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Abstract
In 1999, the Prince George Forest District implemented a local policy to address resource
agencies’ concerns regarding riparian harvesting near S4 streams (<1.5 m bfw and classified as
fish-bearing).  The S4 policy focused on maintaining 50 – 75% of natural stream shading,
adequate short and long term supplies of large woody debris, stream bank root structure, and
preventing mineral and organic fines from reaching the stream channel.

The policy was implemented using an “adaptive management” approach.  Adaptive management
is an “approach for learning from our actions, improving management and accommodating
change.”  The approach will follow each step of the policy, and allow for objectives and actions
to be adjusted to reflect new information and to achieve desired outcomes.

In May of 2001, a co-operative field project was initiated to determine if the policy was
maintaining the necessary ecological attributes for healthy fish habitat.  The project was designed
to quantify the temporal, geographic and among stream natural variations in late summer/fall
temperatures, detailed channel morphometrics and substrate descriptions, erosion sources,
litterfall, shade, benthic invertebrates, periphyton biomass, water chemistry, nutrients, woody
debris and the downstream export of organic material and invertebrate drift.

The 2001 field season involved identifying eight S4 streams in three geographically distinct
forest types for baseline data collection.  Each forest type contained two to four streams with
riparian areas scheduled for harvesting over the next two years.  Stream reaches of fifty metres in
length were monitored within proposed cutblocks (treatment reaches) and outside of any
proposed harvesting (control reach).  Each proposed harvesting unit had at least one study reach
and a paired control either upstream, or in a nearby adjacent stream, consistent with the Before-
After-Control-Impact-Paired (BACI-P) study design.

Detailed monitoring began in 2002.  The field season allowed for the first full pre-harvest
sampling period from spring melt to freeze – up.  This phase of the project was designed to
identify specific knowledge gaps in the management of small fish-bearing and headwater
streams.

Harvesting of the cutblocks began in 2003.  Harvesting was completed at the Bowron site in
December 2002, at the Chuchinka site in July 2004 and at one of the Tagai site’s in March 2004
and the other in July 2004.  Post harvest data collection for the Bowron block began in May of
2003, August 2003 for the Chuchinka, and April 2004 and September 2004 for the Tagai sites.

Keywords
Riparian management, riparian areas, small fish-bearing streams, headwater streams, S4, Prince
George Forest District, cutblocks,  stream shading, water temperature, woody debris, stream
channel morphometrics, channel substrate, mineral fines, organic fines, adaptive management,
benthic invertebrates, periphyton biomass, water chemistry, nutrients, invertebrate drift, stream
reaches, before-after-control-impact - paired (BACI-P), FRBC.
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Introduction
In June of 1999, the District Manager (DM) of the Prince George Forest District presented a
policy for managing the riparian areas of small fish-bearing streams.  The policy was established
because of concerns expressed by resource agencies about the level of tree retention in riparian
areas of S4 streams and their need to adequately manage and conserve watershed resources.  The
policy was implemented with the intent of using an adaptive management approach.

The purpose of the policy was to communicate the guiding principles that the DM will use to
structure his thought processes when making a statutory decision regarding the approval of a
cutting permit.  They are:

#1: Maintain 50 to 70% of the natural levels of shading and light intensity reaching the stream
surface and forest floor.  Shading is assessed using the concept of angular canopy density.

#2: Maintain an adequate long and short-term supply of large woody debris (LWD) in the
stream channel

#3: Maintain natural root structure adjacent to streams with particular emphasis on minimizing
soil disturbance within 5 metres of the stream channel.

#4: Do not overload the stream with an excessive supply of fine organic debris (FOD).
#5: Concentrate retention (both patch and single tree) in the most critical portion of the riparian

management zone (RMZ), that is the 10-15 metres closest to the stream.

In the fall of 2001, the BC Ministry of Forests decided to initiate a scientifically rigorous project
to measure and quantify the effects of the policy on fish habitat and therefore complete the
adaptive management process.  The BC Ministry of Forests defines adaptive management as a
formal process entailing problem assessment, study design, implementation, monitoring,
evaluation and feedback.  Pre-harvest data collection commenced during the summer of 2002.

Study area site selection and pre-harvest data collection began during the spring of 2001.
Harvesting was completed at the Bowron sites in December 2002, and at the Chuchinka site in
July 2003.  One of the two Tagai treatment sites was harvested in March 2004.  Post harvest data
collection at the Bowron site began during the spring of 2003, and during late summer of the
same year for the Chuchinka site.

The main objective of the study is:
To scientifically evaluate the effectiveness of the “DM Policy” in maintaining the necessary
ecological attributes for healthy fish habitat in small streams.

Secondary objectives include:
1) Evaluate the effect of riparian harvesting on natural disturbance regimes (i.e. blowdown) on

the ecology of small streams.
2) Evaluate the effectiveness of the DM Policy as a partial-cut silviculture alternative for the

management of riparian areas adjacent to small streams.
3) Better understand the dominant watershed process controlling the ecology of small streams

and how these processes can be managed so that they are sustainable.
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This report identifies project activities, data collection and extension activities that occurred
during the 2003/04 field season.

Methods
The project is based on a “Before-after-control-impact paired (BACI-P)” design as described by
Schwarz (1998).  This type of design has at least two types of sampling (before and after impact)
in areas (treatment and a control) with biological and environmental variables being measured in
all combinations of time and space.  The BACI-P design pairs the surveys at several selected
time points before and after the impact.  The evidence of an impact is found by comparing the
before and after samples for the control site with the before and after samples for the treatment
sites.  This contrast is known as the area by time interaction.  This design allows for both natural
stream-to-stream variation and coincidental time effects.  A complete discussion of this
approach, including the advantages and pitfalls is provided in Schwarz (1998) and Smith et al.
(1993).  Note, that the BACI-P design and its extensions are one of the best models for impact
assessment.  The design can show that observed differences in ecological variables between the
control and impact sites are neither artifacts of sampling nor due to temporal trends unrelated to
the impact.  The need to complete extensive pre-harvest surveys is a fundamental requirement of
the BACI-P design.

The study was initiated in the fall of 2001 by locating a set of small streams that were not yet
harvested, yet scheduled for harvest in the next one to three years.  The candidate streams had to
comply with the following requirements:
1) located in the Prince George Forest District,
2) not yet harvested,
3) scheduled for harvest using the DM Policy within the next one to three years,
4) less than 1.5 m in width and classified as an S4 stream,
5) stream gradient less than 12%,
6) reasonable access, and;
7) a reach located above the cutblock that will be unlogged and remain as the experimental

control.

Eight streams in three geographically distinct forest types (Tagai Lake, Chuchinka River and
Bowron River) that met the criteria were located (Figure 1).  Note that criterion #7 was not met
for all streams.  However, we believe that there are enough control sites to meet the requirements
of the BACI-P design.  The need to complete extensive pre-harvest surveys is a fundamental
requirement of the BACI-P design.  Table 1 identifies the proposed harvesting sites that were
selected and sampled in the fall of 2001.  Note, that the Dunkley and The Pas cutblocks were
harvested in 2001 and were monitored for comparative and trial run purposes.
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Figure 1: Study site location map.
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Table 1 : Physical characteristics and forest harvesting dates for the study streams. Note,
control plots in each geographical area are identified.

Licensee Opening # Stream
Width

(m)

Stream
Gradient

(%)

Control
Available

Harvest
year

BEC

TSBC A46127-4 1 4 Yes 2002 SBSvk
TSBC A71895 1.1 5 No 2004 SBSdw2
TSBC A71896 0.8 3 Yes 2004 SBSdw2
Canfor Chu-228 0.9 1 No 2003 SBSwk1
Note:  TSBC A46127-4 is commonly referred to as the Bowron site, whereas TSBC A71895 and
A71896 are commonly referred to as Tagai 12 and 13 respectively.

Permanent sampling plots have been established on all streams identified in Table 1.  The plots
are 50 m in length and 25 m wide, with the stream channel flowing down the middle of the plot.
Where possible, two plots have been established for each of the sampled streams generally about
50 m apart.  Where a control section of the stream was available, an additional plot was
established to serve as the long term “control pair”.  The following variables will be measured at
all study streams:

Ministry of Forests
- Continuous stream and air temperatures using small temperature loggers.
- Also responsible for project management.

Pierre Beaudry and Associates
- Detailed LWD survey (including size, functionality, span, decay class etc).
- Detailed sediment source survey (including type, size, production rates).
- Detailed pool/riffle/substrate descriptions and measurements.
- Measurements and descriptions of canopy cover and angular canopy density (ACD).
- Detailed channel descriptions and measurements (e.g. width, depth, gradient, D90,

morphology).
- Inventory of all trees taller than breast height located within 10 meters on either side.

Department of Fisheries and Oceans
- Measurements of autochthonous (periphyton) and allochthonous (litterfall) inputs to the

stream
- Measurements of invertebrate species, abundance and diversity (Serber sampling).
- Production and downstream export of nutrients, organic matter (dissolved and particulate),

and invertebrate drift
- Fish surveys

The project team prior developed survey methodologies and data collection forms prior to the
2001 sampling season.  A complete description of the sampling methodology, the location of
each sampling site and a summary of the data collected in the fall of 2001 has been prepared and
is available from P. Beaudry and Associates.
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The analysis of the data is based on comparing the change in the mean (or maximum in the case
of water temperature) values, for each of the variables, from the two sampling occasions (i.e. pre
and post harvest) between the control and treated sites.  If the time trends, when plotted on a time
series graph, are parallel then no treatment impact can be inferred.  If the trends between the
control and impacts sites diverge, then the inference is that the treatment has had an impact.  The
analytical procedure for this type of experimental design is fully explained in Schwarz (1998).

Project Results
The results of the 2004/05 field season are presented by the major researcher or resource agency.
The three primary research agencies are:
• BC Ministry of Forests;
• Pierre Beaudry and Associates Ltd; and,
• Department of Fisheries and Oceans.

The BC Ministry of Forest was responsible for monitoring air and water temperatures at the
study sites.  The 2004/05 water temperature data analysis involved comparing the post harvest
treatment data to the pre harvest treatment data.  In 2002, Mellina et al. developed a temperature
model to predicted water temperature change in S4 streams resulting from forest canopy
removal.  As the model was developed for the Stuart-Takla area, it was decided to test its
applicability for the Prince George area.  The two areas are both located in the BC central
interior and in the SBS biogeoclimatic subzone.  Dr. Mellina was contracted to analyze the water
temperature data and determine the magnitude of the downstream temperature change resulting
from forest harvesting.  His report follows in the Results section of this year end report.

Harvesting Progress:
All study sites have received their treatment with the Bowron cutblock harvested in December
2002 and January 2003 (Photo 1). The Chuchinka cutblock was harvested in July of 2003 (Photo
2), the Tagai 13 site was harvested in March 2004(Photo 3), and the Tagai 12 site was harvested
in July and August of 2004 (Photo 4).
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Figure 2 Bowron study block showing the riparian buffer on treatment streams in the center and
far left.

Figure 3 Chuchinka study block showing the riparian buffer on the treatment stream in the center,
October 2003.
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Figure 4 Tagai 13 study block showing the riparian buffer around the treatment stream, October
2004.

Figure 5 Tagai 12 study block showing the riparian buffer around the treatment stream, October
2004.
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Extension Activities during 2004/05

The extension activities completed during the 2004/05 field season include the delivery of two
stream courses, a research workshop, development of a web page for the project, presentation of
project results at the Forest-Land Fish Conference II, and drafting a research extension note for
the stream temperature project component.  All researchers participated in the delivery course
and research workshop presentations.

Small Streams Course and Research Workshop
The streams course participant information provided below is adapted from the Pierre Beaudry
and Associates 2004/05 final report, pages 28 to 29.

“The Riparian Management Course for Small Streams was updated and presented on March 15
and 16, 2005. The course highlights the initials findings of this research project and results from
other small stream projects from the northern interior of British Columbia. Specific topics in the
course are natural stream shading, large woody debris, stream bank protection, the prevention of
mineral and organic fines from reaching the stream channel, maintenance of channel
morphometrics, aquatic nutrient regimes, benthic invertebrates, periphyton biomass, harvesting
and silviculture options. The course registration, room, and catering was organized by UNBC
Continuing Studies. The course was filled within days of the course announcement so a second
course was added. The course announcement, list of participants and the evaluation form are
provided in Appendix 4. Around 60 people attended the courses and 44 participants responded to
the evaluation forms. A summary of the course results portion of the evaluation form is provided
in Table 12.

Table 12: Small stream course evaluation form responses.

Question on Course Results Strongly
Agree

Agree Neutral Disagree Strongly
Disagree

The course increased my knowledge of
small headwater stream functions in the
central interior of BC.

7 32 5

The course increased my knowledge of
the effects of forest practices on small
headwater streams.

5 27 12

The course increased my awareness of the
small stream research project results.

8 36

I will be able to use what I learned in this
course to identify risks to headwater
stream functions.

4 31 8 1

I will communicate the results of this
course to co-workers.

7 28 8 1

I will recommend this course to others. 4 34 5 1

Over 80% of the respondents agreed or strongly agreed that the course increased their knowledge
of small headwater stream functions in the central interior of BC and the effects of forest



12

practices on small headwater streams. Considering that a large portion of the audience included
practitioners in this field this is very positive feedback. Several comments indicated that the
integration of the fish, forestry, hydrology and aquatic biology was very useful. Eighty percent of
the respondents agree that they could use the knowledge from this course to identify risks to
headwater stream functions.  Eighty percent of the evaluation respondents plan to communicate
the information from this course to co-workers and 86 % will recommend this course to co-
workers. A significant portion of the participants found it very useful to learn about the Prince
George District Manager Policy. The participants had not heard of the work developing and
testing this policy as a best management practice for small streams. Suggestions for additional
material included more information on best management practices, the impact of mountain pine
beetle on small streams, and information on similar projects in the future.

A research workshop was held on March 17, 2005 to present the current research results, receive
input from the project partners, and identify direction for the next year of the project. The
workshop agenda and attendees are provided in Appendix 4.  To enhance discussion there were
question periods following each presentation and roundtable discussions following the final
presentation in subject areas of project background and study design, physical processes, and
biological processes.  Many of the attendees requested copies of the presentations. At the end of
the workshop broader questions about the research were discussed including the following
points.
• Applicability of information to other areas;
• Lack of distribution of the Prince George District Manager policy to practising foresters in

other Forest Districts;
• How do these results transfer to mountain pine beetle areas where high levels of cut are

planned;
• Plans for longer term sampling of sites;
• What is the next step in the adaptive management context;
• How do you place this research into the broader watershed perspective;

These broad questions reflected the interest in expanding the research to more areas and
wider issues.

Conference Presentations and Posters
The initial modeling results of decay rates of large woody debris in small streams was presented
by PBA at the Forest Land-Fish Conference II in Edmonton Alberta.  During this same
conference MoF presented results of the stream temperature-monitoring program in poster form

Over 230 delegates attended this conference many from Alberta and BC. The conference
proceedings were published for conference delegates and are available on the Trout Unlimited
webpage http://www.tucanada.org/forestlandfish2/cfp.htm. A copy of the PBA abstract is
provide in Appendix 4 of their report and a copy of the MOF abstract is provided in Appendix 1
of this report.

Citation:
Beaudry, L. 2004. Large woody debris replacement in small headwater streams
in central British Columbia. In: Scrimgeour, G., G. Eisler, B. McCulloch, and U. Silins
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(Eds). Forest Land - Fish II Conference: Ecosystem stewardship through collaboration.
Proceedings of the 2004 Conference, April 2004, Edmonton, Alta.  pp. 13-15.

Maloney, D., E. Mellina, and L. Chamberlist. 2004. Headwater stream temperatures responses to
clearcut logging in North Central British Columbia. In: Scrimgeour, G., G. Eisler, B. McCulloch,
and U. Silins (Eds). Forest Land - Fish II Conference: Ecosystem stewardship through
collaboration. Proceedings of the 2004 Conference, April 2004, Edmonton, Alta. pp. 179-180

Leisbet Beaudry presented the initial modelling results of decay rates of large woody
debris in small streams while Dave Maloney, Eric Mellina, and Leslie Chamberlist submitted a
poster presented at the Forest Land-Fish Conference II in Edmonton, Alberta,
April 26-28, 2004.

Ministry of Forests Research Extension Note
A research extension note describing the stream temperature program and modeling results to
date is in review and has been provided in Appendix 1.

Web Page Development
As part of the larger fish-forest interaction web page development with different branches of the
Ministry of Forests a web page has been created outlining fish-forest interaction research
program in British Columbia.  The web page includes descriptions of the Carnation Creek,
Queen Charlotte Islands, Slim-Tumuch Creek, Stuart-Takla, and the Small streams (PG) project.
The web pages are under final review and will posted on the Ministry of Forests website shortly,
the test web address is http://newportbay.ca/testsites/ffip/ and print versions (header page) of
each supported project webpage are provided in Appendix 2.



14

Appendix 1
Stream Temperature Extension Note and Fish-Forest Conference Abstract
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Extension Note:

Headwater stream temperature responses to clear-cut logging in north central British
Columbia.

Introduction
Water temperature is one of the most important factors regulating physical and biological
processes in small streams, and as a result it is often a key consideration when planning timber
harvesting within riparian zones. Evidence from the literature appears to support the general
conclusion that stream-side timber harvesting, by removing riparian vegetation and increasing
the exposure of a stream and its bed to direct solar radiation, results in increased summer
maximum temperatures as well as increased diurnal fluctuations (Brown 1985).

