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Project purpose and management implications: There exists a great deal of uncertainty and 
controversy surrounding the impacts of streamside timber harvesting practices on small stream 
ecosystems and their salmonid populations. For example, studies in the scientific literature often report 
conflicting results, with some studies reporting largely detrimental impacts whereas other studies report 
benign or even beneficial effects (e.g., see the compendia edited by Meehan 1991 and Salo and Cundy 
1987). Even the most recent compilation of fish-forestry studies edited by Northcote and Hartman (2004) 
underscores the variety of stream ecosystem responses to logging that have been observed. This confusion 
makes it difficult for resource practitioners to make scientifically defensible management decisions 
surrounding the protection and sustainability of British Columbia’s natural fisheries and forestry 
resources. To that end, a broad-scale synthesis and analysis of existing scientific data related to the 
impacts of forestry operations on small stream ecosystems is of paramount importance for providing 
managers with the appropriate tools with which to make policy decisions, an exercise which to our 
knowledge has never been published. Furthermore, because stream temperature is of overriding 
importance in determining not only fish distribution, physiology, growth and bioenergetic allocations but 
also other stream ecosystem aspects (such as stream invertebrate production), the ability to forecast 
potential stream temperature changes resulting from logging would provide resource managers with 
additional, vital tools to allow them to conduct risk-analyses and to formulate overall management 
policies. We therefore used two complementary approaches to bridge this knowledge gap: a meta-analysis 
of existing, published scientific fish-forestry data and the application of a predictive stream temperature 
model to forecast post-logging temperature changes in small streams.  
 
The economy of BC is intimately tied to forestry and fisheries resources, yet forest harvesting practices 
have been shown to affect stream habitat and the health & survival of stream fish populations. As a result, 
there is an on-going conflict between the resource management objectives of fisheries and forestry 
planners. For example, scientific studies have shown that streamside clear-cutting can raise summer 
stream temperatures, which can have both positive and negative effects (both direct and indirect) for 
resident and migratory salmonids. By contrast, fisheries managers wishing to protect small streams by 
establishing riparian buffer strips have reduced the effective land base available to forestry companies, 
and this has resulted in an increase in their operating costs. Protection measures such as in the BC Forest 
Practices Code and riparian management guidelines, while necessary, are potentially costly, and our 
research seeks to ease the conflict between BC’s fisheries and forestry managers without compromising 
the protection each wishes to afford their respective resource. We anticipate that resource practitioners 
and policy makers (including those in government and industry), will be able to use our results to 
implement scientifically defensible management decisions given the new results-based Forest and Range 
Practices Act in effect. We believe this study to be of particular value given the mountain pine beetle 
epidemic currently ravaging north-central BC, as our results will provide managers with the tools to 
forecast post-logging impacts on small stream ecosystems under varying harvesting intensities, and allow 
them to tailor their harvesting activities to aggressively combat the pine beetle while maintaining the 
ecological integrity of small streams. Other anticipated end users include fellow researchers in academia 
and governments, as well as members of First Nations groups and the general public, all of whom will 
potentially benefit from our proposed meta-analysis and synthesis through an increased awareness of the 
broad-scale effects of streamside logging practices on stream habitats and their salmonid populations. 
 
Methodology overview: We identified 25 studies from the fish-forestry primary and secondary literature 
which reported data at a sufficient level of detail that allowed us to conduct a meta-analysis to identify 



those factors which were most closely linked to reductions in stream habitat quality and quantity, as well 
as in salmonid density and biomass. Variables of interest included stream size and gradient, the quality 
and quantity of pools and large organic debris, region (coastal versus interior regions), salmonid life-
history stage (young-of-the-year versus juvenile and adults) and species (Pacific salmon, trout, and char), 
and short versus long-term impacts. These studies covered a broad range of biogeoclimatic regions (from 
coastal regions such as Alaska and the Pacific Northwest (BC, Washington, Oregon) to temperate, interior 
regions such as northern and southern BC, as well as Alberta), thereby making their results ideal for 
application across the broad and varied landscapes seen across BC. A combination of univariate and 
multi-variate statistical techniques were used to assess patterns in the data and to determine under what 
circumstances the greatest post-logging changes are observed in our response variables. These 
comprehensive data and our innovative approach allowed us to identify which region, life-history stage, 
and species might be most vulnerable to logging-related impacts, and over what time period these impacts 
are likely to occur. This information is sorely needed to try and pinpoint what factors might be 
responsible for detrimental or beneficial logging-related impacts and under what conditions these occur, 
and what measures might be implemented to avoid those that are detrimental.  
 
