
Executive summary 
Project Number: Y081216 
Project title: Long-term stream habitat and rainbow trout responses to alternative riparian management in 
north-central British Columbia. 
Start date and length of project:  April 01, 2007 - March 31, 2008 
Project purpose and management implications: Although most fish-forestry research has been 
conducted in coastal areas, the bulk of the world’s timber supply for the immediate future will be from 
interior forests. Studies documenting the impacts of forest practices on small streams in these regions are 
rare, and this proposal seeks to address this gap in our knowledge. Our research nearly doubles the time 
frame over which previous post-logging observations have been made on a set of experimentally logged 
interior streams. This is extremely important as many post-logging effects to streams are not evident until 
10+ years. Specifically, during the course of our previous research activities 3 small, lake-headed S3 
streams were monitored prior to (1997) and following (1998-1999, 2004) streamside logging (total post-
logging observations of 6 years). The logging treatments applied to the streams were novel, allowing for 
the removal of all commercial timber within the riparian reserve zones while retaining non-commercial 
coniferous trees and deciduous vegetation. Such a prescription violated the Forest Practices Code of the 
day, but under the present Forest Practices and Range Act it would be allowed and is presently being 
used. Also, they mimic riparian salvage logging now being undertaken due to mountain pine beetle 
(MPB) infestations, and our research provides the only longer-term assessment of fish/habitat from such 
logging practices in north-central BC.  
 
Our prior research results provided much-needed information on stream ecosystem responses to logging 
practices in interior regions, but they only provided a relatively short-term (1-6 years) post-logging 
perspective. Although many habitat and fish measures were not affected in the short-term, theoretical 
models indicate that we might expect to find significant changes 10+ years post-logging. As part of our 
current research activities, in 2007 we re-visited the same 3 lake-headed streams monitored in our 
previous studies in order to assess longer-term (10 years) responses to the logging treatments. Case study 
field experiments (i.e., those which incorporate before and after assessments) which examine the effects 
of streamside harvesting on small stream ecosystems are rare in coastal regions, but they are virtually 
non-existent in temperate interior regions and none focus on lake-headed streams (which are abundant in 
boreal and sub-boreal landscapes). Our previous results underscored the natural variability inherent in 
small stream ecosystems, and highlighted the need for multi-disciplinary and long-term research to better 
understand the impacts of streamside clear-cut logging. Our project successfully establishes the first long-
term, before and after logging, fish-forestry case study (> 10 years, the equivalent to 3 full generations of 
rainbow trout) in temperate, interior regions in BC, and will complement a similar long-term, multi-
stream experiment being carried out in small coastal streams by our collaborators in the UBC Malcolm 
Knapp Research Forest as well as those participating in the Prince George Small Stream Riparian Buffers 
Project in the central interior of BC. Our research is therefore aimed at assessing longer-term responses to 
streamside logging through comparisons with our prior, shorter-term results. The following questions 
were addressed:  
 
1) Have summer stream temperatures and canopy cover levels recovered or exceeded pre-logging 
conditions? Can we predict recovery rates based on our prior and proposed data? 
 
2) Changes in type of stream shading post-logging is important. A deciduous canopy, while contributing 
shade, may not contribute to stream thermal recovery to the same degree as a coniferous one. Stream 
temperature and canopy cover data collected as part of this proposal would be used to test the 
applicability of the Mellina et al. (2002) predictive model to such post-logging conditions, and to fine-
tune the model if necessary. 
 



3) Are rainbow trout densities, biomass, distribution and condition now affected by logging as theoretical 
models suggest? 
 
4) Have stream habitat features begun to deteriorate as models suggest?  
 
5) Are inter-annual changes in habitat and fish responses related more to inter-annual environmental 
fluctuations and to the natural differences inherent among the streams, as our short-term data indicate, 
than a response to logging? 
 
6) Are longer-term post-logging habitat and trout responses less severe in lake-headed streams than 
headwater streams as our shorter term data indicated? We will use data collected by our research partners 
(MoF, DFO, and UBC) in headwater streams in coastal and interior regions of BC with which to make 
comparisons. 
 
This research is not only relevant to the eligible, high-priority research topics identified by FIA-FSP for 
2007/08, but also addresses several longer-term goals identified in the Research Strategy for 2006-2016, 
under both the Sustainability and MPB Programs. For example, within the theme of Riparian Ecology and 
Stream Management, our research not only addresses the sensitivity of small stream ecosystems to 
alternative riparian management strategies (priority a), but will also provide scientific data related to the 
consequences of MPB salvage and management on riparian character and function of small streams and 
other aquatic habitats (priority c). Within the Watershed Function theme (a MPB focus for 2007/08), our 
research will help evaluate the physical, biological and cumulative effects of forest management on 
channel morphology and aquatic habitat. Our results will provide the necessary scientific information 
required to support policy and guideline development, as well as enhancing the ecological basis for 
sustainable forestry practices and the quality of management decision-making through an improved 
knowledge base. Our research also advances forest science knowledge (sorely needed for interior regions) 
through practical adaptive management approaches. 
 