In 2002, a collaborative research project between the Ministry of Forests, the Department of
Fisheries and Oceans, and Pierre Beaudry & Associates Ltd. was undertaken to determine if the
Prince George District S4 stream management policy maintained the necessary ecological
attributes for healthy fish populations (Prince George District Manager Policy, 1999).  The
project component described herein focused on quantifying the temporal, spatial and among-
stream variations in summertime (June to August) stream temperatures and document changes
resulting from riparian harvesting.  This project is similar to a recent study by Mellina et al.
(2002) which examined the temperature responses of small (S3 and S4) streams to clear-cut
logging in the central interior of B.C. Those authors found that streams headed by small, shallow
lakes were naturally warmer by ~ 6 – 11 °C during the summer when compared to headwater
streams and groundwater sources. Further, they noted that the temperature increases in these
streams following stream-side timber harvesting was relatively modest (averaging < 1.5 °C)
when compared to increases of ~5 – 7 °C reported in the literature for headwater streams
(Mellina et al. 2002). Lastly, Mellina et al. (2002) developed a model (referred to as the cooling
model in this report) to predict average, summertime downstream temperature trends in small
streams using maximum temperatures recorded at an upstream boundary and the amount of
shading provided by the riparian canopy as predictors. Because canopy cover is one of the
predictors and is a variable that is expected to change following logging, the model has the
potential to allow fisheries and forestry managers to predict downstream temperature responses
to streamside timber harvesting in small, headwater and lake-headed streams.

The goals of this project were to compare temperature patterns among small headwater and lake-
headed streams in north-central B.C., to assess post-logging temperature changes in headwater
streams following clear-cut timber harvesting and compare these changes with those observed in
lake-headed streams, and to test the predictive capability and utility of the cooling model
developed by Mellina et al. (2002).

Methods
During the late spring, summer, and early fall months of 2002, 2003, and 2004 we monitored the
stream temperatures and canopy cover of five small, headwater streams from two sub-drainages
of the Fraser River located within the sub-boreal spruce biogeoclimatic zone of north-central
B.C. (Figure 1). This region is dominated by glaciolacustrine and sandy glaciofluvial soils, with
an average annual precipitation of ~50 cm falling primarily as snow between November and
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March, and rain between April and October. The highest stream discharges occur in spring as a
result of snow melt, and the lowest discharges typically occur during winter and the month of
August.

The five streams comprised four streams from the Bowron sub-drainage system (two controls
and two treatment streams that were to be logged), and one treatment stream from the Chuchinka
sub-drainage system. The streams were small (< 2.5-m bank-full width) and low gradient (< 7%),
with channel morphologies consisting primarily of pool-riffle sequences. No tributaries were
encountered within the stream study sections, which ranged in length from 209-396 m. Pre-
logging monitoring was undertaken from late spring to early fall 2002, with logging around the
two Bowron treatment streams occurring during February 2003 and around the Chuchinka
stream during July 2003. Streamside logging consisted of removing only mature commercial
timber (primarily lodgepole pine (Pinus contorta) and spruce (Picea spp.), with occasional
stands of sub-alpine fir (Abies lasiocarpa)), with the majority of non-commercial timber and
deciduous vegetation (mainly alder (Alnus spp.) and willow (Salix spp.)) being retained to
provide shade and future recruitment of large organic debris. By comparison, the remaining
cutblock areas (ranging from 30 – 49.5 ha) were completely clear-cut (Photo 1).

Hourly stream temperatures were recorded at an upstream (US) and downstream (DS) boundary
of each study reach using automated temperature loggers (Photo 2: range -5 ºC to 35 ºC,
resolution 0.2 ºC, accuracy 0.3 ºC; Vemco Ltd.). The US and DS sites of the treatment streams
were at the uppermost and lowermost edges of the cutblock boundaries, respectively.
Consequently, our assessments of the impacts of timber harvesting on stream temperatures apply
only to the DS sites, as the US sites were unaffected by logging and served as additional controls
to account for interannual weather-related variations in water temperature.  Estimates of the
amount of stream shading provided by the riparian vegetation (reported in terms of percent
canopy cover) were obtained with a hand held densiometer. Densiometer measurements were
taken immediately above the stream surface at the same locations during the month of August for
the pre- and post-logging periods. Using summertime pre-logging data from 2002, relations
between US and DS daily mean, maximum, and minimum temperatures, as well as diurnal
fluctuations (daily maximum – minimum temperatures) were assessed for each stream using
linear regression analysis (Mellina et al. 2002). These pre-logging relations were used as
benchmarks to assess any post-harvesting changes in summertime stream temperatures, with
summer being defined as the period from June 01 to August 31 (the warmest months of the year
in our study region). Post-harvest (2003 and 2004) summertime temperature relations among the
same variables were computed in a similar manner, and for the treatment streams deviations
from the pre-harvest patterns being attributed to the removal of streamside timber. Daily
summertime pre- and post-harvest deviations between observed temperatures and those predicted
by the pre-harvest regression models were plotted as a function of time to allow for the
identification of the period during which the greatest deviations occurred. Maximum temperature
data are presented because they revealed the greatest post-logging changes.

The model developed by Mellina et al. (2002) to predict downstream temperature trends in small
streams has the following form and reported fit statistics:

     Cooling = -9.9 + (0.25•Max TUS ) + (4.0 •Log10Canopy cover)    (R2=0.95, n=14, P<0.001)
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Cooling (°C) is defined as the average summertime difference between US and DS mean daily
temperatures and is positive if a stream cools as it travels downstream and negative it if warms,
max TUS is the average summer maximum temperature recorded at the US site (°C), and canopy
cover is the average amount of shade provided by the riparian vegetation (%). For this study, pre-
and post-harvest summertime temperature and canopy cover data were input into the model to
assess its predictive capability in our headwater streams.

Results and Discussion
In 2002, all five study streams were relatively well shaded, with canopy cover ranging from 62 – 77%
(Figure 2). During that year, the temperature patterns at the DS sites revealed that the streams were all
relatively cold during the summer months, with an average daily maximum temperature of 8.7 °C (range
6.7 – 10.6 °C; Figure 3), and they exhibited relatively small diurnal fluctuations averaging 1.1 °C (range
0.6 – 1.7 °C). The pre-harvest temperature relations between US and DS sites for all five streams had
coefficients of determination (R2 values) ranging from 0.34 to 0.99. The highest R2 values were generally
observed in the relations between US and DS daily mean, maximum, and minimum temperatures (range
0.76 – 0.99), whereas the lowest values were seen in the relations between US and DS daily fluctuations
(range 0.34 – 0.85). The temperature patterns exhibited by our study streams were similar to the ones
observed by Mellina et al. (2002) in their headwater streams, which also had relatively cold summer
temperatures and small diurnal fluctuations. By comparison, summertime temperatures in the lake-headed
streams monitored by Mellina et al. (2002) were considerably warmer (with an average daily maximum
temperature of 15.3 °C) and exhibited greater diurnal fluctuations (averaging 3.9 °C).  This suggests that
our study streams are representative of small headwater streams in the central interior of B.C. and are
therefore suitable for making generalizations about stream temperature responses to streamside timber
harvesting practices and for testing the predictive capability of the cooling model developed by Mellina et
al. (2002).

During the first post-logging summer (2003), canopy cover was reduced by 39 - 49% around the three
treatment streams (Bowron T2 and T3, and Chuchinka T1) as a result of our logging treatments (Figure
2). However, these reductions in cover resulted in only relatively small changes in summertime DS daily
mean, maximum, and minimum temperatures, as well as in daily DS fluctuations (Figure 3). The post-
logging changes are best viewed by examining the deviations from the linear regressions constructed
using the 2002 pre-harvest data. For example, DS summertime daily mean temperatures changed by an
average of 0.3 – 0.7 °C, daily maximum temperatures by 1.2 – 1.4 °C, daily minimum temperatures by
–0.3 to 0.3 °C, and daily fluctuations by 0.8 – 1.0 °C (Figure 4). In 2003, the greatest deviations from the
pre-harvest regressions tended to occur from mid-to-late July until mid-August, a time that also coincided
with the warmest period of the summer (Figures 3 and 4).

The magnitude of our observed post-logging temperature changes were comparable to the ones reported
by Mellina et al. (2002) and these relatively modest changes may be related to the streamside timber
harvesting treatments applied in each study.  For example, our logging prescriptions reduced canopy
cover by < 50% in 2003, and this level of timber harvesting likely contributed to the relatively small
temperature changes we observed. By comparison, previous studies from the literature have tended to
focus on streams whose banks were completely clear-cut, and whose post-logging temperature increases
were therefore higher (e.g., see Beschta et al. 1987).  Lastly, in 2003 stream temperature patterns
remained relatively consistent in the two Bowron control streams when compared to 2002 (Figure 3), with
deviations from all pre-harvest regressions remaining low and ranging from –0.5 to 0.7 °C for the daily
maximum temperature relations (Figure 4).
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During the second post-logging summer (2004), canopy cover over treatment streams Bowron T2 and T3
remained stable when compared to 2003 levels (with reductions of 46% and 47%, respectively, relative to
2002), whereas levels over Chuchinka T1 decreased to 20% (corresponding to a reduction of 66% relative
to 2002; Fig. 2). These continued canopy reductions coincided with monthly summer average air
temperatures that were  approximately 2°C warmer in 2004 when compared to 2002 and 2003
(Environment Canada, Monthly Meteorological Summaries, Prince George Airport, Prince George, B.C.).
This combination of warmer air temperatures and continued reductions in streamside canopy over our
treatment streams contributed to the greater post-logging temperature changes observed during 2004.  For
example, DS summertime daily mean temperatures increased by an average of 0.8 – 1.0 °C, daily
maximum temperatures by 1.4 – 2.7 °C, daily minimum temperatures by 0.3 to 0.4 °C, and daily
fluctuations by 1.0 – 1.7 °C (Figs. 3 and 4). The largest post-logging temperature changes were seen in
stream Chuchinka T1, where increases as high as 4.6 °C were observed in 2004 relative to 2002 (Figure
4).

The cooling model developed by Mellina et al. (2002) was effective at predicting the average daily
summertime downstream cooling (for streams Bowron T1 and Chuchinka T1) and warming (for the
remaining three streams) in 2002.  There was an average absolute deviation from the line of
correspondence of 0.31 °C (range 0.03 – 0.67 °C; Figure 5).  The model also remained relatively accurate
when using data from 2003 (mean absolute deviation of 0.34 °C, range 0.003 – 0.72 °C) and 2004 (mean
absolute deviation of 0.7 °C, range 0.1 – 1.4 °C).

Conclusions and fisheries implications
The temperatures in our five study streams were all relatively cold during the pre-harvest phase, and they
were deemed to be representative of the patterns generally found in previously studied central interior
headwater streams. The relatively minor post-logging summertime increases in daily mean, maximum,
and minimum temperatures, as well as in daily fluctuations (which all averaged < 3 °C) were likely a
result of the partial clear-cutting that was undertaken within the stream riparian zones and of the re-
growth of low, deciduous vegetation. Because the daily temperature deviations from the pre-harvest
regressions tended to be highest during late July and early August, it is recommended that any
summertime logging be conducted outside of this period to minimize temperature impacts.

The cooling model developed by Mellina et al. (2002) was relatively accurate in its predictions of
downstream temperature trends, suggesting that it may be useful for allowing resource practitioners to
forecast temperature responses to streamside logging using easily measured variables. However, the
model is likely restricted to streams that are similar to the ones monitored by Mellina et al. (2002) with
respect to their physical and hydro-meteorological characteristics, and further rigorous testing is
recommended to determine if the model is applicable to other streams or to other climatic regions.

Increases in stream temperature following logging have generally been considered to be detrimental to
fish development, physiology, behaviour, and activity.  For example, temperatures that exceed thermal
preferences and optima lead to increased metabolic requirements and to decreased food conversion
efficiencies and dissolved oxygen levels in water.  Alternatively, water temperatures that are too cold can
impede growth and development in stream-resident fish.  In northern, temperate latitudes, small streams
may be so well shaded and consequently so cold that fish growth is stunted, even for cold-water adapted
species like trout (Brownlee et al. 1988).  Increasing stream temperatures in these areas may lead to
enhanced primary and secondary productivity, as well as to increased fish activity levels, digestion and
food conversion rates, and these effects are expected to enhance growth as long as temperatures do not
exceed the tolerance limits of the species being considered. Rainbow trout (Oncorhynchus mykiss) were
the only fish captured in our study streams, and the temperatures for optimum growth range from 15.5 to
17.3 °C for this species. The post-logging temperature increases observed in our treatment streams would
therefore likely be beneficial for rainbow trout, as they would bring temperatures closer to the growth
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optimum. Ultimately, however, the thermal requirements of the fish species of interest will determine
whether or not post-logging increases in temperatures will likely be beneficial or detrimental.
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Fig. 1. General location of the study streams monitored during this study.
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Fig. 2. Summertime canopy cover estimates for four of the five streams monitored during this
study. No measurements were available for control stream Bowron T1. Error bars represent
standard errors of the mean.
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Fig 3. Daily maximum temperatures recorded at the downstream (DS) study boundaries of the
five streams monitored during this study from 2002 to 2004. The gap in the data for Bowron T1
during 2003 represents a time when the temperature logger became exposed to air.
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Fig. 4. Summertime downstream (DS) daily maximum (max.) temperature deviations for the five
streams monitored during this study. Vertical axes represent the differences between observed
temperatures and those predicted by the linear regressions generated using upstream and
downstream pre-harvest (2002) data. The horizontal dotted lines represent the line of
correspondence (observed equals predicted values), with positive/negative deviations indicating
that the stream is warmer/cooler than predicted. Summertime data from 2003 for stream
Chuchinka are further separated into pre- and post-harvest periods.
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Fig. 5. Test of the predictive cooling model developed by Mellina et al. (2002) using
summertime (June 01 – Aug. 31) pre- (2002) and post-logging (2003-04) temperature and
canopy cover data from the five streams monitored during this study. The diagonal line
represents the line of correspondence (predicted equals observed), and positive/negative values
for cooling indicate downstream cooling/warming. Data from 2003 for stream Chuchinka are
further divided into pre- (     ) and post- (+) harvest periods.
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Photo 1:Chuchinka treatment stream showing the riparian buffer following harvesting activities,
fall 2003
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Photo 2: Temperature loggers record stream temperature on an hourly basis and are downloaded
bi-weekly during maintenance visits to ensure proper equipment functioning.
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Appendix 2
FFIP Web Site and Project Web Page Examples
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Web Pages: The FFIP website houses webpages for five FFIP projects including the Prince
George Small Stream Project, The Queen Charlotte Islands, Slim-Tumuch, Stuart-Takla, and the
Carnation Creek study.  The Prince George web-page is presented in its entirety and the first two
pages of the remaining sites are provided in this appendix.
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Stream Temperature Report

Eric Mellina, Ph.D., Dept. Forest Sciences, UBC, 3041 – 2424 Main Mall, Vancouver, B.C. V6T  1Z4

Introduction
Water temperature is one of the most important factors regulating physical and biological processes in

small streams (Beschta et al. 1987). 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 stream temperatures (Hicks et al. 1991). Because temperature affects many stream biological

processes, it is often a key consideration when planning timber harvesting within riparian zones, and has

been identified as an important environmental concern not only in British Columbia (Teti 2000) but also

in the Northwestern U.S. (Coutant 1999; Zwieniecki and Newton 1999).

A stream’s temperature is governed by its energy budget (Evans et al. 1998). Direct solar radiation is

often the major source of energy (Brown 1969), but other processes can temper its influence (Adams and

Sullivan 1989; Sinokrot and Stefan 1993; Evans et al. 1998). Processes at the air-water interface include

energy transfers due to evaporation, sensible heat transfer, condensation, and precipitation, while channel-

bed processes include energy exchanges via conduction through the stream bed, advective transfers

through groundwater inputs, and friction. The size and direction (input or output) of the different energy

components will determine whether or not a stream warms or cools as it travels downstream (Sinokrot

and Stefan 1993). In small, forested streams, heat transfers through net radiation, evaporation, convection

and conduction are relatively insignificant, as the adjacent riparian vegetation not only provides shade

from direct sunlight but also limits wind movement immediately above the stream (Brown 1985; Adams

and Sullivan 1989). By contrast, timber harvesting that removes riparian vegetation increases the

exposure of a stream and its bed to direct solar radiation, often resulting in increased maximum

temperatures and diurnal fluctuations (Brown 1985; Brownlee et al. 1988; Hostetler 1991). These

consequences become particularly evident if the increase in radiation overwhelms the energy budget

components that contribute to cooling (e.g., evaporation and the effects of groundwater inputs; Brown

1985). The degree to which stream temperatures respond to clear-cut harvesting also depends on other

factors (such as the discharge and temperature of groundwater inputs, the discharge of the stream, the

composition of the streambed, and the percentage of the drainage area that is logged), with small streams

generally responding more rapidly to energy inputs than large streams (Brown 1969; Brown and Krygier

1970; Evans et al. 1998). During summer months the temperatures of headwater streams generally rise as

they flow downstream, even in fully shaded channels, as relatively cold initial stream temperatures are
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warmed as a result of exposure to warm air and incoming radiation, and because of decreases in the

relative contribution of cold groundwater inputs (Sullivan et al. 1990; Zwieniecki and Newton 1999).

Evidence from the literature appears to support the general conclusion that streamside timber harvesting

results in increased summer maximum temperatures (with increases as large as 15.8 °C being reported by

Brown and Krygier 1970), as well as increased diurnal fluctuations (defined as the daily maximum-

minimum temperatures; see reviews in Anderson 1973, Beschta et al. 1987, and Hicks et al. 1991). In

addition, many of these studies have been conducted in coastal regions, which are characterized by

mountainous topography and maritime climates (high winter storm frequencies and precipitation rates;

Farley 1979). However, much of the future timber supply in the northern hemisphere is expected to come

from boreal and sub-boreal forests in temperate regions (Bryant et al. 1997), where the topography is

dominated by moderate hillslope gradients and by climates that are generally classified as continental

(relatively low storm frequencies and low precipitation; Farley 1979). Unfortunately, relatively few

studies that investigate stream temperature responses to timber harvesting have been conducted in these

regions (for examples see Slaney et al. 1977, Brownlee et al. 1988, Macdonald et al. 1998, Mellina et al.

2002, and Macdonald et al. 2003).

