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Temperature is a key water quality parameter to consider in forest management given the important influence of 
harvesting activities. Harvesting riparian vegetation can increase summer water temperature by increasing direct 
solar radiation and convective heating of streams (Poole and Berman 2001). Such potential changes in thermal 
regimes are fundamentally linked to physiological and behavioural responses of individual fish; growth, 
survival, and distribution of fish populations; and species interactions within fish communities (e.g., Beschta et 
al. 1987; Richter and Kolmes 2005). For instance, elevated fall-winter water temperatures can reduce egg 
survival rates or shift emergence timing. Seasonal temperatures affect juvenile growth rates, macroinvertebrate 
production, dissolved oxygen content, and disease transmission rates. Maximum temperatures can also be 
physiologically lethal. Timing of salmon migration has been linked to in-river water temperatures causing adults 
to avoid conditions that are bioenergetically demanding or favourable for diseases. Elevated water temperatures 
can increase rates of holding, delay spawning, or block access to suitable habitats. Temperature is also a key 
factor limiting the distribution of a variety of species (e.g., Dunham et al. 2001). This observation is particularly 
true in British Columbia (B.C.) which spans large ranges in latitude and elevation. Less extreme temperatures 
can have dramatic effects on aquatic communities due to intra- and inter-specific interactions. For most species, 
there is an optimum temperature where growth and survival are at a maximum. Such conditions minimize intra-
specific competition and lead to maximum densities. Optimal temperatures differ among species, however, such 
that these same mechanisms may also result in species replacement along a temperature gradient. 
 
Properly managing forestry activities in consideration of their effects on stream temperatures may also be an 
important adaptation strategy in the context of climate change (e.g., Nelitz et al. 2007a). Broad-scale models 
predict significant changes in the thermal suitability of freshwater habitats under scenarios of future climate 
change (Eaton and Scheller 1996; O’Neal 2002). In B.C., these types of impacts on freshwaters will be 
exacerbated by additional alterations in precipitation, snow pack, and streamflows (e.g., Whitfield et al. 2003; 
Leung and Qian 2003; Merritt and Alila 2004; Merritt et al. 2006). 
 
Given this scientific context, section 15 of the B.C. Government Action Regulations (GAR) allows forest 
managers to designate ‘Temperature Sensitive Streams’ (TSS) to protect critical fish-bearing streams from 
stream heating due to forestry activities, primarily riparian harvesting1. A TSS would include S4, S5, or S6 
streams2 that either currently have temperatures high enough to cause negative impacts on down-stream fish 
populations / communities, or historically supported a riparian forest community that regulated stream 
temperatures. These streams would not have mandatory riparian reserves under Forest and Range Practices Act 
(FRPA) regulations. Thus, designation of a stream as temperature sensitive would mean that special riparian 
management practices would be applied to ensure sufficient trees are maintained to minimize changes in stream 
temperatures. Currently, there are no objective methods or decision-support tools to identify and designate 
streams requiring such protection in B.C. Existing approaches to setting management guidelines for water 
temperature in the Pacific Northwest have either established tolerable limits based on known biological 
thresholds of response or “natural background temperatures” that consider variation among streams and years 
(e.g., Oliver and Fidler 2001; US EPA 2003; Poole et al. 2004). 
 
The purpose of this project was to gather the data, apply analytical approaches, and demonstrate a “proof of 
concept” to rigorously and defensibly designate Temperature Sensitive Streams for sustainable forest 
management in the B.C. interior. This effort was a pilot exercise to develop and test an analytical framework that 
could be sufficiently supported by available datasets and eventually be applied across the entire province. This 
project built on previous targeted efforts (Marmorek and Alexander 2003; Nelitz et al. 2007b; Moore 2005), 

                                                 
1 Forest and Range Practices Act – Government Actions Regulation – Temperature Sensitive Streams. Available at: 
http://www.qp.gov.bc.ca/statreg/reg/F/ForRangPrac/582_2004.htm#section15
2 S4 = fish bearing streams (< 1.5m in width); S5 = large non-fish bearing streams (> 3m); S6 = small non-fish bearing 
streams (< 3m) 
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integrating models describing regional fish distribution (Porter 2004; Porter and Frid 2004; Porter and Nelitz 
2006), water temperature patterns (Moore 2006, Stahl and Moore 2006), and responses to forest harvesting 
(Moore et al 2005a; 2005b) to ensure the approach used best available data and most defensible methods. 
 
This project extended from June 23, 2006 to March 31, 2008, and was funded, in part, through the Forest 
Science Program (project numbers Y07-1057 and Y08-2057). The British Columbia Ministry of Environment 
also provided substantial financial support and relied on data collected by many other individuals and agencies. 
 
The project team defined a Temperature Sensitive Stream as an area for which there is a high probability that 
riparian harvesting would increase summer stream temperature (as measured by the maximum weekly average 
temperature, MWAT) beyond an undesirable fish community threshold. In other words, Temperature Sensitive 
Streams would be those where changes in temperature would very likely result in changes in the expected fish 
community. Three pieces of information and analytical approaches helped identify such streams: 
 
(1) Baseline stream temperatures according to model predictions of stream temperature in third order streams 

using empirical relationships with landscape and climatic influences (e.g., elevation, latitude, air 
temperature, presence of icefields, lake influence, etc.). We used a multiple linear regression model to 
predict baseline stream temperatures using catchment and climate variables as predictors. 

(2) Change in stream temperatures due to riparian harvesting as quantified by models representing how 
localized heating influences due to riparian harvesting propagate to downstream fish-bearing reaches. We 
used expert opinions, field data, and thermal mixing relationships to estimate the magnitude of heating at a 
downstream point of interest due to riparian harvesting on headwater streams. 

(3) Ecological thresholds in stream temperature based on observed thresholds marking distinctions among 
cold, cool, and warm water fish communities. We used field data measuring fish community structure and 
thermal environments to identify thresholds delineating shifts between cold-cool water and cool-warm water 
fish communities. 

 
We combined these three pieces of information to develop a probabilistic framework for defining Temperature 
Sensitive Streams recognizing that baseline stream temperatures and thermal disturbances will vary across years 
and watersheds according to some quantifiable patterns. This approach was applied for all Watershed Atlas 
polygons within the Thompson River basin (917 units). 
 
This project was a success in that the predictions were reasonable, the methods innovative, and framework 
suitable to the Ministry of Environment’s needs for designating Temperature Sensitive Streams. Although the 
methods are sound, additional improvements remain. Thus, the preliminary list of Temperature Sensitive 
Streams was not deemed appropriate for designation purposes at this time. Many insights have been gained, 
however, that will be valuable when navigating next stages of work and moving towards full implementation for 
MOE's policy needs. In no order of priority, report recommendations for moving forward in this effort included: 
 

 Collecting additional data and validating models; 
 Improving upon existing models; 
 Applying the “proof of concept” to other regions; 
 Revising analyses / models for other resource management applications; 
 Integrating information systems with existing provincial data systems; and 
 Moving towards policy implementation. 

 
Please contact Marc Nelitz if you have questions or are interested in more information about this project. 
 
ESSA Technologies Ltd. 
Suite 300 - 1765 West 8th Avenue 
Vancouver, B.C., Canada  V6J 5C6 
604.677.9554 
mnelitz@essa.com
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