied for riparian protection in the Pacific Northwest of the United States. Thus, our 30 m 
treatments match current practices (although not previously evaluated for their effectiveness). In 
practice one would be unlikely to find a 10 m buffer strip. However, we chose this width for 
several reasons. First, this provides an intermediate degree of protection between the 30 m 
treatment and no buffers. Second, we considered that we were unlikely to be able to detect much 
difference between a 30 m and a 20 m (as recommended by B.C.'s Forest Practices Code for 
small S3 streams) buffer strip. And finally, the 10 m reserve provides some functions of buffers 
(bank stability, some organic matter inputs, source of LWD), but only provides a small amount 
of protection for microclimate and terrestrial habitat. Treatments were assigned to sites based on 
a number of criteria rather than being entirely random. For one, East Creek and Mike Creek are 
long-term controls for other studies and therefore remained unharvested. South Creek, the site of 
a weir and for which there are long-term discharge and water quality data (see Feller, this 
proceedings), was given a 30 m buffer to moderate impacts somewhat. Cutthroat trout only 
occurred naturally in four of the sites and were transplanted (by permit) to two others. We 
attempted to assign treatments so that at least one of each treatment would be applied to a fish-
bearing stream. All other sites were randomly assigned to treatments. Summaries of site and 
treatment characteristics are presented elsewhere in this proceedings.  

One of the novelties of our design is that it will allow tests of several hypotheses about the 
stream-riparian ecosystem in addition to the direct evaluation of current forest practices. Some 
examples include the hypothesis that all groups of taxa are equivalent as indicators of forest 
disturbance and that the effects of forest harvest are direct rather than indirect. There are many 
aspects of this study that are steps forward from what has previously been done (Table 1).  
 
 
 Table 1. Some of the novel aspects of the MKRF Riparian Management Experiment.    
      
 · A focus on headwater stream-riparian ecosystems as unique environments in their own right, 
and for their influence on downstream reaches. 
· Before-after control-impact design (BACI) removes any confounding by differences in the 
sites before the manipulation (as a covariate), and has proper control sites.  
· Replicated treatments and controls allows for a robust statistical design.  
· Ecosystems - the wide range of components included in the larger study allows us to consider 
how the stream-riparian ecosystems function, and the process-oriented approach makes for clear 
hypotheses about mechanisms.  
· Linkages across the stream-riparian border are explicit.  
· Inclusion of study on the riparian zone as a habitat, not merely as a source of LWD for fish 
habitat.  



· Graded responses - the graded modulation of impacts from controls, to 30 m buffers, to 10 m 
buffers, to no buffers, allows us to consider disturbance magnitude as a continuous variable to 
some extent.    

 
Component Studies 
Data being collected as part of the broader study include weather (temperature, wind speed, 
precipitation, solar radiation), riparian vegetation cover, tree windthrow, terrestrial invertebrates, 
amphibians, and small mammals, litterfall and litter decomposition, streamflow (one stream per 
treatment and control has had a concrete V-notch weir constructed on it), streamwater physical 
(temperature, turbidity) and chemical (dissolved organic C, organic N, NO3, NH4, PO4, SO4, K, 
Na, Mg, Ca, Si, pH, electrical conductivity) properties, aquatic algae, invertebrates, and 
bacteria,  fish (cutthroat trout) and fish habitat. Details of many of the studies are described in 
other sections of this proceedings. Each of the components can be studied in isolation, as well as 
being coupled with aspects from other components. Some of the other aspects of the programme 
include more integrative aspects. For instance, one question that has been posed in the literature 
is whether the responses shown by different taxonomic groups in response to the same 
manipulation are congruent. Another way of asking that question is whether all taxa are 
equivalent as bio-indicators. We have some finer-scale, manipulative experiments planned to 
augment the larger programme (see other papers in this proceedings). Below we outline some of 
the components not covered in later chapters.   