Recently, Mellina et al. (2002) examined the temperature responses of small streams to clear-cut logging

in the central interior of British Columbia (B.C.), a region characterized by temperate geo-climatic

conditions. They found that streams headed by small, shallow lakes underwent only modest changes

(averaging 0.05 – 1.1 °C) with respect to summer daily maximum and minimum temperatures, diurnal

fluctuations, and stream cooling following streamside timber harvesting, compared to increases of ~5 – 7

°C that have been reported in the literature for headwater streams. Furthermore, they found that these

stream types cooled as they flowed downstream, and that they were naturally (i.e., when unharvested) ~ 6

– 11 °C warmer during the summer when compared to headwater streams and groundwater sources. The

observed downstream cooling in their study streams was attributed to a combination of warm initial

temperatures (promoted by the presence of headwater lakes) and cold groundwater inputs, factors that

also likely contributed to the observed modest temperature changes following clear-cut logging.

Mellina et al. (2002) further developed a model to predict downstream temperature trends in small

headwater and lake-headed streams using easily measured predictors. Specifically, their model

(henceforth referred to as the cooling model) predicts the average amount of daily summertime

downstream cooling that can be expected between an upstream (US) and downstream (DS) boundary.

Stream cooling is defined here as the difference between US and DS mean daily temperatures and is
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positive if a stream cools as it travels downstream and negative it if warms. Summertime (defined here as

the period between June 01 – August 31) is generally the period of most interest to fisheries and forestry

managers because the impacts of clear-cut logging on stream temperatures are expected to be greatest

during the summer months, and the period from June-August is typically the hottest time of the year in

north-central B.C. (Macdonald et al. 1998). The cooling model was developed using stream temperature

and physical data from 14 streams located in the central interior of B.C., and requires input from two

predictors (the maximum temperature at the US site and the average amount of shading between study

boundaries). The model has the following form:

Cooling = -9.9 + (0.25•Max TUS) + (4.0•Log10 Canopy cover)  (R2 = 0.95, n = 14, P < 0.001)

Cooling is defined above and has units of °C, max TUS is the average summer maximum temperature

recorded at the US site (°C), and canopy cover is the average amount of shade provided by the riparian

vegetation (%). Both predictor variables were significant at the P < 0.001 level, with average maximum

US temperatures alone accounting for 69% of the variation in stream cooling. Their model was also

relatively accurate at predicting the amount of cooling observed in their study streams, with an average

absolute deviation of 0.3 °C from the line of correspondence.

The model indicates that downstream cooling or warming is highly dependent on the maximum

temperatures recorded at an upstream boundary and on the amount of shading provided by riparian

vegetation. Because canopy cover is one of the predictors and is a variable that is expected to change

following logging, the model has the potential to allow fisheries and forestry managers to predict

downstream temperature responses to streamside timber harvesting in small, headwater and lake-headed

streams. In addition, if the upstream site were to represent the uppermost boundary within a cutblock, it

would be unaffected by logging and would serve as an additional control to assess year-to-year

temperature variations. Mellina et al. (2002) showed how relations between US and DS temperatures can

be used to assess the magnitude of any temperature changes following streamside timber harvesting

without the need for additional, independent control streams. Other studies assessing post-harvesting

temperature changes have tended to use this latter method (e.g., see Macdonald et al. 2003).

Despite the relative accuracy of their model’s predictions, Mellina et al. (2002) caution that their cooling

model likely only applies to streams that fall within the range of temperatures and physical characteristics

encountered in their model development data set. Although the authors provide some measure of

independent spatial and temporal testing of their model, the accuracy of its predictions as it relates to
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streams other than those used in the model’s development, as well as streams in different geo-climatic

regions, remains largely unknown. In this current FIA-funded project, we collected pre- and post-logging

stream temperature and physical data from a set of small streams located in the central interior of B.C.,

and because our streams were similar to those monitored by Mellina et al. (2002), our research program

provides an excellent opportunity to: (a) compare temperature patterns among small headwater and lake-

headed streams in north-central B.C.; (b) assess post-logging temperature changes in headwater streams

following clear-cut timber harvesting, and compare these changes with those observed in lake-headed

streams; (c) independently test the predictive capability of the cooling model; and (d) provide an

opportunity for collaboration with other researchers involved in this field of study.

Materials and methods
Study design

During 2002, 2003, and 2004 we monitored the temperatures of nine small, headwater streams from three

separate sub-drainages of the Fraser River (Bowron, Tagai, and Chuchinka) located within the sub-boreal

spruce biogeoclimatic zone of north-central B.C. (Farley 1979; Fig. 1). This region is dominated by

glaciolacustrine and sandy glaciofluvial soils, with an average annual precipitation of ~ 50 cm falling

primarily as snow between November and March, and rain between April and October (Macdonald et al.

1992). The highest stream discharges occur in spring as a result of snow melt, and the lowest discharges

typically occur during winter and during the month of August (Beschta et al. 1987; Brownlee et al. 1988).

Each sub-drainage basin contained 1 - 2 forested streams (to serve as controls), as well as 1 – 3 treatment

streams around which streamside timber harvesting was conducted. However, all three streams in the

Tagai and our forested (control) stream in the Chuchinka sub-drainage basins went dry in 2003 and 2004

during the summer low flow period, resulting in data from only five streams being available for our

analyses (Table 1). Furthermore, some of the automated temperature monitors used to record

temperatures in streams T1 (control) and T2 (treatment) from the Bowron sub-drainage basin became

exposed to air in 2003 and 2004. Lastly, the treatment stream in the Chuchinka sub-drainage basin

(Chuchinka T1) was logged in late July 2003, resulting in a portion of the summertime data from that year

being collected from a forested (unharvested) state, and a portion from a logged state. Assessments of

post-logging temperature changes for our five study streams, together with tests of the cooling model’s

predictive capability, were therefore restricted to those periods during which data were available (Table

1).
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All study streams were matched as closely as possible with respect to their physical characteristics to

enable comparisons to be made among them. The streams were small (< 2.5 m bank-full width) and low

gradient (< 7%), with channel morphologies consisting primarily of pool-riffle sequences. No tributaries

were encountered within the stream study sections, which ranged in length from 225 – 396 m (Table 1).

All streams except for Bowron T1 fell within the “S4” stream class, as defined by the B.C. Forest

Practices Code (FPC; Anonymous 1995). Bowron T1 was an “S3” stream, and it was the only one headed

by a small swamp complex ~ 1000 m upstream of the uppermost study boundary. Streams C1, T1, and T2

from the Bowron sub-drainage basin were the only streams in which fish were observed, with rainbow

trout (Oncorhynchus mykiss) being the sole species captured. All streams were forested in 2002, and

streams Bowron T2 and T3 were logged during the winter of 2002/2003, whereas stream Chuchinka T1

was logged on July 25 2003 (Table 1). Timber harvesting within the riparian zones (defined here as a

zone extending 30 m from each bank) of the treatment streams consisted of clear-cut logging that

removed only mature commercial timber. The majority of non-commercial and deciduous timber was thus

left standing to continue providing shade and future recruitment of large organic debris. By comparison,

the remaining cutblock areas were completely clear-cut.

Stream temperature monitoring

Automated temperature loggers (range –5 °C to 35 °C, resolution 0.2 °C, accuracy 0.3 °C; Onset Corp.)

were installed in early June 2002 at the upstream (US) and downstream (DS) boundaries of each stream’s

study section to record hourly stream temperatures. For the streams receiving harvesting treatments, the

US and DS sites were at the uppermost and lowermost edges of the cutblock boundaries, respectively. As

a result, our assessments of the impacts of timber harvesting on stream temperatures apply only to the DS

sites, as the US sites were unaffected by logging and served as controls to account for interannual

weather-related variations in water temperature. Water temperature readings taken periodically with a

calibrated mercury thermometer indicated that the temperature loggers were accurate to within 0.1 °C to

0.3 °C.  For each year, all temperature loggers were removed in October and re-installed in June of the

following year. However, because the impacts of clear-cut logging on stream temperatures are expected to

be greatest during the summer months (June - August), and because the cooling model developed by

Mellina et al. (2002) requires summertime (June 01 – August 31) temperature data, our assessments of

post-logging temperature changes were restricted to these three months.

Canopy cover measurements

Estimates of the amount of shading provided by the riparian vegetation immediately above the stream

surface (reported in terms of percent canopy cover) were obtained with a hand held angular canopy
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densiometer following the methods outlined in Lemmon (1956). Each year, between 6 - 12 estimates were

obtained at 5 m intervals (covering a total of ~ 50 – 60 m) and averaged for each stream except Bowron

T1. No measurements were available for this stream during 2002 and 2003, and canopy cover estimates

were therefore based on a grand average of measurements from the remaining four streams obtained

during the 2002 pre-harvest phase. By contrast, in 2004 canopy cover measurements were taken every 20

– 30 m along Bowron T1’s study reach and averaged.

Determination of groundwater inflows
Because it generally flows underground and is therefore difficult to see, groundwater is a difficult

parameter to estimate accurately. In order to establish its presence in our streams, two methods were used:

one to assess the location of groundwater inputs (a qualitative assessment), and one to estimate the

amount of groundwater entering the streams (a quantitative assessment).

Qualitative assessment: locating groundwater sources using stream conductivity profiles

Dissolved ions present in water give streams a distinct ionic signature that can easily be measured using

an electrical conductivity meter. Furthermore, if groundwater entering a stream has an ionic signature that

differs from that of stream surface waters, the location of these inputs can be detected by carrying out a

conductivity profile along the steam reach. In the absence of tributaries joining the mainstem, abrupt

changes in a stream’s conductivity profile may therefore identify areas of groundwater input (Story et al.

2003). The magnitude of any change will depend on two factors: the amount of groundwater entering the

stream at a specific location, and the strength of its ionic signature relative to that of surface waters. The

greatest changes in conductivity will result from inputs of large amounts of groundwater whose ionic

signature differs markedly from that of stream surface waters. Lesser changes will result if smaller

amounts of groundwater enter a stream, or if the difference in ionic signatures between the groundwater

and surface waters is not as pronounced. Modern conductivity meters simultaneously record temperatures

in addition to electrical conductivity, and abrupt changes in stream temperature should correspond to

changes in electrical conductivity (providing further evidence for locations of groundwater inputs, as long

as groundwater temperatures differ from those of surface waters).

To identify potential locations of groundwater inputs, simultaneous conductivity and temperature

measurements were taken ~ every 25 m within the study boundaries of each stream, and the results

plotted against distance to generate conductivity and temperature profiles. Sampling was conducted

during late July/early August 2004 using a hand held conductivity meter (WTW model LF340; resolution

0.1 µS/cm for readings between 0-200 µS/cm and 1 µS/cm for readings >200 µS/cm). Measurements
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were taken from the DS boundary to the US boundary (i.e. in an upstream direction) to avoid disturbing

sediments and potentially biasing the conductivity readings. To further aid in the interpretation of the

data, conductivity and temperature were measured at each seepage that was encountered within a stream’s

riparian zone and its location along the study reach noted. Because seepages are emergent groundwater

sources, they provide an estimate of the ionic signature of local groundwater inputs.

Quantitative assessment: estimating the amount of groundwater entering a stream using constant-

injection salt dilution gauging

Because no tributaries entered the study reaches of our streams, differences in flow between US and DS

sites should equal net groundwater inputs. A single discharge measurement was taken at the US and DS

boundaries of each stream during late July/early August 2004 using constant-injection salt dilution

gauging. This method is relatively simple and inexpensive to carry out, is ideally suited for low flows

because the instruments do not rely on stream velocity, and is sufficiently accurate to detect even small

differences in flow (+/- 5%; Johnstone 1988). Additional discharge measurements were also taken within

the study sections of streams Chuchinka T1 and Bowron T3.

Statistical analyses

The statistical methods outlined in Mellina et al. (2002) were used to assess post-harvesting changes in

summertime stream temperature patterns in our treatment streams. Because temperature patterns at the DS

sites (those affected by logging) were highly correlated with temperatures at the US (control) sites,

relations between US and DS temperatures during the 2002 pre-logging phase were used as benchmarks

for assessing any post-harvest changes in 2003 and 2004. Using summertime (June – August) pre-logging

data from 2002, relations between US and DS daily mean, maximum and minimum temperatures, as well

as daily fluctuations (daily maximum-minimum temperatures), were assessed for each of the five streams

using linear regression analysis. This was followed by the construction of 95% prediction intervals around

the regression lines to encompass approximately 95% of the observations (Neter et al. 1990 p. 81). Post-

harvest (2003 and 2004) summertime temperature relations among the same variables were computed in a

similar manner. For the treatment streams, post-harvest observations deviating from the temperature

patterns established during the pre-harvest period were attributed to the removal of streamside timber.

Data from all streams collected during the 2002 pre-harvest period, and from the control streams (Bowron

C1 and T1) collected during the 2003-04 post-harvest period, were used to assess the consistency and

precision of these relations. Mean net differences (where the signs of the differences were retained)

between observed post-harvest temperatures and those predicted by the pre-harvest regressions were also

calculated to assess the average magnitude of any changes. Although Mellina et al. (2002) found strong,
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consistent relations between summertime downstream cooling and upstream maximum temperatures in

their lake-headed streams, these relations were either weak (low R2 values) or non-existent (P values >

0.05) in our headwater streams and consequently were not used.

Two graphical techniques were used to further assess post-logging temperature changes in our study

streams. The first method involved plotting the pre-harvest (2002) summertime temperature relations

between the US and DS sites of our study streams along with their respective regressions and 95%

prediction intervals. Post-harvest (2003 and 2004) summertime temperature relations among the same

variables were superimposed on the pre-harvest regressions and prediction intervals, and any deviations

were attributed to the logging treatments. Regression coefficients of determination (R2) and probability

(P) values for each temperature relation were also calculated in order to assess their predictive abilities

and significance. The second graphical method involved plotting the daily pre- and post-harvest

deviations between the observed temperatures (daily mean, maximum, and minimum temperatures, as

well as daily fluctuations) and those predicted by the pre-harvest regression models as a function of time.

Although both graphical methods were based on the same statistical treatments, the first method may be

more appropriate for identifying deviations that occur outside of the prediction bands, whereas the second

method provides a time series that allows for the identification of the period during which the greatest

deviations occur.

Test of the predictive cooling model developed by Mellina et al. (2002)

To test the cooling model’s predictive capability during both pre- (2002) and post-logging (2003 and

2004) phases of our study, the average summertime (June – August) maximum temperatures recorded at

the US sites, as well as the average riparian canopy cover between the US and DS study boundaries, were

first calculated for each of our five streams. These data were then entered into the cooling model, and its

predictions were compared against the actual downstream summertime cooling or warming that was

observed during 2002, 2003, and 2004. Although a complete data set was available from all five streams

during 2002 (pre-harvest summer), only control stream Bowron C1 and treatment stream Bowron T3

yielded a complete set of summertime data in 2003 (first post-harvest summer) with which to formally

test the cooling model. For streams Bowron T1 (control) and T2 (treatment), data from June 01 – July 29

2003 were used to assess the model’s predictive ability in a situation when only partial data were

available. Furthermore, because of the logging schedule around treatment stream Chuchinka T1, the 2003

temperature and canopy cover data from this stream were further divided into pre- (June 01 – July 24) and

post-harvest (July 25 – Aug. 31) periods and substituted into the cooling model to test the accuracy of its

predictions in situations when logging occurs in mid-summer. Lastly, complete summertime data were
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available from four of the five streams for 2004 (second post-harvest summer), with stream Bowron T2

yielding data from June 01 – Aug. 15 2004.

Results

Pre-logging temperature patterns

From 2002 to 2004, the temperature patterns at the US (i.e., forested) sites of the five study streams

revealed that they were all relatively cold during the summer months, with an average daily maximum

temperature of  9.4 °C (range 6.7 – 11.6 °C), and that they exhibited relatively small diurnal fluctuations

averaging 1.3 °C (range 0.5 – 2.5 °C; Table 2 and Fig. 2). The five streams also exhibited relatively small

pre-logging (2002) downstream warming or cooling during the summer months: Bowron T1 and

Chuchinka T1 exhibited downstream cooling between the US and DS boundaries (with an average daily

cooling of 0.02 and 0.001 °C, respectively), whereas the remaining three streams exhibited downstream

warming (with an average daily warming of 0.17 °C; Table 2 and Fig. 2).

Post-logging temperature changes in the treatment streams

In 2002, all five study streams were relatively well shaded, with canopy cover ranging from 62 – 77%

(Fig. 3). During the first post-logging summer (2003), canopy cover was reduced by 38 - 49% around the

three treatment streams (Bowron T2 and T3, and Chuchinka T1) as a result of our logging treatments

(Fig. 3). However, these reductions in cover resulted in only relatively small changes (represented by the

deviations from the linear regressions constructed using the 2002 pre-harvest data) in summertime DS

daily mean, maximum, and minimum temperatures, as well as in daily DS fluctuations (Table 3 and Fig.

4). For example, DS summertime daily mean temperatures changed by an average of 0.3 – 0.7 °C, daily

maximum temperatures by 1.2 – 1.4 °C, daily minimum temperatures by –0.3 to 0.3 °C, and daily

fluctuations by 0.8 – 1.0 °C (Table 3). During 2003, the greatest deviations from the pre-harvest

regressions tended to occur from mid-to-late July until mid-August, a time which also coincided with the

warmest period of the summer (Fig. 4).

During the second post-logging summer (2004), canopy cover over treatment streams Bowron T2 and T3

remained stable when compared to 2003 levels (with reductions of 46% and 47%, respectively, relative to

2002), whereas levels over Chuchinka T1 decreased to 20% (corresponding to a reduction of 66% relative

to 2002; Fig. 3). These continued reductions coincided with the greatest post-logging temperature changes

observed to date. For example, in 2004 DS summertime daily mean temperatures increased by an average

of 0.8 – 1.0 °C, daily maximum temperatures by 1.4 – 2.7 °C, daily minimum temperatures by 0.3 to 0.4

°C, and daily fluctuations by 1.0 – 1.7 °C (Table 3). The greatest deviations from the pre-harvest
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regressions also tended to occur from mid-to-late July until mid-August 2004, a situation similar to the

one seen in 2003 (Fig. 4).