Methodology overview: The experimental design consisted of monitoring 3 lake-headed S3 streams 
located within the SBS biogeoclimatic zone of north-central BC. They are small (<2 m bankfull width) 
and low gradient, and contain rainbow trout as the most common and abundant fish species. The streams 
were previously monitored during 1997-1999 & 2004, with 2 of the streams logged in early 1998 and the 
3rd stream remaining forested to serve as an independent control. The harvesting prescriptions allowed 
for the removal of all commercial timber within the riparian reserve zones while retaining non-
commercial coniferous trees & deciduous vegetation (to provide shade and future supplies of large wood). 
Pre-logging monitoring took place in 1997, whereas short-term data were collected in 1998 – 1999, 
medium-term data in 2004, and longer-term data in 2007.  

The methodology overview is divided into the six questions we addressed: 

1) Have summer stream temperatures & canopy cover levels recovered to pre-logging conditions, and can 
we predict recovery rates based on our combined dataset? This was assessed using established statistical 
techniques and stream temperature & canopy cover monitoring protocols (e.g., see Mellina et al. 2002). 
Automated temperature loggers were installed in each stream at an upstream and a downstream boundary 
to record hourly stream temperatures, with the upstream sites being unaffected by logging and serving as 
additional controls to account for interannual weather-related variations in temperature. Estimates of the 
amount of summertime stream shading provided by the riparian vegetation were obtained with a hand 
held densiometer. Comparisons with pre- and post-logging data collected from 1997-1999 and 2004 
allowed us to determine whether stream temperatures and canopy cover have returned to pre-harvest 
levels. Stream discharge and turbidity data were also collected during the summertime low flow period in 
order to compare these with our pre-harvest & short/medium-term post-harvest data.  



2) Qualitative changes in stream shading following logging are often overlooked. For example, there is 
often a rapid re-growth of dense deciduous vegetation within riparian zones shortly after logging has 
occurred. Both types of shading block solar radiation, but they could have different effects in terms of 
other energy exchanges. A deciduous post-logging canopy, while contributing shade, may not contribute 
to stream thermal recovery to the same degree as a pre-logging coniferous canopy. Stream temperature & 
canopy cover data collected as part of this proposal (using the above protocols) were used to assess if the 
streamside deciduous re-growth that has taken place 10 years after logging has resulted in shading levels 
that are comparable to those observed under the pre-harvest coniferous canopy, and if so, whether stream 
temperatures have returned to pre-harvest levels.  
 
3) Have stream habitat features (e.g., the quality & quantity of pools) begun to deteriorate 10 years after 
the application of our novel logging treatments, as theoretical models suggest should occur? Pools have 
the advantage of being biologically important to trout (as areas for feeding, rearing, and refuge) and can 
be measured independently of stage. This was assessed using established stream habitat measurement 
protocols wherein the number and dimensions (length, width and depth) of all pools within the study 
boundaries were measured. These data were then compared to those collected during previous years. 
 
4) Have stream-resident rainbow trout densities, standing crop biomass, distribution, and condition 
changed 10 years after the application of our novel logging treatments? This question was addressed 
through stream-wide electroshocking surveys conducted within the study boundaries of all three streams 
during summertime low flows, and compared with data previously collected during 1997-1999 & 2004. 
Trout captured during these surveys were measured and weighed, fin-clipped, and returned to the habitats 
in which they were captured. Differences in trout condition among our study streams were assessed using 
analysis of covariance. We also used fish condition as surrogates for growth, and compared these with our 
previous data. Lastly, in-stream trout distribution patterns were examined through habitat - 
density/biomass relationships & compared with our previous results.  
 
5) Are inter-annual changes in habitat and fish responses related more to environmental fluctuations & to 
the natural differences inherent among the streams than a response to logging? This was assessed by 
comparing the magnitude of the temporal changes in response variables in the treatment (logged) streams 
with those of the control stream.  
 