 Leachate types - DOC: Dissolved organic carbon (DOC) is a primary source of fixed energy 
for microbial production in surface and ground water. The nature of the DOC changes, 
depending upon the litter source of the leached organic compounds. Harvesting forests results in 
primarily coniferous stands being replaced in early successional stages by deciduous plants. 
Michael McArthur (M.Sc. candidate) has studied the productivity of microbial assemblages 
cultured in natural streams and exposed to different kinds of leachates, i.e. DOC, from different 
tree species. The rates and amounts of leachates from different trees, as well as the qualitative 
differences, will have consequences for microbial pathways of production in our small streams. 
This will contribute to our understanding of carbon dynamics and shifts in the basis of 
production in streams before and after riparian harvesting.      
      

Shifts in sources of particulate organic matter: As above, once forests have been harvested, 
the primary source of organic matter (litter) inputs shifts from primarily coniferous to primarily 
deciduous, at least in the short term. This change in litter inputs may result in changes to the 
invertebrate assemblages feeding on particulate organic matter. In this study, we are looking at 
the resource use of invertebrates by manipulating the type of litter inputs (conifer vs. deciduous 
vs. a mixture).  

Manipulations of light, moisture, and ground cover: One of the changes in plant assemblages 
from forest harvest is the loss of moss as ground cover. Other changes, such as the amount of 
insolation and moisture, as well as direct physical scarification of ground cover, can all be 
manipulated experimentally. This study will involve combinations of alteration of ground cover 
by moss, shading (shade cloth or none), and sprinkling, to assess the direct and indirect 



mechanisms for some of the changes observed in plant and invertebrate assemblages from the 
riparian management experiment. 

 
How do changes in light and nutrient inputs affect the response of stream food webs to 
discharge: 
Removing riparian vegetation affects inputs of light and nutrients (primarily nitrate) to streams. 
Stream peri-phyton (complex mixture of algae, bacteria, fungi, and sediment) production 
generally increases as a result of changes in these abiotic factors. Periphyton communities in 
logged streams are different than those in unlogged streams. In streams with no buffer or a 10-m 
buffer, filamentous forms of algae dominate. These communities may be more sensitive to flow 
disturbance compared to periphyton communities in unlogged streams which are dominated by 
diatoms. In a series of experiments, we are manipulating light, nutrients, and food web 
composition to understand how various food web components respond to these manipulations. 
In addition, we are also investigating how stream food webs exposed to different light and 
nutrient regimes respond to flow disturbance. 
There are many direct and indirect pathways (not necessarily exclusive) by which changes in 
particular components can take place. Assigning causality to some changes observed in the 
larger experiment may not be feasible because of the large number of factors being measured. 
Nevertheless, it is possible to examine the suite of components for plausible mechanisms, which 
will form the basis for future, testable hypotheses. 
We can use the responses of various components (e.g., various taxonomic groups) as a means to 
determine which indicators most sensitively and precisely reflect particular disturbances. It may 
turn out that a group of indicators presents the best diagnostic test. 
One of the ecosystem measures that is critical for ecosystem function in small streams as well as 
downstream effects, is carbon dynamics. From the suite of measures on dissolved and 
particulate carbon export, standing crops, and other data on input rates, we can model carbon 
budgets for these headwater reaches. We predict that carbon dynamics will be closely linked to 
riparian manipulations and that this will be a sensitive ecosystem measure to assess the response 
of the streams to forest practices.  

Modelling: One of the methods we will use to integrate these studies will be through modelling. 
We can use our ecosystem model to build the computer algorithm using pre-harvest data. We 
can use the post-harvest data as a means of verifying the model and revising it. One of the 
potential outputs of the modelling efforts will be a management model that can be used as a 
scenario generator to consider novel means of managing riparian areas.  
The post-harvest phase of the study will continue intensively through 1999 and 2000, and, for a 
few measures, into 2001. Following the intensive phase we propose to continue monitoring the 
project at a reduced level of effort through the free-to-grow stage, and beyond, of the harvested 
areas.    
    
  
 


	One of the novelties of our design is that it will allow tes