Assessment of the validity of the statistical method used to determine post-logging temperature changes

A high precision in the 2002 pre-harvest relations between US and DS temperatures is necessary in order

to use these relations to assess post-logging changes. The pre-harvest relations for all five streams had

relatively high coefficients of determination (R2 values), ranging from 0.34 to 0.99 (Fig. 4). The highest

R2 values were generally observed in the relations between US and DS daily mean, maximum, and

minimum temperatures (range 0.76 – 0.99), whereas the lowest values were seen in the relations between

US and DS daily fluctuations (range 0.34 – 0.85; Fig. 4). Furthermore, a continued close correspondence

between the pre-harvest regressions and the 2003-04 data was expected for the control streams (Bowron

C1 and T1, and Chuchinka T1 during the pre-harvest period in 2003). Deviations from the pre-harvest

regressions in these three streams were relatively minimal, ranging from –0.4 to 0.5 °C for all 2003-04

temperature relations (Fig. 4 and Table 3). These results therefore suggest that the statistical method

advocated by Mellina et al. (2002) was appropriate for assessing post-logging temperature changes in our

study streams.

Determination of the location and amount of groundwater inflows

In late July and early August 2004, the surface water conductivity in streams Bowron C1, T2, and T3

ranged from ~ 55 – 65 µS/cm, whereas the conductivity in Bowron T1 ranged from ~ 101 – 103 µS/cm

(Fig. 5). The higher conductivity recorded in stream Bowron T1 may reflect the different origin of its

surface waters, as this was the only stream headed by a swamp complex ~ 1000 m upstream of the US

site. The general trend was for increasing conductivity from DS to US sites in streams Bowron C1 and

T1, and in Chuchinka T1, whereas the reverse trends was observed in streams Bowron T2 and T3 (Fig. 5).

Electrical conductivity profiling was carried out in the study streams to locate potential areas of

groundwater input, and in streams Bowron C1 and T1, as well as in Chuchinka T1, the profiles revealed

relatively gradual changes in conductivity marked by a lack of abrupt changes (Fig. 5a, 5b, and 5e). This

pattern suggests that groundwater inputs were present but diffuse throughout the study reaches. By

contrast, the general pattern observed in streams Bowron T2 and T3 was for relatively stable conductivity

readings punctuated by abrupt changes, suggesting that discrete groundwater inputs were entering these

streams at the inflection points of the profiles (~ 50 – 75 m from the DS sites of both streams; Fig. 5c and

5d). Outside of these inflection points, the relatively stable conductivity readings suggest that little

groundwater was present, or that groundwater inputs in those areas were similar to surface waters in their
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ionic signature (and thus escaped detection using this method). Overall, however, the changes in the

conductivity profiles (whether abrupt or gradual) indicate that groundwater was entering all of the study

streams.

The assumption that groundwater was present in all five study streams is supported by the discharge data.

Discharge increased from US to DS sites in all five study streams during late July and early August 2004

(Table 4 and Fig. 5), and because no tributaries were encountered within the study boundaries the net

accrual in discharge must be attributed to groundwater inputs. However, the relative contribution of

groundwater to DS flows varied considerably among streams, and ranged from 1% to almost 50% (Table

4). There also appeared to be a correspondence between the magnitude of the difference in conductivity

readings between US and DS sites and the amount of groundwater entering the study reaches. For

example, the overall change in conductivity between DS and US sites in streams Bowron C1, T1, and T3

was less than ~ 2 µS/cm, and these were the three streams in which groundwater contributed the lowest

percentages to DS flows (1 – 6%; Table 4 and Fig. 5). By contrast, changes of between 15 – 20 µS/cm

were observed in Bowron T2 and Chuchinka T1, streams in which groundwater contributed 17 – 48% to

the DS flows (Table 4 and Fig. 5). Additional discharge measurements taken along stream Chuchinka T1

revealed a gradual increase in flow from US to DS sites, supporting the conductivity profile that

suggested groundwater inputs were diffuse along the study reach (Fig. 5e). The pattern in stream Bowron

T3 was more complex: the reach from the US site to 75 m upstream of the DS site exhibited a net loss of

~ 28% in flow, whereas a net gain of 48% in flow was observed in the reach bounded by the DS site to 75

m upstream of the DS site (Fig. 5d). This gaining reach also coincided with the sharp change in the

stream’s conductivity profile.

The conductivities of seepages encountered within the stream riparian zones tended to support the

conductivity patterns observed in the surface waters. Seepage conductivities that were similar to those

recorded in the surface waters tended to coincide with relatively minor changes in the conductivity

profiles (e.g., Bowron C1 at the US site, and Bowron T2 and T3 at ~ 200 m from the DS site; Fig. 5). By

contrast, seepage conductivities that differed from those in the surface waters generally coincided with

inflection points in the overall conductivity profile (e.g., Bowron T2 and T3 at ~ 50 – 75 m from the DS

site, and Chuchinka T1 at ~ 250 and 350 m from the DS site; Fig. 5). Furthermore, seepages with

conductivities that were higher than that of the stream tended to increase the ionic signature of surface

waters downstream of the seepage location (e.g., Bowron T2 and T3), whereas seepages with lower

conductivities tended to dilute the stream’s ionic signature (e.g., Chuchinka T1; Fig. 5). However, some

seepage locations did not coincide with inflection points in the stream conductivity profile, despite
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relatively large differences between seepage and surface water readings (e.g., Chuchinka T1 at ~ 550 and

750 m upstream of the DS site; Fig. 5e). This suggests that those seepages were not contributing

significant amounts of groundwater to the stream, or that true groundwater conductivities were similar to

those of the surface waters.

The magnitude of changes in temperature between US and DS sites generally reflected those in

conductivity, with relatively small changes (< 0.5 °C) observed in streams Bowron C1 and T1 (which

were forested), and larger changes (2 – 2.5 °C) observed in streams Bowron T2 and T3, and in Chuchinka

T1 (which were logged; Fig. 5). Although the temperature changes tended to be gradual in all four of the

Bowron streams, the abrupt change seen in the conductivity profile of stream Bowron T2 was not

mirrored by the temperature profile (Fig. 5a-d). Furthermore, the temperature profile of stream Chuchinka

T1 was marked by abrupt changes all along the study reach, in stark contrast to the gradual changes

observed in its conductivity profile (Fig. 5e). Lastly, in most cases seepage temperatures exceeded those

recorded in the surface waters (Fig. 5), and this reflected the fact that the seepages were emergent,

stagnant sources of groundwater whose temperatures were likely influenced by exposure to warm air and

solar radiation.

Test of the predictive cooling model developed by Mellina et al. (2002)

Using the 2002 pre-logging data, the cooling model developed by Mellina et al. (2002) predicted with

relative accuracy the average daily summertime downstream cooling (for streams Bowron T1 and

Chuchinka T1) and warming (for the remaining three streams) in the forested study streams, with an

average absolute deviation from the line of correspondence of 0.31 °C (range 0.03 – 0.67 °C; Table 5 and

Fig. 6). Using complete, uninterrupted summertime canopy cover and temperature data for the 2003

season (which were available only for control stream Bowron C1 and treatment stream Bowron T3), the

model continued to predict with relative accuracy the observed average daily summertime downstream

warming in these two streams, although with a greater absolute deviation from the line of correspondence

(mean of 0.55 °C, range of 0.39 – 0.72 °C; Table 5 and Fig. 6). With incomplete 2003 summertime data

from streams Bowron T1 and T2 (in which the automated temperature monitors became exposed to air)

and from stream Chuchinka T1 (which was logged at the end of July and which was separated into pre-

and post-harvesting periods for this year), the model’s predictive capability also remained high, with a

mean absolute deviation from the line of correspondence of 0.23 °C and a range of 0.002 – 0.41 °C (Table

5 and Fig. 6). Lastly, using 2004 data from all five streams (including the incomplete data from stream

Bowron T2, from which temperature data from the last two weeks in August were missing), the model’s
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continued high predictive capability was evident, with an average absolute deviation from the line of

correspondence of 0.34 °C (range 0.01 – 0.7 °C; Table 5 and Fig. 6).

Discussion

The temperature patterns exhibited by our study streams were similar to the ones observed by Mellina et

al. (2002) in their headwater streams, with relatively cold summer temperatures, small diurnal

fluctuations, and little downstream cooling or warming. By comparison, summertime temperatures in the

lake-headed streams monitored by Mellina et al. (2002) were considerably warmer (with an average daily

US maximum temperature of 15.3 °C) and exhibited greater US diurnal fluctuations (averaging 3.9 °C),

with nine out of ten of their lake-headed streams cooling as they flowed downstream (with an average

summertime cooling of 1.2 °C). Our data therefore support the conclusions reached by Mellina et al.

(2002) that headwater streams are generally colder than lake-headed streams, and that they generally

warm as they flow downstream (compared to lake-headed streams, which generally exhibit downstream

cooling). The authors found that downstream cooling mediated by groundwater inputs was possible given

warm initial stream temperatures and cold groundwater inputs, and our streams were likely not warm

enough (and temperature differences between surface waters and groundwater not great enough) to

promote cooling. Our study streams are likely representative of small headwater streams in the central

interior of B.C., and they are therefore suitable for making generalizations about stream temperature

responses to streamside timber harvesting practices and for testing the predictive capability of the cooling

model developed by Mellina et al. (2002).

The summertime changes in stream temperatures (daily mean, maximum, minimum, and fluctuations) in

our three treatment streams averaged < 3 °C during the first two post-logging summers (2003 and 2004),

and these were relatively minor when compared to values reported in the literature for headwater streams

(where increases of ~ 5 – 7 °C have been found following logging; Mellina et al. 2002). The magnitude of

our observed temperature changes may be related to the streamside timber harvesting treatments. For

example, our logging prescriptions reduced the canopy cover by between 39 – 66% in 2003 and 2004, and

this level of timber harvesting likely contributed to the relatively small temperature changes we observed.

Similarly, Mellina et al. (2002) observed modest temperature increases of 0.05 – 1.1 °C in their lake-

headed streams following the removal of  ~ 50% of the riparian canopy. By contrast, previous studies

from the literature have tended to focus on streams whose banks were completely clear-cut, and whose

post-logging temperature increases may therefore been higher. Furthermore, if the canopy cover around

our three treatment streams had been reduced by 85% (which is consistent with more aggressive riparian

logging), the cooling model predicts that summertime daily mean temperatures would have increased by
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~ 3 – 4 °C in 2003 and 2004. These predicted increases in daily mean temperature would translate into

larger increases in daily maximum temperature, bringing them more in line with literature values for

headwater streams. These calculations support the assumption that the relatively modest post-logging

temperature changes observed in our streams were attributable to the partial timber harvesting treatments.

Lastly, monthly summer average air temperatures were ~ 2 °C warmer in 2004 when compared to 2002

and 2003 (Environment Canada, Monthly Meteorological Summaries, Prince George Airport, Prince

George, B.C.). These warmer air temperatures, when combined with the continued reductions in

streamside canopy over our treatment streams (and which may have been a response of the understory to

changing light conditions; Small and McCarthy 2002; Hunt et al. 2003), likely contributed to the greater

post-logging temperature changes observed during 2004.

The statistical method advocated by Mellina et al. (2002) to assess post-logging temperature changes

through the use of an upstream control site appeared appropriate for our study streams, given the high R2

values for the pre-harvest temperature relations. Furthermore, the relatively minor net deviations from the

pre-harvest regressions using the 2003 and 2004 data from the control streams provided additional

support for the validity of using this approach. An advantage of this method is that it obviates the need to

locate and monitor the temperatures of additional, independent control streams that are similar in their

physical characteristics to the treatment streams. This latter approach is the one that tends to be favored in

other temperature studies (e.g., Brown 1969; Hewlett and Fortson 1982; Macdonald et al. 2003), and

increases the logistic demands of the experiment (even though the same number of overall sites would

still have to be monitored). In addition, independent control streams need to be in relatively close

proximity to the treatment streams in order to account for interannual weather-related variations in water

temperature. Lastly, independent control streams may go dry, which would result in a lack of controls

against which to compare treatment streams, or which could result in comparisons with potentially

inappropriate streams that were located further apart. The statistical method advocated by Mellina et al.

(2002) may therefore be logistically more expedient for assessing post-logging temperature changes.

The stream conductivity and temperature profiles, combined with the discharge and seepage conductivity

data, suggest that groundwater inputs were present along the study sections of all five streams. The

relatively minor and gradual changes in conductivity (< 2 µS/cm) between US and DS sites in streams

Bowron C1, T1, and T3 tended to coincide with the minor and gradual changes in stream temperature.

When combined with the low contribution of groundwater to DS flows (1 – 6%), this suggests that there

was relatively little groundwater entering these three streams and that inputs were diffuse along the study

sections. By contrast, the sharp inflection in stream Bowron T2’s conductivity profile ~ 75 m upstream of
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the DS site did not coincide with a similar change in temperature. Although the conductivity of

groundwater may have differed substantially from that of surface water in this stream, the temperature

differences between the two may not have been as pronounced, resulting in a relatively minor change in

the temperature profile. Furthermore, the abrupt changes in the temperature profile of stream Chuchinka

T1 were not mirrored in its conductivity profile. It is possible that the clear-cut logging conducted within

the riparian zone elevated soil temperatures (and consequently those of effluent groundwater; Hewlett and

Fortson 1982; Story et al. 2003), resulting in groundwater inputs potentially contributing to downstream

warming. Evidence for this may be found in Chuchinka T1, where the reach showing the greatest increase

in the temperature profile (the section ~ 250 – 450 m from the DS site) received 50% of the groundwater

entering the entire study section. Such an effect may be an important consideration in low gradient

streams surrounded by flat terrain where groundwater is typically close to the soil surface (Hewlett and

Fortson 1982). Lastly, the conductivities of seepages encountered within the stream riparian zones tended

to support the conductivity patterns observed in the surface waters, and were thus useful for validating the

use of this method to detect areas of groundwater input. For example, the four seepages encountered

within Chuchinka T1’s riparian zone all had conductivities that were lower than the surface waters, which

coincides with the gradual downstream dilution in conductivity observed throughout this stream’s study

section. This further supports the conclusion that Chuchinka T1 was characterized by diffuse groundwater

inputs entering all along the stream rather than being punctuated by discrete, localized sources.

The cooling model predicted with relative accuracy the average amount of summertime downstream

warming and cooling observed in our streams during the 2002 pre-harvest phase, and it remained

relatively accurate when the 2003 and 2004 post-logging data were used (whether those data were

complete or incomplete). Lastly, the cooling model appears to remain relatively accurate when only

partial summertime data are available (whether those data are from forested or logged streams). This is

shown by the continued close correspondence between observed and predicted warming for control

stream Bowron T1 and treatment stream Bowron T2 (where the automated temperature monitors were

exposed to air in late July 2003), as well as for treatment stream Chuchinka T1 (which was logged part-

way through the summer of 2003). The additional test of the model provided by our data therefore

increases confidence in its potential for management applications (e.g., forecasting potential temperature

changes in response to riparian logging or pine beetle-induced mortality).

Although streams Bowron T2 and C1 were the only streams in which fish were captured, our results are

potentially applicable to other small, fish-bearing streams having similar temperature regimes. Increases

in stream temperature following logging have generally been considered to be detrimental to fish
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development, physiology, behaviour, and activity (Beschta et al. 1987). For example, temperatures that

exceed thermal preferences and optima lead to increased metabolic requirements and to decreased food

conversion efficiencies and dissolved oxygen levels in water (Spigarelli and Thommes 1979).

Alternatively, water temperatures that are too cold can impede growth and development in stream-

resident fish. In northern, temperate latitudes, small streams may be so well shaded and consequently so

cold that fish growth is stunted, even for cold-water adapted species like trout (Anderson 1973; Brownlee

et al. 1988). Increased stream temperatures in these cases may lead to increases in primary and secondary

productivity, as well as increases in fish activity levels, digestion and food conversion rates (Gregory et

al. 1987; Jobling 1981). These effects are expected to enhance growth as long as temperatures do not

exceed the tolerance limits of the species being considered.

Species-specific thermal tolerances and growth optima are therefore important fisheries management

considerations when assessing logging impacts. For example, within the Takla watershed in the central

interior of B.C., sockeye salmon (O. nerka) spawn in their natal streams in late summer, with fry

emergence and emigration occurring the following spring. It has been speculated that increases in stream

temperatures would lead to accelerated development to the fry stage and earlier, possibly untimely,

emergence and emigration when environmental conditions are potentially unsuitable (Macdonald et al.

1998). By contrast, the same forecast does not necessarily hold true for a species like rainbow trout,

which typically spawns in the spring with fry emerging from stream gravels by mid to late summer.

Modest stream temperature increases could also lead to earlier fry emergence, as long as they remained

below lethal levels. However, because rainbow trout are spring spawners, the advanced timing might

allow fry additional time to grow and accumulate energy reserves before the onset of winter, thereby

conferring a size advantage and increasing the likelihood of overwinter survival (Quinn and Peterson

1996). Furthermore, the range of temperatures for optimum growth (i.e., the range within which growth is

maximized) for rainbow trout is 15.5 - 17.3 °C in a thermally fluctuating environment (Hokanson et al.

1977). The temperature increases observed in our study streams following timber harvesting (which

averaged < 3 °C over the summer months during 2003 and 2004) would therefore likely be beneficial for

rainbow trout growth, as they would bring temperatures closer to the growth optimum for this species

without exceeding its thermal tolerances. Slaney et al. (1977) also attributed increased rainbow trout

growth rates in recently clear-cut streams in B.C.’s central interior to increased stream temperatures.

However, it must be remembered that temperature increases that are beneficial to one fish species may be

detrimental to another. For example, bull trout (Salvelinus confluentus) have thermal preferenda that

differ from those of rainbow trout, as they prefer temperatures below 15 °C and are generally less tolerant

of warm temperatures (Bonneau and Scarnecchia 1996). Therefore, even modest temperature increases
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may negatively affect this species. Ultimately, the thermal requirements of the fish species of interest will

determine whether or not post-logging increases in temperatures will likely be beneficial or detrimental.

Conclusions

The temperatures in our five study streams were all relatively cold during the pre-harvest phase, and they

were deemed to be representative of the patterns generally found in central interior headwater streams.