6) Do stream habitat and trout responses to logging differ between lake-headed and headwater streams? 
This was assessed by comparing our results with those from other on-going, similar projects being carried 
out in various parts of BC by our collaborators. For example, DFO and the BC Ministry of Forests are 
examining the impacts of streamside harvesting practices on headwater streams in north-central BC, 
which will provide an excellent comparison between lake-headed and headwater streams in a 
geographically similar area. We are also able to assess whether the effects of streamside logging differ 
between interior and coastal regions by comparing our results with those being generated by on-going 
fish-forestry research being conducted in coastal headwater streams within the UBC Malcolm-Knapp 
research forest.  
 
Project scope and regional applicability: The results of our project are applicable to small, lake-headed 
streams and their salmonid populations in north-central BC.  
 
Preliminary conclusions: The lake-headed streams were naturally warmer than neighboring headwater 
streams, and despite reductions of ~ 50% in canopy cover following logging summertime stream 
temperature increases were relatively modest in the short-term (averaging < 1.5 °C with respect to daily 
mean, maximum, minimum, fluctuations, and downstream cooling). However, the greatest increases in 
temperature (averaging 2 – 5 °C)  were observed in our two treatment streams 6-10 years after logging 
operations were undertaken and when canopies had recovered to ~ 75-99% of pre-logging levels. This 



phenomenon may be related to the warm summers which occurred in 2004 and 2007, as well as to the 
quality of the riparian cover (which shifted from a primarily tall, coniferous canopy prior to logging to a 
thick, low deciduous undergrowth by 2007). Post-logging summer suspended sediment levels remained 
low (< 1 NTU), and average summer dissolved oxygen (DO) concentrations in all three streams remained 
above 8 mg•L-1 (the level required for salmonids to function without impairment) from 1997 to 2004. The 
highest DO levels coincided with the warmest stream temperatures, and may reflect the influence of 
primary productivity occurring in the headwater lakes. Although the number of pools remained relatively 
stable in all three streams, reductions in pool area and volume of approximately the same magnitude were 
observed in both the treatment and control streams in 1999, 2004, and 2007, and were thus not likely a 
result of our logging treatment. The rainbow trout population age structures also remained relatively 
stable during the pre- and post-logging periods, with > 90% of the populations in all three streams 
comprising young-of-the-year (YOY) and age 1 – 2 trout, and the remainder comprising age 3- 4 trout. 
Trout densities and standing crop biomass (whether absolute or adjusted for pool volume) were variable 
across years: both treatment streams generally exhibited increases in the YOY age class from 1999 to 
2007, whereas reductions were observed in the control stream. Furthermore, although reductions in 
juvenile (ages 1 – 4) density and biomass were observed in all three streams during the same period, the 
greatest reductions generally occurred in the two treatment streams. Trout distributions were generally 
aggregated in the treatment streams, whereas dispersal patterns in the control stream included aggregated 
as well as random and uniform distributions. Condition indices for YOY (as a surrogate for growth) were 
generally equal for all three streams in the five years during which monitoring took place, with the 
exception of 1999 when YOY condition was significantly greater in the treatment streams when 
compared to the control stream. We attribute this to an earlier emergence from stream gravels and thermal 
environments that were more conducive to growth. By contrast, juvenile trout condition indices were 
equal in all three streams during 1997, 2004, and 2007, but they were significantly lower in one treatment 
stream in 1998 and in both treatment streams in 1999. This may have been a result of increased crowding 
leading to greater competition for food resources, lower flows affecting invertebrate drift, and 
temperatures approaching the lethal limit for this species, all of which were likely part of naturally 
fluctuating cycles and not due to our logging treatment. Overall, our data suggest that lake-headed 
streams exhibit different temperature and DO responses to streamside clear-cut logging when compared 
to headwater streams. Small, lake-headed streams may consequently be able to support a more aggressive 
level of streamside harvesting involving the removal of most commercial timber within the riparian zone 
while retaining deciduous vegetation and non-commercial as well as some commercial trees. Our results 
further suggest that the short to longer-term (1 – 10 years) effects of streamside logging around our 
treatment streams were associated with increases in YOY (but not juvenile) density and biomass levels. 
However, the similarity in the temporal patterns of our stream habitat and rainbow trout response 
variables between the treatment and control streams suggest that the observed short, medium, and longer-
term post-logging changes may be related more to inter-annual environmental fluctuations and to the 
natural differences inherent among the streams than a response to our logging treatment. Lastly, our 
results underscore the potentially complex interactions among environmental and stream ecosystem 
physical and biological characteristics, as well as their natural variability, and highlight the need for 
multi-disciplinary and long-term research to better understand the impacts of streamside clear-cut 
logging. 
 
Contact information: Dr. Scott Hinch, Dept. Forest Sciences, UBC, 3041-2424 Main Mall, Vancouver, 
BC V6T 1Z4 (shinch@interchange.ubc.ca) 
 
 