Secondly, water temperature is one of the most important factors regulating physical and biological 
processes in small streams, and logging to stream banks (with the subsequent reduction in overhead 
canopy cover) can alter the thermal characteristics of streams and in many cases can result in increased 
summer temperatures as well as increased diurnal fluctuations. A model that can accurately predict stream 
temperature responses to logging would be a powerful risk-management tool, allowing managers and 
planners to determine if potential post-logging changes would be beneficial or detrimental to resident fish 
species and to consequently recommend appropriate levels of riparian harvest. However, predicting these 
changes is a potentially complex undertaking given the myriad possible interactions among energy budget 
components, and previously published reach & basin-scale models typically require extensive hydro-
meteorological data. Recently, Mellina et al. (2002) developed a stochastic, reach-scale model (henceforth 
referred to as the cooling model) to predict downstream temperature trends in small headwater and lake-
headed streams using easily measured predictors (the maximum temperature at the US site and the 
average amount of shading between study boundaries). The cooling model’s overall simplicity makes it 
an attractive alternative to the detailed hydro-meteorological energy budgets that are typically required 
when making predictions about stream temperatures. Because canopy cover is one of the predictors, the 
model has the potential to become a cost-effective and powerful risk-management tool that would allow 
fisheries and forestry managers to predict post-logging temperature changes in small, headwater and lake-
headed streams. These changes could then be assessed in terms of the thermal tolerances of resident fish 
species to determine if they would likely be beneficial or detrimental. The management application of the 
cooling model was illustrated by forecasting post-logging temperature increases as a function of starting 
temperature and canopy cover, and comparing these increases with the thermal tolerances of stream-
dwelling salmonids. 
 
The cooling model was used to predict the amount of downstream cooling or warming using a range of 
hypothetical starting (US daily mean and maximum) temperatures and canopy cover levels that might be 
expected across BC. The predicted values were then added to the US mean daily temperatures to estimate 
average summertime DS mean daily temperatures. We also compiled the optimum growth and upper 
lethal temperatures of the juvenile stages of 15 salmonid species (the five Pacific salmon, three species of 
trout, four species of char, two species of whitefish, and one species of grayling). These species were 
chosen because they define a fish-bearing stream in BC, they represent a group of fish that is cold-water 
adapted and are consequently most likely to be affected by post-logging temperature increases, and they 
have life-history stages wherein they are stream-resident for at least part of the summer. To illustrate how 
the model can be used, we applied it to assess the effects of predicted temperature changes on the 
emergence of fry and on juvenile growth of three salmonid species commonly found in BC streams: 
rainbow trout (Oncorhynchus mykiss), sockeye salmon (O. nerka), and bull trout (Salvelinus confluentus). 



When combined with knowledge about which fish species are present in any given stream, the post-
logging temperature changes predicted by the cooling model can be compared with fish thermal 
tolerances to determine if any increases would likely be beneficial or detrimental, and to consequently 
recommend appropriate riparian harvesting levels.  
 
Project scope and regional applicability: The results of our literature survey and the example of the 
cooling model’s management application are likely suitable for small streams and their salmonid 
populations in all areas across BC. However, because the cooling model was developed using data from 
streams located in north-central BC, we caution that further testing is required to confirm the model’s 
applicability to other regions of the province.  
 
Preliminary conclusions: Post-logging effects were largely independent of stream size and gradient 
(except for the number of pools), with the majority of the 25 studies reporting negative effects on large 
wood (LW) and pool habitat but positive effects on salmonid density and biomass. The greatest post-
logging reductions in all response variables were generally associated with streams subjected to the 
removal of in-stream LW (either deliberately or as a result of debris torrents), whereas age of logging and 
region were less influential. The young-of-year (YOY) age class was less affected by the removal of LW 
than the juvenile class. This suggests that short-term increases in primary and secondary productivity 
were likely present in the logged streams during the summer months (and advantageous to the YOY age 
class), but these may have subsequently been outweighed by a loss of critical over-wintering habitat 
which resulted in increased juvenile mortality. Of the surveyed species, Oncorhynchus mykiss appeared to 
be most resilient to streamside logging practices. Streams may be able to sustain salmonid populations 
(and even exceed pre-harvest levels) despite post-logging reductions in habitat as long as a rigorous 
removal of LW is not undertaken. However, longer-term (> 100 years) studies are needed given that not 
enough time may have elapsed in the surveyed streams for the full post-logging effects to be felt. Lastly, 
we showed how the predictive cooling model can be used to recommend appropriate riparian harvesting 
levels given knowledge of which fish species inhabit the streams of interest. 
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