Furthermore, the Mellina et al. (2002) statistical method for assessing post-logging temperature changes

was judged to be appropriate for our streams. The relatively minor post-logging summertime increases in

daily mean, maximum, and minimum temperatures, as well as in daily fluctuations (which averaged < 3

°C) were likely a result of the partial clear-cutting that was undertaken within the stream riparian zones,

and were not expected to be detrimental to stream-resident rainbow trout. Because the daily temperature

deviations from the pre-harvest regressions also tended to be highest during late July and early August, it

is recommended that any summertime logging be conducted outside of this period to minimize

temperature impacts. Lastly, the conductivity and temperature profiles, together with the upstream and

downstream discharge data, were useful in establishing potential locations and amounts of groundwater

entering our study streams.

Whereas predicting stream temperature responses is a potentially complex undertaking given the myriad

possible interactions among energy budget components (Adams and Sullivan 1989), the cooling model

developed by Mellina et al. (2002) provides a useful starting point for predicting downstream cooling or

warming in small, lake-headed and headwater streams using easily measured variables. Given that it

incorporates canopy cover, it may also have management applications by allowing resource practitioners

to forecast temperature responses to streamside logging, and in this respect we had a unique opportunity

to test the model’s predictive capability through the application of our post-logging data set. The model’s

overall simplicity and apparent robustness when using incomplete temperature data make it an attractive

and potentially useful alternative to the detailed hydro-meteorological energy budgets that are typically

required for predicting changes in stream temperature (Sullivan et al. 1990; Sinokrot and Stefan 1993;

Evans et al. 1998). However, the cooling model is likely restricted to streams that are similar to the ones

monitored by Mellina et al. (2002) with respect to their physical and hydro-meteorological characteristics.

Further rigorous testing (such as the analyses presented above with our pre-logging and post-logging data)

is therefore required to determine if the model variables are useful predictors of stream cooling or

warming in other streams and in other climatic regions. Continued monitoring of our study streams is

essential to not only assess short-term (i.e., < 5 years) changes in stream temperature following our

streamside harvesting prescriptions, but also to further assess the accuracy of the cooling model’s
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predictions. These activities will further allow us to continue collaborating with other scientists in order to

exchange ideas and results, and to be kept abreast of ongoing similar research in this field of study.
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Table 1. Physical characteristics for the five streams monitored during this study. Summertime dates available for testing the cooling
model developed by Mellina et al. (2002), as well as the dates when streamside logging occurred around the treatment streams, are
also included.  The range in values for the streams monitored by Mellina et al. (2002) is included for comparative purposes.

Stream Stream
Gradient

(%)

Bankfull
width (m)

Length of
study

section (m)

Summertime dates used in testing the cooling model Date logged

Streams monitored during this study 2002 2003 2004

Bowron sub-drainage basin

T11 1.2 2.2 225 June 02-Aug.
31

June 01-July 292 June 01-Aug.
31

n/a

T2 1.7 0.9 241 June 02-Aug.
31

June 01-July 293 June 01-Aug.
153

Winter
2002/2003

T3 7.0 0.8 261 June 02-Aug.
31

June 01-Aug. 31 June 01-Aug.
31

Winter
2002/2003

Control (C1) 1.1 1.0 209 June 02-Aug.
31

June 01-Aug. 31 June 03-Aug.
31

n/a

Chuchinka sub-drainage basin

T1 0.8 1.7 396 June 06-Aug.
31

June 01-Aug. 31 June 01-Aug.
31

July 25 20034

Streams monitored by Mellina et al.
(2002)

Range for all
streams

1.8 – 8.3 1.0 – 3.4 300 – 1250 June 01-Aug.
31

(2001)

n/a n/a



1Bowron T1 is expected to be a future treatment stream but was included as an additional control stream during 2003 and 2004.
2The temperature monitor at the downstream site of stream Bowron T1 became exposed to air on July 30 2003.
3The temperature monitor at the upstream site of stream Bowron T2 became exposed to air on July 30 2003 and on Aug. 16 2004.
4For stream Chuchinka T1, the period from June 01-July 24 2003 served as an additional pre-harvest control (summertime post-
harvesting data were restricted to July 25 - Aug. 31 for 2003).



Table 2. Summertime averages for upstream (US) and downstream (DS) daily mean, maximum, and
minimum temperatures, as well as daily fluctuations (maximum-minimum) and downstream cooling for
the five study streams from 2002 to 2004. Downstream cooling only applied to the DS sites, and negative
values indicate that the stream warmed as it flowed downstream. For the treatment streams, pre-harvest
monitoring occurred in 2002, whereas post-harvest monitoring took place in 2003 and 2004. Refer to
Table 1 for the dates during which monitoring took place.

Stream Site Year Mean
temperature

(°C)

Max.
temperature

(°C)

Min.
temperature

(°C)

Fluctuations
(Max.-Min;

°C)

DS
cooling

(°C)

Chuchinka T1* US 2002 9.6 11.5 8.5 3.1 n/a

DS 9.6 10.6 8.9 1.7 0.001

Pre-harvest US 2003 9.1 9.9 8.3 1.6 n/a

Post-harvest 10.9 12.3 10.0 2.3 n/a

DS 9.3 10.1 8.6 1.5 -0.23

11.2 12.4 10.0 2.5 -0.23

US 2004 11.1 12.4 10.0 2.5 n/a

DS 12.1 13.7 10.5 3.2 -1.0

Bowron T1 US 2002 9.3 10.1 8.5 1.6 n/a

DS 9.3 10.0 8.5 1.5 0.02

US 2003 10.0 10.8 9.2 1.7 n/a

DS 10.0 10.8 9.1 1.7 0.02

US 2004 10.8 11.6 10.0 1.6 n/a

DS 10.8 11.6 10.0 1.6 0.01

Bowron T2 US 2002 7.8 8.2 7.3 0.9 n/a



DS 7.8 8.2 7.4 0.9 -0.05

US 2003 8.0 8.5 7.6 0.8 n/a

DS 8.8 9.7 8.0 1.7 -0.73

US 2004 9.2 9.6 8.8 0.9 n/a

DS 10.2 11.4 9.2 2.2 -1.0

Bowron T3 US 2002 6.0 6.3 5.8 0.5 n/a

DS 6.4 6.7 6.1 0.6 -0.41

US 2003 6.6 6.9 6.4 0.5 n/a

DS 7.7 8.6 7.0 1.6 -1.07

US 2004 7.1 7.4 6.9 0.5 n/a

DS 8.4 9.3 7.7 1.6 -1.3

Bowron C1 US 2002 7.6 8.0 7.1 0.9 n/a

DS 7.6 8.1 7.1 1.0 -0.02

US 2003 8.5 8.9 8.0 0.9 n/a

DS 8.5 9.1 8.0 1.1

US 2004 8.6 9.0 8.2 0.9 n/a

DS 8.4 8.9 8.0 0.9 0.08

* Streamside harvesting around stream Chuchinka T1 occurred on July 25 2003, and summertime pre-
harvest dates during 2003 are for the period from June 01 – July 24, and post-harvest dates from July 25
– Aug. 31.



Table 3. Average downstream summertime (June 01 – Aug. 31) pre- (2002) and post-harvesting (2003-04) net deviations from the
linear regressions constructed using the 2002 pre-harvest data for daily mean, maximum, and minimum temperatures, as well daily
fluctuations (maximum-minimum). The range in deviations (maximum and minimum values) for each summertime period is also
included. For the treatment streams in 2003 and 2004, deviations from the 2002 linear regressions represent post-harvesting
temperature changes. Positive/negative values indicate an increase/decrease relative to the pre-harvest phase.

Stream 2002 2003 2004
Mean Max. Min. Mean Max. Min. Mean Max. Min.

Daily mean temperature (°C)
Bowron C1 -0.003 0.13 -0.14 0.02 0.15 -0.16 -0.3 -0.01 -0.02
Bowron T1 0.002 0.18 -0.22 -0.004 0.26 -0.07 0.005 0.12 -0.07
Bowron T2 0.0 0.32 -0.71 0.69 1.11 0.42 1.06 2.31 0.46
Bowron T3 0.0 0.23 -0.23 0.61 1.0 -0.002 0.79 1.34 0.08
Chuchinka
T1a

-0.004 0.51 -0.49 0.21
(0.25)

0.57 (1.0) 0.01 (-1.19) 1.05 1.94 -0.12

Daily maximum temperature (°C)
Bowron C1 0.003 0.34 -0.28 0.02 0.67 -0.45 -0.2 0.16 -0.41
Bowron T1 -0.003 0.4 -1.3 0.12 1.08 -0.16 0.12 0.44 -0.18
Bowron T2 -0.004 0.43 -1.32 1.21 1.99 0.48 1.88 3.46 0.46
Bowron T3 0.002 0.31 -0.2 1.2 1.93 -0.46 1.38 2.26 0.05
Chuchinka
T1a

0.004 1.55 -1.76 0.45
(1.39)

1.57 (3.14) -0.6 (0.12) 2.67 4.64 0.6

Daily minimum temperature (°C)
Bowron C1 0.002 0.21 -0.22 0.02 0.21 -0.21 -0.1 0.19 -0.31
Bowron T1 0.003 0.27 -0.23 -0.04 0.18 -0.53 -0.03 0.19 -0.24
Bowron T2 0.0 0.84 -0.37 0.3 0.74 -0.07 0.39 1.25 0.02
Bowron T3 0.002 0.27 -0.39 0.23 0.71 -0.38 0.38 0.89 -0.27
Chuchinka 0.002 1.19 -0.77 -0.11 (- 0.25 -0.33 (- 0.31 1.43 -0.69



T1a 0.28) (0.68) 2.69)

Daily fluctuations (max. - min.; °C)
Bowron C1 0.0 0.32 -0.32 0.04 0.69 -0.35 -0.07 0.39 -0.36
Bowron T1 -0.001 0.41 -1.21 0.15 1.64 -0.17 0.09 0.52 -0.31
Bowron T2 0.0 0.45 -0.91 0.83 2.08 -0.09 1.3 2.82 0.02
Bowron T3 0.0 0.24 -0.27 0.99 1.84 -0.44 1.04 1.93 -0.07
Chuchinka
T1a

0.0 1.39 -1.34 0.23
(0.97)

1.16 (3.7) -0.65 (-
0.12)

1.67 3.84 -0.2

aFor treatment stream Chuchinka T1, the 2003 values represent pre-harvest data for the period from June 01 – July 24, followed by
post-harvest data from July 25 – Aug. 31 in parentheses.



Table 4. Discharge estimates (L/s) for the five study streams obtained during late July and early August

2004. US and DS refer to upstream and downstream sites, respectively. The difference in discharge is the

difference between US and DS flows, and represents net groundwater inputs. The percentage of DS flows

contributed by groundwater was calculated as: (the difference in discharge/DS discharge)•100.

Stream US Discharge DS Discharge Difference Percent of DS
flows contributed
by groundwater

(%)

Bowron C1 4.9 5.2 0.3 5.8

Bowron T1 10.4 10.5 0.1 0.95

Bowron T2 1.5 1.8 0.3 16.7

Bowron T3 2.21 2.24 0.03 1.3

Chuchinka T1 0.32 0.62 0.3 48.4



Table 5. Predicted versus observed downstream summertime (June 01 - Aug. 31) cooling or warming for
the five streams monitored during this study for the pre- (2002) and post-harvest (2003-04) seasons.
Predicted values were calculated using the Mellina et al. (2002) cooling model. Canopy cover and
maximum upstream (US) temperatures are also included, as they comprise the predictors for the model.
Negative values for cooling indicate that the stream warmed as it flowed downstream. The difference
between predicted and observed cooling was calculated as (predicted – observed cooling), and a
negative/positive value indicates that the model underestimates/overestimates the observed cooling. Refer
to Table 1 for the dates during which monitoring took place.

Stream Year Canopy
cover (%)

Max. US
temperatur

e (°C)

Observed
DS cooling

(°C)

Predicted
DS

cooling
(°C)

Difference
(°C)

Chuchinka T1* 2002 62.5 11.5 0.001 0.16 0.16

Pre-harvest 2003 62.5 9.9 -0.23 -0.23 -0.003

Post-harvest 37.8 12.3 -0.23 -0.52 -0.29

2004 20.8 12.4 -1.0 -1.52 -0.52

Bowron T1 2002 71.8 10.1 0.02 0.05 -0.03

2003 71.8 10.8 0.02 0.23 0.21

2004 83.3 11.6 0.004 0.69 0.68

Bowron T2 2002 74.4 8.2 -0.05 -0.36 0.31

2003 45.9 8.5 -0.73 -1.14 -0.41

2004 40.4 9.6 -1.05 -1.06 -0.01

Bowron T3 2002 77.2 6.3 -0.41 -0.77 0.36

2003 39.4 6.9 -1.07 -1.79 -0.72

2004 40.6 7.4 -1.29 -1.62 -0.33

Bowron C1 2002 63.6 7.9 -0.02 -0.69 -0.67



2003 63.6 8.9 -0.06 -0.45 -0.39

2004 93.8 9.0 0.08 0.25 0.17

*Streamside harvesting around stream Chuchinka T1 occurred on July 25 2003, and summertime
pre-harvest data for this year correspond to the period from June 01 – July 24, whereas post-
harvest data are from July 25 – Aug. 31.



Fig. 1. Map showing the general location of the streams monitored during this study.



Fig. 2. Daily mean, maximum, and minimum temperatures recorded at the upstream (US) and
downstream (DS) study boundaries of the five streams monitored during this study from 2002 to
2004. Stream cooling (defined as the difference between mean daily US and DS temperatures) as
well as the diurnal fluctuations (defined as the daily maximum – minimum temperatures)
recorded at each site are also plotted.
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Fig. 2 cont. The temperature loggers at the DS site of stream T1 and at the US site of stream T2 were exposed to air in 2003 and 2004.
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Fig. 3. Summertime canopy cover estimates for the five streams monitored during this study.
Data are shown for the pre- (2002) and post-harvest (2003-04) summers. Streams Bowron C1
and T1 were controls and remained unharvested for the duration of the study, whereas the
remaining streams were subjected to streamside clear-cut logging in 2003. No measurements
were available for control stream Bowron T1 for 2002 and 2003. Error bars represent standard
errors of the mean.
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Fig. 4. Temperature relations and their deviations from the pre-harvest period for the five streams

monitored during this study. In the left column, relations between upstream (US) and downstream (DS)

daily mean, maximum, and minimum temperatures, as well as daily fluctuations (maximum-minimum),

are plotted. For each relation, summertime daily temperature data for the pre-harvest period (June –

August 2002) are plotted along with an associated regression line, 95% prediction intervals, regression

coefficients of determination (R2), and probability (P) values. Summertime temperature data for the post-

logging period (2003-04) are superimposed on the same graphs, and deviations from the pre-harvest

prediction intervals are attributed to the logging treatments. In the right column, daily deviations from the

2002 regressions are plotted as a function of time to allow for an assessment of the period during which

the greatest deviations occur, with vertical axes representing the differences (deviations) between

observed temperatures and those predicted by the regressions shown in the left column. A

positive/negative value indicates the stream is warmer/cooler than predicted. The horizontal dotted lines

in the right-hand graphs represent the line of correspondence (observed equals predicted values). Note

that axis scales are not consistent. See Table 1 for the dates during which temperature data were available.



Fig. 4a.

US daily mean temperature (°C)
2 4 6 8 10 12 14

D
S 

da
ily

 m
ea

n 
te

m
pe

ra
tu

re
 (°

C
)

2

4

6

8

10

12

14

US daily maximum temperature (°C)
2 4 6 8 10 12 14D

S 
da

ily
 m

ax
im

um
 te

m
pe

ra
tu

re
 (°

C
)

2

4

6

8

10

12

14

US daily minimum temperature (°C)
2 4 6 8 10 12 14D

S 
da

ily
 m

in
im

um
 te

m
pe

ra
tu

re
 (°

C
)

2

4

6

8

10

12

14

US daily fluctuations (max.-min;°C)
0 1 2

D
S 

da
ily

 fl
uc

tu
at

io
ns

 (m
ax

.-m
in

;°
C

)

-1

0

1

2

3

Date
5/31  6/10  6/20  6/30  7/10  7/20  7/30  8/9  8/19  8/29  

D
S 

da
ily

 m
ea

n 
te

m
pe

ra
tu

re
 (°

C
)

-0.3

-0.2

-0.1

0.0

0.1

0.2

Date
5/31  6/10  6/20  6/30  7/10  7/20  7/30  8/9  8/19  8/29  D

S 
da

ily
 m

ax
im

um
 te

m
pe

ra
tu

re
 (°

C
)

-0.5

0.0

0.5

1.0

Date
5/31  6/10  6/20  6/30  7/10  7/20  7/30  8/9  8/19  8/29  D

S 
da

ily
 m

in
im

um
 te

m
pe

ra
tu

re
 (°

C
)

-0.5

0.0

0.5

Date
5/31  6/10  6/20  6/30  7/10  7/20  7/30  8/9  8/19  8/29  

D
S 

da
ily

 fl
uc

tu
at

io
ns

 (m
ax

.-m
in

;°
C

)

-0.5

0.0

0.5

1.0

2002
2003
2004

2002: R2=0.99; P<0.001

Bowron C1 (control)

2002: R2=0.99; P<0.001

2002: R2=0.99; P<0.001

2002: R2=0.78; P<0.001



Fig. 4b.
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Fig. 5. Simultaneous electrical conductivity and temperature profiles for each of the five streams

monitored during this study. Profiles were conducted in late July and early August 2004, and all

measurements originated at the downstream (DS) site and ended at the upstream (US) site. Point

discharge estimates for each site are also included at the top of each panel. Additional discharge

measurements were taken along the study sections of streams Bowron T2 and Chuchinka T1. The

locations of emergent seepages encountered within the stream riparian zones are denoted by arrows, with

conductivity and temperature values in parentheses. Note that axis scales are not consistent among graphs.
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Fig. 5e.

Chuchinka T1 (treatment)
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Fig. 6. Test of the predictive cooling model developed by Mellina et al. (2002) using summertime (June
01 – Aug. 31) pre- (2002) and post-logging (2003-04) temperature and canopy cover data from the five
streams monitored during this study. The model predicts the average amount of summertime cooling
between study boundaries, with positive/negative values indicating that the stream cooled/warmed
through the study section. The average absolute deviation from the line of correspondence is 0.31 °C
(range 0.03 – 0.61 °C) for 2002, 0.34 °C (range 0.002 – 0.72 °C) for 2003, and 0.34 °C (range 0.01 – 0.68
°C). Data from the streams monitored by Mellina et al. (2002) and used in the development of their model
are included for comparative purposes (open circles).
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1.0 Introduction

This year-end report outlines the project methodology and provides the results of the
2004 data collected on the project streams.  In 2004 harvesting of the Tagai blocks was
completed and post-harvest data were collected.  The source distance of woody debris
was also collected this year.  We have used the data to determine post-harvest changes in
small stream environments and compared the results to the District Manager's policy.  A
summary of the extension activities conducted is included.

The main objective of this project is as follows:

To scientifically evaluate the effectiveness of the Prince George District Manager’s
Policy (PGDM) for Small Streams to maintain the necessary ecological attributes for
healthy fish habitat in small streams.  (Appendix 1)

The secondary objectives are to:

• Increase our understanding of natural functions of small streams in different forest
types in sub-boreal forests.

• Identify specific knowledge gaps in the management of small streams
• Identify critical components of small streams and the adjacent riparian areas in

sub-boreal forests that maintain stream productivity and protect other stream
values.

• Identify how riparian logging impacts the components of small streams.
• Contribute to the identification of key indicators of sustainable riparian forest

management.

The objectives have been divided into different components by the collaborative research
team:

The Ministry of Forests Regional Research is focusing on temperatures of small
streams,

P. Beaudry and Associates Ltd., is focusing on the physical aspects of small streams
and silviculture treatments in the riparian area,

Department of Fisheries and Oceans, Science Branch is focusing on the biological
aspects of small streams,

Prince George Forest District is assisting in harvesting two of the research streams,
and

Canadian Forest Products Ltd. has harvested the third research stream.

2.0 Methodology and Measurements

2.1 Research Streams
The experimental design of this study is based on a Before-after-control-impact paired
design (BACI-P) described by Schwarz (1998).  This type of design has at least two types
of sampling (before and after impact) in areas (treatment and a control) with biological
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and environmental variables being measured in all combinations of time and space.  The
BACI-P design pairs the surveys at several selected time points before and after the
impact.  The evidence of an impact is found by comparing the before and after samples
for the control site with the before and after samples for the treatment sites.  This contrast
is known as the area by time interaction.  This design allows for both natural stream-to-
stream variation and coincidental time effects.  A complete discussion of this approach,
including the advantages and pitfalls is provided in Schwarz (1998) and Smith et al.
(1993).  Note that the BACI-P design and its extensions are one of the best models for
impact assessment.  The design can show that observed differences in ecological
variables between the control and impact sites are neither artefacts of sampling nor due to
temporal trends unrelated to the impact.  The need to complete extensive pre-harvest
surveys is a fundamental requirement of the BACI-P design.

The analysis of the data is based on comparing the change in the mean values, for each of
the variables, from the two sampling occasions (i.e. pre- and post-harvest) between the
control and treated sites.  If the time trends, when plotted on a time series graph, are
parallel then no treatment impact can be inferred.  If the trend between the control and
impacts sites diverge then the inference is that the treatment has had an impact.  The
analytical procedure for this type of experimental design is fully explained in Schwarz
(1998).

The research streams are located across the Sub Boreal Spruce (SBS) zone to help
compare variations in vegetation, climate and terrain (Figure 1).  The research streams
have the following characteristics:

• Bank-full width between 80 and 160cm;
• Gradient less than 12%;
• Within 3 km of an existing road; and
• Within the SBS zone.

This year’s measurements provide post-harvest measurements for all research sites (Table
1).  The post-harvest measurements of Bowron and Tagai-13 were after the spring freshet
in year 1, while post-harvest measurements of the Chuchinka and Tagai-12 were before
spring freshet.

Table 1. Research Streams measured in 2004.

Block No. Plot No. BEC Year addedHarvested General area
Tagai-12 1, 2 SBSdw2 2000  Spring/Summer 2004 Tagai
Tagai-13 1, 2  2000  Winter 2003/04  
Tagai Control  2000   
Bowron-C Control SBSvk 2000  Bowron E side
Bowron T2  2000  Winter 2002/03  
Bowron T3 2000 Winter 2002/03
CHU-228 Control SBSwk1 2000 Chuchinka
CHU-228 1; 2 (now 25m)  SBSwk1 2000 Summer 2003  
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Figure 1. Location of the research and operational streams in the Prince George Forest Region.
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Below is a list of the data collected on the physical variables of the research streams in
2004.  The annual measurements taken in 2000-2003 are provided in previous reports (P.
Beaudry and Associates Ltd., March 2002; March 2003, March 2004).  The source
distance of all woody debris was added to the database.  All new large woody debris was
permanently marked with tree paint to ensure it is easily identifiable for future
measurements.

General stream identification

- plot number;
- forest licensee;
- block number;
- plot number;
- data collection date;
- initials of surveyors.

Large Woody Debris Data

For each new individual LWD piece, the following information has been collected:
- identification;
- diameter at thalweg;
- embededness;
- function;
- span;
- decay;
- orientation;
- source distance (m)
- comments.

Sediment Source Inventory Data

For each new individual Sediment Source, the following information has been collected:
- identification;
- productivity;
- type;
- area;
- activity;
- comments.

Riparian Shading

Every 5m the following information has been collected:
- Angular Canopy Densiometer readings. (Teti 2002)
- Record of vegetation species providing shade for the reading.
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Channel Characteristics Data

Every 2.5m the following information has been collected:
- Identification of type of habitat
- Bankfull width
- Bankfull depth
- Type of substrate
- D90

Riparian Tree Inventory

Information has been collected for trees greater than 2m in height, for 10 and 15m from
the streambank:
- Tree species
- Size class: 1) taller than 1.3m and less than 15 cm dbh; 2) 16-30 cm dbh; 3) greater

than 30 cm dbh.

The following table provides the definitions and categories for the measurements.  The
field measurements of the research streams are available in Appendix 2.

Table 2. Definitions and Categories of Measurements.

LWD  
Embededness Function (morph) Span (%) Orientation
1= not embedded 1= not functional 1= 0-25 1= across  
2= half embedded 2= functional at all flows 2= 25-50 2= parallel
3= fully embedded 3= functional at high flows 3=50-75 3= oblique
 4= debris jam 4= 75-100  
Decay Class General  
1= not decayed - Channel Span is the estimate of % of LWD
2= partially decayed - bark still exists across the stream.  
3= partially decayed - heart solid, some bark - If it "floats and is mobile at high flows it is not counted
4= partially decayed - heart soft, no bark - if "live" it is not counted  (i.e., a root)  
 - never count a piece twice, orientation across dominates
 - 5 cm diameter minimum measurement  
Sediment Source      Tree Tally  
Activity Types Productivity Rate Only those trees that are taller than
1= rarely 1= rootwad 1= low  breast height shall be tallied
2= high flows 2= eroding bank 2= medium  
3= all flows 3= road or crossing 3= high   
 4= machine   
Pool and Riffle         
- pool width = location at the deepest point of the pool Substrate  
- pool width crest = riffle width for pool calculations 1= silt 4=coarse sand 7= boulders
- a riffle must be caused predominantly by mineral 2= fine sand 5= gravel  
 substrate (i.e. not organic matter) 3= sand 6= cobbles  
- a "pool" must have a clear tail caused by a riffle (i.e. broken water flowing over relatively coarse particles)
- a "pool" must be distinctly deeper than the rest of the stream (i.e. glide or riffle).   
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2.1.1 Harvesting
Tagai - 13 was harvested in the winter of 2003/04, harvesting was started in late February
and was completed by April 2004.  Tagai 12 was harvested in the summer of 2004,
harvesting started in June and was completed in August 2004.  Contractors of BC Timber
Sales harvested the blocks using standard operational procedures.  Felling was conducted
with a combination of feller-buncher and hand falling in the riparian zone.  Skidding was
a combination of grapple skidding and line skidding.  Harvesting of the riparian area
occurred over a 4 week or longer time period in each block.  Due to the steep terrain
along the stream in Tagai-13 the operators found it difficult to obtain the minimum live
tree retention standards as set out in the PGDM policy and more stems were retained (18
trees per 100m >15cm diameter).  In Tagai-12 terrain did not limit harvesting and the
minimum retention level was obtained (12 trees per 100m > 15 cm diameter).

The riparian areas were marked-to-leave to ensure the minimum retention requirements
were met.  During harvesting, the operators were instructed that they could exchange a
marked tree for an unmarked tree of similar criteria.  Trees greater than 15cm diameter at
breast height where selected.  The final levels of retention achieved in the measured
reaches are provided in Table 8.  In both openings the 5m machine free zone was
maintained.  In Tagai-13 the understory vegetation was well protected, due to the gullied
terrain.  In Tagai 12 the understory vegetation was not as well protected.

Harvesting of Bowron and Tagai-13 occurred prior to spring run-off and the post-harvest
data includes the effects of the spring freshet.  The Chuchinka and Tagai-12 were
harvested after the spring runoff and the first year of post-harvest data does not include
effects of the spring freshet.

2.2 Operational Streams
The objective of the establishment and monitoring of the operational streams is to
describe operational application of the District Manager’s small stream policy across the
SBS Zone.  The streams we selected to measure have the same characteristics as the
research streams.  The operational streams include a wider variety of stand types and
substrates.  These streams were located across the range of moisture in the SBS zone
from the dry to the very wet subzones.  Figure 1 shows the location of the operational
streams in the different SBS subzones.  Another operational stream was harvested in
2004.  The harvested operational streams were re-measured and are listed in Table 3.

Table 3. Harvested operational streams measured in 2004 in the Prince George Forest
District.

Block No. Plot No. BEC Years measured Harvested General area
The Pas-211-43 19, 20 SBSmk1 2000, 2002, 2003, 2004 Wi 2000-01 Bear Lake
Dunkley-158-1 1, 2 SBSmk1 2000, 2002, 2003, 2004 Wi 2000-01 Dunkley
Canfor BNY-021 1, 2 SBSmk1 2002, 2004 Wi 2003-04 N. Fraser

The same physical measurements used on the research streams were measured on the
operational streams.  The pre-harvest measurements for the operational streams were
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somewhat different than the research streams.  Pre-harvest riparian shading was not
measured for two of the operational streams since it was too late in the year (2000) to
measure accurately.  Channel measurements in 2000 measured the individual pools and
riffles not an average bankfull width and depth every 2.5m.  Appendix 2 contains the
field data from the harvested operational streams.

3.0 Results

All of the 2004 data were added to the database, which is provided in Appendix 2.  For
each site measured in 2004, there is an excel database that contains three worksheets.
The worksheets contain the following information:

1. the large woody debris measurements, the ACD measurements;
2. the channel measurements;
3. the riparian tree inventory.

The results section summarizes the initial post-harvest results of the research streams and
the operational streams.

3.1 Stream Width and Depth
The range of the average stream bankfull widths and depths of the research streams have
varied over the time.  The reaches measured have increased slightly in bankfull width for
all the sites, however only the Tagai and Bowron reaches have a significant difference in
bankfull width measurements.  The change in bankfull width of the Tagai streams has
occurred both pre- and post-harvest (Figure 2).  The Bowron streams have 2 post-
treatment measurements (Figure 3).  The change in bankfull width for the Chuchinka
reaches is not significant (Figure 4).

Figure 2. Mean bankfull width (+ SE) in measured reaches in Tagai and the probability
that the means are equal for the reach.

0
20
40
60
80

100
120
140
160
180

Tag 12-1     
(p=0.04)

Tag12-2      
(p=0.01)

Tag 13-1     
(p=0.02)

Tag 13-2     
(p=0.01)

Tag C          
(p=0.02)

Streams (50m reach)

Ba
nk

fu
ll 

w
id

th
 (c

m
)

2002 pre-harvest
2003 pre-harvest
2004 post-harvest



S4 Riparian Guideline Monitoring for: Ministry of Forests Northern Forest Region

P. Beaudry and Associates Ltd 9 March 2005
Integrated Watershed Management

Figure 3.  Mean bankfull width of Bowron stream reaches (mean + SE) and probability
that the means are equal for the reach.

Figure 4.  Mean bankfull width of measured reaches in Chu-228 (mean + SE) and
probability that the means are equal for the reach.
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We compared the changes in stream width between the treatment reaches and the control
using an ANOVA (α = 0.10).  There was no significance in changes between the years,
sites or interaction for Chuchinka stream reaches.  There was not significant difference
for stream width by year or site for the Bowron.  The changes in Tagai stream widths
were not significant between years.  Tagai reach 13-1 width was close to the control and
different than the other sites; there are no significant differences between the other Tagai
reaches.

Bankfull depth in the measured reaches has varied, but there are no clear trends.  For the
Tagai reaches the pre-harvest bankfull depth was very different between the 2 pre-harvest
measurement years (Figure 5).  When year 2002 (pre-harvest) and 2004 (post-harvest) are
compared for reaches Tagai 13-1 and 13-2 there is no significant difference in depth
measurements, but Tagai 12-2 and control are significant at the 0.05 level and Tagai 12-1
to 0.01 level.  For the Bowron reaches, bankfull depth has varied significantly over time
with increasing one year and declining the next.  The increase in bankfull depth for the
Chuchinka reaches is significant for reach CHU-2, but not the other reaches.

Figure 5.  Mean bankfull depth of measured reaches in Tagai over time (mean + SE) and
the probability that the means are equal for the reach.
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Figure 6. Mean bankfull depth of measured reaches in the Bowron (mean + SE) and the
probability that the means are equal for the reach.

Figure 7. Mean bankfull depth of measured reaches in Chu-228 (mean + SE) and the
probability that the means are equal for the reach.
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(bankfull widths decreasing in 2003 and increasing in 2004).  The bankfull depth of one
reach in BNY-021 was significantly deeper post-harvest, while the depth increase in the
other reach was not significant.  One reach in 158-1 has significantly decreased bankfull
depth post-harvest while the other reaches have not significantly varied in depth.

Table 4. Mean bankfull width and bankfull depth (+ SE) of measured reaches (50m) for
three harvested operational streams.

Bankfull
width

158-1 158-2 211-43-19 211-43-20 BNY-01-1 BNY-01-2

2002 86 + 5 77 + 6 91 + 5 92 + 5 95 + 7 108 + 7
2003 79 + 5 56 + 6 83 + 7 84 + 6
2004 108 + 8 98 + 7 105 + 8 99 + 5 140 + 6 123 + 8

p 0.01 0.00 0.07 0.16 0.00 0.13
Bankfull
depth

158-1 158-2 211-43-19 211-43-20 BNY-01-1 BNY-01-2

2002 25 + 2 23 + 2 20 + 2 22 + 1 19 + 2 29 + 3
2003 19 + 1 20 + 1 17 + 1 18 + 1
2004 18 + 1 23 + 1 22 + 2 22 + 1 31 + 2 36 + 3

p 0.00 0.17 0.11 0.01 0.00 0.13

3.2 Watershed Area

For the research streams the watershed area was determined from the lowest sampling
point on the stream (Table 5).  The amount of harvesting in the watershed was
determined from TRIM maps and forest development plans.  The digital files for recent
harvesting were not available, so these areas were added manually from existing maps.
The Bowron and Tagai treatments and control sites are on different streams however the
watersheds at each location are of similar magnitude.  The Chuchinka sites are on the
same stream with the control located upstream of the harvested block, so the control
watershed is smaller in size than the treatment watersheds.

The Chuchinka and Bowron treatment watersheds have an average of 20% watershed
harvested, while the Tagai has 50 and 85% watershed harvested.  Some of the blocks in
the Tagai watersheds are older and close to "hydrological green-up".  Only the Bowron
control watershed has no harvesting, while there is 27% of the Chuchinka and Tagai
control watersheds harvested.  Images of the watersheds are provided in Appendix 3.



S4 Riparian Guideline Monitoring for: Ministry of Forests Northern Forest Region

P. Beaudry and Associates Ltd 13 March 2005
Integrated Watershed Management

Table 5. Watershed area and percent harvest.

3.2 Shading
Shading values were obtained with an instrument that measured the Angular Canopy
Density (ACD) of the riparian stand adjacent to the stream.  Average post-harvest
shading at the Tagai sites was 68% of the pre-harvest level.  Tagai-12, which was more
heavily logged had 63% of pre-harvest shading while Tagai-13 had 81%.  At the Tagai
sites alder, slash, retained spruce, shrubs and some herbs provided shading.  The second
year post-harvest at the Bowron site there was no increase in shading, while the
Chuchinka site decreased in shading to 60% from 80% pre-harvest shading (Figure 8).

Figure 8.  Mean angular canopy density for research streams

For the operational streams, there has been a slow increase in shading since the initial
decrease the first year post-harvest (Figure 9).  The initial post-harvest shading for all 3
streams met the DM policy requirement of retaining 50-70% of pre-harvest shading.  The
ACD has not attained the assumed pre-harvest level.  Two of the operational streams
(158-1 and 211-43) were sampled late in the first year and did not have pre-harvest ACD
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measured.  However these streams were both in spruce dominant stands and an ACD of
71% was assumed (P. Beaudry and Assoc. Ltd 2003).  BNY-21 was a lodgepole pine
dominant stand and pre-harvest shading was measured in 2002.

Figure 9. Mean angular canopy density for 3 operational streams.

3.3 Sediment Sources
In mature pre-harvest stands an average of 0 to 3 sediment sources are present every 50
m, usually providing sediment at high flows (P. Beaudry and Associates Ltd. 2003).  In
the two years post-harvest on the Chuchinka site no new sediment sources have occurred
(Table 6).  For the Bowron sites, the access road crossed the eastern end of one of the
plots in 2003 and created one new sediment source; in 2004 there were no new sediment
sources.  In year two post-harvest both the Bowron and Chuchinka sites have lower levels
of windthrow than in year 1.  The Bowron and Chuchinka control sites had no windthrow
or new sediment sources.

New sediment sources occurred one year post-harvest on the Tagai harvested reaches
(Table 6).  More sediment sources occurred on Tagai-13 than Tagai-12.  The new
sediment sources were from post-harvest windthrow.  There were no new sediment
sources in the Tagai control, though some windthrow occurred on the Tagai control.

Table 6.  Number of sediment sources and new LWD accumulation of research streams
(over 50m stream length).
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Area Year of
measurement

Annual
windthrow > 5
cm diameter at

thalweg

Total number
of sediment
sources per

50m
2004 post-harvest 14 2.25
2003 pre-harvest 0.3 1

Tagai (Tagai-13.
Tagai-12)

2002 pre-harvest 2 1
2004 post-harvest 0.5 1
2003 harvest 0.5 1

Chuchinka

2002 pre-harvest 0 1
2004 post-harvest 2.5 3
2003 post-harvest 7 3

Bowron (T2, T3)

2002 pre-harvest 0 2

No new sediment sources occurred along the operational stream segments.  However,
new windthrow was recorded at all 3 operational streams.  There were no new sediment
sources on the operational streams in 2004, and only one new sediment source has
occurred in 4 years since harvesting in 211-43.

3.4 Large Woody Debris and Riparian Retention
3.4.1Source distance
This year the source distance of the large woody debris was measured where possible
(30-50% of all woody debris pieces in a reach).  Source distance was measured from
where the piece of large woody debris crossed the streambank along the bole to the point
of germination.  The source distance was determined more frequently for LWD pieces
that were larger diameter, not decayed and above the stream high flow level.  Sixty-seven
to 92% of the large woody debris had a source distance within 10m of the stream when
measured along their bole (Table 7, Figure 10).  The maximum source distance was
longer in spruce dominant stands than in lodgepole pine dominant stands.  When we
calculated source distance and included the woody debris from post-harvesting
windthrow mean source distance increased.
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Table 7. Mean source distance of woody debris and percent of woody debris source
within 10m of the stream.  Source distance measured along the stem of the woody
debris for woody debris 5cm and larger at the thalweg.

Stream Number
of

samples

Mean source
distance

(m)

Maximum
source

distance (m)

LWD
source
<10m

LWD
source
<5m

Dominant
canopy
species

Subzone

Tagai 190 6.1 18.7 79 % 57% Pl SBSdw2
BNY-021 24 3.5 12.4 92 % 67% Pl SBSmk1
158-1 45 5.9 13.6 91 % 42% Sx SBSmk1
211-43 41 6.6 22.0 73% 46% Sx SBSmk1
Chuchinka 47 7.2 32.3 72% 62% Sx SBSwk1
Bowron 73 7.0 21.1 67% 41% Sx SBSvk

Figure 10. Cumulative percent of large woody debris by source distance by orientation
for Chuchinka stream reaches.  Source distance is the length along the bole

We have summarized the large woody debris by orientation.  For woody debris orientated
"across" the stream the source distance along the bole is equal to the distance away from
the stream bank (Figure 11).  These pieces comprise 16 to 30% of the total woody debris
in the reach (45-74% of measured woody debris).  For woody debris oriented across the
stream source distance was determined more frequently for LWD pieces that were large
diameter, not decayed and above the stream high flow level.  The source distance for the
decay class 4 pieces was more frequently identified for sources < 5m from the stream.
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The woody debris orientated across the stream has a longer maximum and mean source
distance in spruce dominant stands than in lodgepole pine dominant stands.

Figure 11.  Cumulative percent of large woody debris orientated "across" the stream by
source distance for the research stream reaches.

3.4.2 Riparian Retention
The changes in the riparian stands at Tagai from pre- to post-harvest are presented in
Table 8.  In the larger diameter classes most of the merchantable timber was removed.
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understory is also reflected in the retention in stream shading at above 60% of pre-harvest
levels (section 3.2).
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Table 8. Change in riparian stand (20m wide x 50m long) with harvesting (no control data
included).

Opening
Year of

measurement

Average #
stems

>1.3m -15 cm

Average #
stems

15-30 cm

Average #
stems

>30 cm
LWD input
>15cm dia

LWD input
5-15cm dia.

Tagai post-harvest 2004 109 4.5 1 7 7
Tagai pre-harvest 2001 110 58 19

Chu-228 post-harvest 2004 30 8 1 0.5 0.5
Chu-228 post-harvest2003 35 5 5 0.5 0
Chu-228 pre-harvest 2002 22 14 14

Bowron post-harvest 2004 104 6 0.5 0.5 0
Bowron post-harvest 2003 128 7 1 3 4
Bowron pre-harvest 2002 178 35 19

After harvesting the Tagai site there have been additions to the in-stream large woody
debris (Table 8).  Similar to the harvesting at the Chuchinka and Bowron sites a few
additions to in-stream woody debris were from trees felled during harvesting.  As
discussed with the harvesting contractors, trees that fell over the stream and could not be
removed without damage to the streambank were left.  Along the stream in Tagai-13
more trees were retained than Tagai-12 and there was more post-harvest windthrow.
Post-harvest windthrow over the stream was 9 trees > 12.5 cm / 50m for Tagai-13 and 6
trees > 12.5 cm / 50m for Tagai-12.  In the control at Tagai windthrow was 2 trees
>12.5cm/50m.

Low levels of post-harvest windthrow were measured at the Bowron and Chuchinka sites
in 2004.  Along the control sections of the Bowron and Chuchinka research sites there
was no new windthrow.

The retention along the entire length of the stream was tallied for the Tagai sites.  Table 9
shows that standing trees in the riparian area were above the minimum requirements for
the DM policy in the two harvested streams.  Of the original trees marked for retention
30-50% had been windthrown with harvesting or been felled and traded for another tree.

Table 9. Standing trees retained along the entire stream within the block.

Site Standing trees >
12.5cm dbh/ 100m
May 2004

Standing trees >
12.5cm dbh/ 100m
August 2004

DM Policy
minimum per
100m

Tagai-12 not harvested 13.8 10-12
Tagai-13 18 15.3 10-12
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3.4.3 Operational streams
Since harvesting of the operational streams, the number of retained medium sized (12.5–
32.5 cm dbh) and large sized (> 30 cm dbh) stems have declined over time (Table 10).  In
211-43 continued suckering of trembling aspen and release of subalpine fir advance
regeneration has resulted in increased number of stems >1.3m in height and < 15cm
diameter.  Release of the advance regeneration was not observed in 158-01.

Table 10. Change in the riparian stand of the operational streams (20m x50m).

Opening
Year of

measurement

Average #
stems

>1.3m -15 cm

Average #
stems

15-30 cm

Average #
stems

>30 cm
LWD input
>15cm dia

LWD input
5-15cm dia.

post-harvest 2004 80 6 0 2.5 0
post-harvest 2003 84 8.5 0 0.5 2.0
post-harvest 2002 88.5 10 0 3.5 3.5
post-harvest 2001 98 15 0 1.5 2.0

158-1 pre-harvest 2000 145.5 33 26.5 0 0

post-harvest 2004 160 5.5 2 1.5 0
post-harvest 2003 136 7 2 0.5 0.5
post-harvest 2002 93 7 1 1 0.5
post-harvest 2001 55.5 23 1.5 0 0

211-43 pre-harvest 2000 131 11 17 0 0

1 year post harvest
2004

80 21 2 1 0

BNY-021 pre-harvest 2002 113 47 6 0 0

Windthrow has occurred every post-harvest year along the operational streams.  Some of
these stems are being recruited for LWD (Figure 12).  On the operational sites over the
first couple of years post-harvest the average number of trees blowing down and landing
over the stream creating LWD is ~5 stems/ 100m/year (>5cm diameter at the thalweg);
and of these ~2 per 100m is >12.5 cm diameter.
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Figure 12.  Count of windthrow (stems >5cm diameter over thalweg) for the operational
streams.

4.0 Discussion

4.1 Achievement of the minimum District Manager's policy on
the research sites.

Prince George District Manager's small stream policy objectives are provided in
Appendix 1.  The first objective of the policy is to maintain 50-70% of stream shading.
The 2004 harvesting at the Tagai research sites met this target, with 63% of original
shading on Tagai-12 and 81% on Tagai-13.  Tagai-12 had more overstory removal and
more reduction in the understory than Tagai-13, which is reflected in lower shading
levels.  The second year post-harvest at the Bowron site there was no change in shading,
while the Chuchinka site had a decrease in shading reducing from 80% to 60% of pre-
harvest shading.  Chuchinka was harvested at the time of sampling in 2003 and the shade
reduction of 2004 may be better capture the treatment effect.  The operational sites better
represent current operational harvesting retention levels in the Prince George District, and
had maintained ~68%of pre-harvest shading in the first year post-harvest, which at 4
years post-harvest has been the lowest shading measured.

The second objective of the District Manager's policy is to maintain an adequate long and
short-term supply of large woody debris (LWD) in the stream channel.  The standing
trees retained on the Tagai sites are summarized in Table 10.  The trees retained that were
still standing post- harvest are close to the minimums identified in the DM Policy,
however retention on both of these blocks was higher than the minimums.  In particular
Tagai-13 had high retention levels as the gully along the stream on the east end of the
block limited machine accessibility.  Most of the trees were left at the downstream end of
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the block and many of the trees have fallen down.  The initial post-harvest assessment of
Tagai-13 in May 2004 had a standing tree average of 18 stems per 100m, and an average
of 22 new windthrow stems per 100m.  In Tagai 12 a few trees were felled and left over
the stream to avoid damage to the stream banks.  Tagai-12 was closer to the minimums in
the DM policy and similar to retention levels at the Bowron and Chuchinka sites.  The
average number of standing trees along Tagai-12 was 13.8 stems per 100m immediately
post-harvest (Table 9) and 2.6 "marked" windthrow.  These high levels of retention in
Tagai-13 have provided more large woody debris to the stream than the minimum
identified in the DM policy.

No LWD was removed from the stream channel during harvesting on the Tagai sites.  It
is expected that LWD existing pre-harvest will provide the short-term supply of LWD.
Mellina's (1996) results indicate that LWD existing in small streams in the SBS zone will
last a minimum of 25 years.

The third objective is to maintain natural root structure adjacent to streams with particular
emphasis on minimizing soil disturbance within 5 meters of the stream channel.  At the
Tagai sites a 5m machine-free zone was maintained along the streams.  In Tagai-13 the
gully on the east end of the block resulted in no machine traffic within up to 20m of the
stream tapering to narrower machine free zone as the gully narrowed.  In Tagai-13 in the
gully the understory vegetation was protected.  The 5 m machine free zone in Tagai-12
was maintained, however gentler terrain resulted lower protection of the understory
vegetation along the stream.  For both streams harvesting occurred within the 10 m
riparian area but mineral soil was not exposed.

The fourth objective is not to overload the stream with an excessive supply of fine
organic debris (FOD).  Both Tagai blocks were whole-stem harvested with bucking and
delimbing at the landings.  In Tagai-12 a few tops were left in the stream from harvesting,
none were noted in Tagai-13.  However the high levels of post-harvest windthrow in
Tagai-13 has resulted in many tops over the stream.  In Tagai-12 gentler terrain resulted
in fewer post-harvest windthrow tops over the stream.  At the Chuchinka and Bowron site
bucking and delimbling occurred at the landings and few tops were recorded in the
stream.

The fifth objective is to concentrate retention in the most critical portion of the RMZ, the
10-15 meters closest to the stream.  In the Tagai most of the retained standing stems are
within 10m of the stream (Table 10).  The understory (trees <15cm diameter) was well
protected on all 3 research sites.

4.2 Windthrow, Sediment Sources and Shading

Post-harvest windthrow has been low on all the measured reaches except Tagai-13 where
retention was high due to operational constraints (Table 8).  The only control site that had
windthrow was the Tagai site, which has also had windthrow during pre-harvest
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measurements.  Lodgepole pine dominant stands were identified in the DM Policy for
small streams as having high windthrow potential, which has occurred at Tagai-13 site.

Linked with windthrow is the creation of new sediment sources.  The high levels of
blowdown at Tagai-13 have created several new sediment sources in the stream.  At the
other research sites one new sediment source been created by road construction.  The
sites with low levels of retention have not increased the number of sediment sources
along streams.

At the research sites shading has been reduced 2 years post-harvest.  At the Chuchinka
site measurements were taken immediately after harvesting and may not have reflected
vegetation loss at the time of damage.  At the Bowron site blowdown has contributed to
reduced shading.
On the operational sites, where retention was higher, harvesting significantly reduced
stream shading 1 year after harvesting (P. Beaudry and Associates Ltd. 2004) with
recovery starting in the second year.

4.3 Stream Width and Depth

The range of the average stream bankfull widths and depths of the research streams have
varied over the time.  The reaches measured have increased slightly in bankfull width for
all the sites, however only the Tagai and Bowron reaches have a significant differences in
bankfull width measurements.  When the change in bankfull width is compared to
changes in the control reaches the change in the Bowron reaches were not significant and
only Tag-13-1 was significant different than the other reaches with the increase in Tag-13
-1 bankfull width close to the control.  The changes noted in bankfull width can be
attributed to a couple of sources.  There is a measurement error since we have taken
annual measurements at the same location but not necessarily from the same points on the
bank.  We have measured perpendicular to the thalweg of the stream at those points; the
thalweg location could move with stream depth.  Secondly the change in average bankfull
width may not be effected by the treatment yet.  There has only been one spring freshet
received by the Chuchinka and Tag-13 sites and two spring freshets on the Bowron site.
Thirdly the upstream watershed disturbance is quite different on these sites with high
levels of harvesting in the Tagai watersheds and lower levels in the Bowron and
Chuchinka watersheds.  Processes from the entire watershed will effect changes in stream
width and depth, not just the treatment block.

Bankfull depth in the measured reaches has varied.  There was no significant difference
for treatment or year for the Chuchinka and Bowron reaches when compared to the
control reach.  For the Tagai reaches the treatments and the years are significantly
different from the control reach.  There may be problems in our method for measuring
mean bankfull depth.  The two pre-harvest measurements at the Tagai site were
significantly different.  This difference could be attributed to a measurement error or it
may be due to depth differences caused by localized scouring and deposition.  These
annual measurements were separated by a spring freshet, which could change bankfull
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depths in this fine-textured substrate.  The changes in depth of Tagai-12 are significantly
different than those of Tag-13 when compared to the control.  The difference in the two
streams can be attributed to the deeper reach of Tagai-12 that comes from a continuous
stream while Tagai-13 has a shallower reach that drains an upstream wetland.

There has not been a treatment effect identified for stream depth, however the treatments
were very recent and the root systems along the streambanks have not had time to decay.

The operational sites have significantly increased in bankfull width for 4 of the 6 reaches
measured.  However in year 2003 the width measurement for all reaches was narrower.
The increase in bankfull width is small and could be attributed to a treatment effect or
measurement error as described for the research streams.  The changes in bankfull depth
are mostly not significant, however one reach has significantly increased in bankfull
depth while another reach has decreased.  The treatments were quite recent and may not
be affecting the stream.  The reach that has increased in depth is downstream of a road
crossing and may have increased runoff entering the stream.

4.4 Source Distance
The source distance was determined more frequently for LWD pieces that were larger
diameter, not decayed and above the stream high flow level.  These LWD pieces
represent LWD from the existing mature stand but may not be representative of an old
growth stand.  Source distance was rarely determined for older, more decayed LWD;
when identified the source was close to the stream providing a bias to the mean source
distance.  When we calculated source distance and included the woody debris from post-
harvesting windthrow the mean source distance increased, this may be because recent
windthrow is from the mature stand, and older windthrow was from a younger stand of
shorter trees.

The maximum source distance measured was longer in spruce dominant stands than in
lodgepole pine dominant stands.  The longer spruce source distance corresponds to taller
tree heights in spruce stands over 100 years old than lodgepole pine stands (Thrower et
al. 1994).  McDade et al 1989 also attributed source distance to tree height, they found
53% of conifers and 83% of hardwoods within 10m of streams (1, 2 and 3rd order coastal
streams) and 70% of the large woody debris from within 20m of the stream channel.  In
general the wetter Sub-Boreal Spruce subzones have longer LWD source distances, this
may be due to more spruce dominant stands in wetter subzones or the longer stand
disturbance cycle in wetter subzones resulting in older, taller trees.

The species that was dominant in a stand had the longest source distance for LWD.  The
dominant species in a stand has more stems than other species providing a larger chance
for a stem of the dominant species to enter the stream.  For lodgepole pine dominant
stands the longest source distance were for lodgepole pine and for white spruce dominant
stands the longest source distances were for white spruce or balsam fir.

Since distance was measured along the bole rather than perpendicular to the stream we
used orientation of the LWD to identify LWD that had distances perpendicular to the
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stream bank.  The LWD oriented "across" have a sampling bias of younger, large
diameter and not decayed LWD being measured more frequently.  Using only LWD
oriented "across" removes the pieces oriented "parallel" would provide more short source
distances but this is balanced by the over sampling well decayed stems (decay class 4)
close to the stream.  When you look at the source distance over a cumulative percentage
(Figure 10) the LWD oriented "across" follows the same line as all the LWD pieces
measured.  This suggests that the percent of LWD found within 5 or 10m of the stream
will be similar regardless if you measure it along the bole or perpendicular to the stream.
Thirty eight to 70% of LWD oriented "across" comes from within 5m of the stream bank
and 66 to 100% has a source distance of 10m from the stream bank.  The LWD orientated
"across" the stream has a longer maximum and mean source distance in spruce dominant
stands than in lodgepole pine dominant stands.

We measured LWD to 5 cm diameter rather than the standard 10 cm diameter at the
thalweg.  We calculated separately the source distance of the small LWD (5 to 10 cm
diameter).  For the Bowron and Chuchinka these small pieces either had a source distance
within 5 m of the stream (50-67%) or greater than 10 m of the stream (tops of trees).  For
the Tagai the source distance varied, with 33% within 5 m of the stream (alder, roots,
small trees), 60% within 10m and the rest farther away.

The source distance data support the District Manager's policy of concentrating retention
within 10m of the stream, since 66 to 100% of woody debris originated within 10m of the
stream bank for mature stands.  Murphy and Koski (1989) measured similar source
distances finding 78% of LWD originated within 10m of the stream bank on 8-11m wide
coastal streams.

4.5 Large Woody Debris Modeling

There is concern whether the existing minimum requirements in the Prince George Forest
District of 10-12 stems per 100m will be adequate to retain LWD in small headwater
streams over the rotation in BC's Interior.  We adapted Murphy and Koski (1989) model
to assess long-term changes in LWD in streams using local data to determine if the
minimum requirements are sufficient.  The model corroborates other studies that show
little input to streams from second-growth stands (Andrus and al. 1988; McHenry et al.
1998) for at least 50-60 years.  Several trends in LWD quantity with forest age have been
reported, however the U shaped curves have been found to be the most common in BC
(Feller 2003).  The U shaped curve describes the amount of LWD by stand age.  In young
stands (0-50 yrs) the LWD is mostly legacy material which declines in stands from 51 to
200 years old and then increases in older (> 400 year old) stands (Clark et al 1998).  The
concern is that in a managed landscape where stands were consistently harvested at ages
of 80-120 years LWD volumes would be low because of the limited input from the
current stand and reduced legacy from the previous stands.

The model (Murphy and Koski 1989) will predict the amount of LWD that will disappear
during a timber-cutting rotation.  This model was developed for coastal old growth
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forests.  The model predicts the total amount of LWD for a particular diameter class in
the stream at a future point in time.  The amount of LWD is the sum of the remnant LWD
and the accumulated new LWD from the buffer strip and the second growth stand. The
model is

Tt = OGt + Bt + SGt.

where Tt is the total amount of LWD present at year t after logging, OGt is the amount of
remnant LWD, Bt and SGt are the accumulated amounts of new LWD from the buffer
strip and the second growth stand.

To apply this model to small streams in stands in the SBS biogeoclimatic zone we used
the values from our plots for pre-harvest LWD (OGt), contributions by the buffer strip
(Bt) and source distance.  Data from literature was used to approximate decay rates and
the Ministry of Forests tree and stand model (TASS) was used to model growth of the
second growth stand.

The second growth stands were grown in the stand model with a site index (SI50)
determined from ecosystem classification (SIBEC).  The riparian ecosystems adjacent to
small streams had the same SI50 across the biogeoclimatic zone for each species.  The
SI50 for lodgepole pine is 21m and for white spruce and subalpine fir are SI50 = 18m.
Growth in the stand model was adjusted to reflect reduced growth rates of second growth
riparian stands due to light competition from retained stems and understory vegetation.
We modeled LWD greater than 15 cm in diameter as little of the LWD < 15 cm (small
trees, tops, branches, alder) is included in stand models.

Decay rates were identified from literature from western Canada and northwest US
(Table 11).  Most of the decay rates were derived from woody debris decaying in the
forest, few studies identified decay rate of woody debris in streams.

Table 11. Decay rates by species from literature

Species Decay constant
In-stream wood 0.007-0.0015
Lodgepole pine 0.05 - 0.004
White spruce 0.02-0.0071

One study of small streams in the foothills of Alberta determined persistence of white
spruce in decay classes 3 and 4 to be 49 to 147 years (k~0.008), and for lodgepole pine it
ranged from 25 to 70 years (k~0.018) with an average rate k=0.0067 (Daniels and
Powell, 2003).

Figure 13 shows the results from the model, the lines represent the input from the various
LWD sources, with the brown line displaying the total large woody debris over time.
The management target is to maintain woody debris levels at 100% of the old-growth
stand.  Initial model results for lodgepole pine indicate that the minimum buffer retention
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of 10-12 trees/100m provide sufficient short term woody debris but a decline in woody
debris over the long term.  Similar results were found for spruce stands.  This U shaped
distribution of woody debris is typical of terrestrial woody debris, as the stand ages the
older stand is expected to provide more woody debris (Feller 2003).

Figure 13. Lodgepole pine stand with variable inputs of second growth LWD (decay
constant k = 0.01)

This model provides an initial prediction of the decay of woody debris in the stream.
There are notable uncertainties in these results.  There are two main concerns with the
decay rates.  The model assumes there is exponential decay of LWD.  Studies have
shown that decay of LWD follows several phases of decomposition (Harmon et al 2000,
Laiho and Prescott 1999).  A 3 or more stage decomposition function for the woody
debris would be closest to the understanding of how decay occurs.  Secondly few decay
constants have been determined for species in the SBS biogeoclimatic zone, the rates
identified in literature (Table 11) range widely due to piece size, moisture, amount of
bark, amount of contact with ground, etc.  Wei et al (1997) and Mattson et al. (1987)
found wood on the ground decomposed faster than suspended wood.  Guyette et al (2002)
found LWD can reside for an order of magnitude longer in freshwater-riparian
ecosystems than in comparable above-ground terrestrial ecosystems.  A model with
several phases of decomposition could incorporate different decay rates for suspended
LWD (woody debris above high stream flows), LWD functional at high stream flows and
embedded LWD.

The second growth stand has been grown in a stand model developed for open grown
clearcuts.  The competition for light and nutrients in a partially cut riparian ecosystem
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may not be well modeled for both the retained stems and the second growth.  However no
stand models for multistoried stands have been calibrated for the SBS biogeoclimatic
subzone.  Input of LWD in a stream is episodic, the model has been adjusted so there was
variability in the second growth stand input rate with inputs occurring at stand closure
and stem exclusion phases.  The process of LWD entering a stream smoothes the episodic
input of LWD.  Most large woody debris is suspended over the stream and as breakage
occurs slowly becomes incorporated into the stream.

The model shows that long-term large woody debris will be a concern with shorter
rotations when there is low retention along streams.  Since the target in the model is to
maintain LWD at old growth levels (> 200 years) when the stand has the highest level of
woody debris present (Clark et al 1998) shorter rotations will reduce long term LWD.
When the Prince George District Manager's Policy for small streams is applied
operationally more stems are retained (Table 10) than what was modeled.  Higher
retention would increase the contribution of the buffer to LWD in Figure 11.  Many small
streams are included in wildlife tree patches, biodiversity reserves or located on the side
of the block, these strategies provide high retention levels.  Another operational trend is
to leave more understory stems and remove the dominant stems along small streams.
This reduces the risk of creating sediment sources but removes the source of the largest
woody debris.  Also the understory stems tend to be less windfirm and may not provide
woody debris later in the rotation.  A range of stem sizes should be left.

5.0 Extension Activities

Leisbet Beaudry presented the initial modeling results of decay rates of large woody
debris in small streams at the Forest Land-Fish Conference II in Edmonton, Alberta,
April 26-28, 2004.  Over 230 delegates attended this conference many from Alberta and
BC.  The conference proceedings were published for conference delegates and are
available on the Trout Unlimited webpage
http://www.tucanada.org/forestlandfish2/cfp.htm.  A copy of the abstract is provided in
Appendix 4.
Citation: Beaudry, L.  2004.  Large woody debris replacement in small headwater streams
in central British Columbia.  In: Scrimgeour, G., G. Eisler, B. McCulloch, and U. Silins
(Eds).  Forest Land - Fish II Conference: Ecosystem stewardship through collaboration.
Proceedings of the 2004 Conference, April 2004, Edmonton, Alta.

P. Beaudry and Associates Ltd coordinated the incorporation of editorial comments to the
current submission to Streamline and ensured they were reviewed by the research
partners.  The article was then resubmitted to Streamline.  Upon the request for more
revisions the research partners decided not to continue with the submission

P. Beaudry and Associates Ltd. extended the research results to field practitioners and
local policy makers.  In May 2004, P. Beaudry and Associates Ltd. compared streamside
management practices outlined in a Local Resource Use Plan (LRUP), the Forest Range
and Practices Regulation in FPRA, and the practices being tested in this project for
Canadian Forest Products Ltd., Prince George.  P. Beaudry and Associates Ltd. also
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provided input on small stream management based on the interim results of this project to
Canadian Forest Products Ltd. for their Forest Stewardship Plan.

The Riparian Management Course for Small Streams was updated and presented on
March 15 and 16, 2005. The course highlights the initials findings of this research project
and results from other small stream projects from the northern interior of British
Columbia. Specific topics in the course are natural stream shading, large woody debris,
stream bank protection, the prevention of mineral and organic fines from reaching the
stream channel, maintenance of channel morphometrics, aquatic nutrient regimes, benthic
invertebrates, periphyton biomass, harvesting and silviculture options. The course
registration, room, and catering was organized by UNBC Continuing Studies. The course
was filled within days of the course announcement so a second course was added. The
course announcement, list of participants and the evaluation form are provided in
Appendix 4. Around 60 people attended the courses and 44 participants responded to the
evaluation forms. A summary of the course results portion of the evaluation form is
provided in Table 12.

Table 12: Small stream course evaluation form responses.

Question on Course Results Strongly
Agree

Agree Neutral Disagree Strongly
Disagree

The course increased my knowledge of
small headwater stream functions in the
central interior of BC.

7 32 5

The course increased my knowledge of
the effects of forest practices on small
headwater streams.

5 27 12

The course increased my awareness of the
small stream research project results.

8 36

I will be able to use what I learned in this
course to identify risks to headwater
stream functions.

4 31 8 1

I will communicate the results of this
course to co-workers.

7 28 8 1

I will recommend this course to others. 4 34 5 1

Over 80% of the respondents agreed or strongly agreed that the course increased their
knowledge of small headwater stream functions in the central interior of BC and the
effects of forest practices on small headwater streams. Considering that a large portion of
the audience included practitioners in this field this is very positive feedback. Several
comments indicated that the integration of the fish, forestry, hydrology and aquatic
biology was very useful. Eighty percent of the respondents agree that they could use the
knowledge from this course to identify risks to headwater stream functions.  Eighty
percent of the evaluation respondents plan to communicate the information from this
course to co-workers and 86 % will recommend this course to co-workers. A significant
portion of the participants found it very useful to learn about the Prince George District
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Manager Policy. The participants had not heard of the work developing and testing this
policy as a best management practice for small streams. Suggestions for additional
material included more information on best management practices, the impact of
mountain pine beetle on small streams, and information on similar projects in the future.

A workshop was presented on March 17, 2005 to present the current research results,
receive input from the project partners, and identify direction for the next year of the
project.  The workshop agenda and attendees are provided in Appendix 4.  The workshop
provided a good venue for discussion.  As the data were presented questions on sampling
methods and results were posed.  Many of the attendees wanted copies of these data
presentations.  At the end of the workshop broader questions about the research were
discussed including the following points.

• Applicability of information to other areas;
• Lack of distribution of the Prince George District Manager policy to practicing

foresters in other Forest Districts;
• How do these results transfer to mountain pine beetle areas where high levels of

cut are planned;
• Plans for longer term sampling of sites;
• What about next step in adaptive management;
• How do you place this research into the broader watershed perspective;

These broad questions reflected the interest in expanding the research to more areas and
wider issues.

6.0 Summary

The post-harvest results indicate that goals outlined in the Prince George District
Manager's policy for small streams can be achieved with operational harvesting.  This has
been achieved on all the research and operational streams.  An increased understanding of
small stream requirements and increased costs of partial cutting has generally resulted in
higher levels of retention than the minimums in operational practice.

The bankfull widths have increased slightly and bankfull depths have varied but are not
significant so cannot be attributed to treatment effects.  The existing harvesting activities
throughout the entire watershed of these streams are also contributing to changes in
bankfull width and depth, not just the activities in the riparian zone.

High retention levels in on one section of the lodgepole pine site have corresponded with
high windthrow levels and creation of new sediment sources.

Sixty-six to 100 percent of the large woody debris in these small streams originated
within 10m of the stream bank.  These measurements support the Prince George District
Manager's policy of concentrating retention for future large woody debris within 10m of
the stream bank.  The mean source distance of large woody debris in mature spruce
stands was longer than lodgepole pine stands and was attributed to tree height.
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The large woody debris modeling data indicate a potential decline in large woody debris
in the long term at the minimum retention levels in the Prince George District Manager's
policy for small streams.  The higher retention levels that occur with the operationally
application of this policy will reduce this risk.  Operational strategies of locating small
streams in wildlife tree patches, biodiversity reserves or on the side of the block, will
provide high retention levels reducing this risk.

There was a high level of interest in our research results and the small stream course
developed from this research project.  There was interest expressed by the partners and
Ministry officials to extend the research both at the existing sites and into areas with
Mountain Pine Beetle.
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Appendix 1.  Prince George District Managers Policy for Small Streams
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In June of 1999, the District Manager (D.M.) of the Prince George Forest District presented a policy
for managing the riparian areas of small fish-bearing streams.  The policy was established because of
concerns expressed by resource agencies about the level of tree retention in riparian areas of S4
streams and the need to meet the intent of Section 41 of the Forest Practices Code (i.e. adequately
manage and conserve).  The Policy was implemented with the intent of using an adaptive management
approach.

Summary of the Prince George D.M. Policy

Title of Policy: Policy for Maintaining the Biological and Physical Attributes of S4, Small Fish-
bearing Streams.

Purpose of Policy: The purpose of this policy is to communicate the guiding principles that the
District Manager will use to structure his thought processes when making a
statutory decision with respect to Section 41(1) of the Forest Practices Code of
British Columbia Act.

Policy Objectives:
#1: Maintain 50 to 70% of the natural levels of shading and light intensity reaching the stream

surface and forest floor.  Shading is assessed using the concept of angular canopy density.
#2: Maintain an adequate long and short-term supply of large woody debris (LWD) in the stream

channel
#3: Maintain natural root structure adjacent to streams with particular emphasis on minimizing soil

disturbance within 5 meters of the stream channel.
#4: Do not overload the stream with an excessive supply of fine organic debris (FOD).
#5: Concentrate retention (both patch and single tree) in the most critical portion of the RMZ, that is

the 10-15 meters closest to the stream.

In the fall of 2000, the BC Ministry of Forests decided to initiate a scientifically rigorous project to
measure and quantify the effects of the policy on fish habitat and therefore complete the adaptive
management process.  The BC Ministry of Forests defines adaptive management as a formal process
entailing problem assessment, study design, implementation, monitoring, evaluation and feedback.
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Appendix 2.  2003 Research and Operational Stream Measurements
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Appendix 3.  Research Stream Watersheds
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Appendix 4.  Extension

Trout Unlimited Abstract
Small stream course announcement, participants and evaluation form

Workshop agenda and participants
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Course Registration

Course:  Natural Function of Small Streams in the Northern Interior of BC

Date and Time:  March 15, 2005     8:30 am - 4:30 pm
Location:7-172

#: Participant's Name Affiliation
1 Atyeo, Troy Winston Global, Prince George
2 Chamberlist, Leslie EDI consultant Prince George
3 Chipera, Bob West Fraser Mills
4 Clarke, Barry
5 Crispin, Guppy Consultant
6 Daintith, Nola MOF, Williams Lake
7 Elden, Chris Porcupine Design, consultant
8 Forsythe, Peter Winston Global, Prince George
9 Grainger, Sue UNBC

10 Hebb, Kathleen Ministry of Forests
11 Jaarsma, Keith Canfor
12 Jakubec, Bryan Canfor
13 Kruisselbrink, Tanya Canfor
14 Kurta, Charlotte MWLAP, Quesnel
15 McCleary, Richard Foothills Model Forest, Hinton
16 McNab, Laurie MOF, Vanderhoof
17 Nelson, Aurnir Canfor
18 Nesbit, Beryl MSRM, Prince George
19 O'Bryan, Eric EDI consultant Prince George
20 Pelchat, Michael MOF, Quesnel
21 Prendergast, Peter MOF, Vanderhoof
22 Price, Geoff MWLAP, Williams Lake
23 Saito, Gord MOF
24 Scherer, Robert Forrex
25 Scott, Chris Winston Global, Prince George
26 Thibeault, Rhonda MSRM
27 VanTine, Keith MOF, Burns Lake
28 Turley, Kevin Central Interior Mapping Co. Ltd.
29 Smith, Russell MOF
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Course Registration

Course:  Natural Function of Small Streams in the Northern Interior of BC

Date and Time:  March 16, 2005     8:30 am - 4:30 pm
Location: 7-172

#: Participant's Name Affiliation
1 Armstrong-Whitworth, Tania MOF, Mackenzie
2 Atwood, Brian MOF, Vanderhoof
3 Berekoff, Fred MOF, Prince George
4 Bourcier, Robert DWB consultant, Prince George
5 Brade, Bob MWLAP, Prince George
6 Caputa, Adam MOF, Vanderhoof
7 Carmichael, Bruce MWLP, Prince George
8 Carter, Tom MOF, Williams Lake
9 Davies, Jim MSLAP, Prince George

10 Degagne, John MOF, Vanderhoof
11 Ferris, Bob MOF, Vanderhoof
12 Gillies, Clayton FERIC
13 Haight, Stephanie MOF
14 Henderson, Steve MOF, Prince George
15 Hopkins, Brett MOF, Mackenzie
16 Jacklin, James MWLP, Prince George
17 Karjala, Melanie UNBC
18 Koroluk, Brad DFO, Prince Rupert
19 Lawrence, Don DFO, Williams Lake
20 Lillico, Darcy MOF, Williams Lake
21 Massier, Hazel Cottonwood Resources Ltd.
22 McLaughlin, Maeve MOF, Fort St. James
23 Mohammed, Peter Bugbusters, Consultant, Prince George
24 Penninga, Tim West Fraser Mills
25 Pike, Robin Forrex
26 Post, Richard Forest Practices Board
27 Tetrault, Ron MOF, Prince George
28 Thomas, Judy MOF, Prince George
29 Turley, Kevin MOF, Quesnel
30 Voth, Nathan MOF, Vanderhoof
31 Weisgerber, Rick MOF, Prince George
32 Witala, Doug West Fraser, Smithers
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      Continuing Studies Course Evaluation
We value your feedback. Please take a few moments to complete this survey designed to identify

strengths and limitations with an improvement-focus.   Thank you for your time.

Date: Course:
Instructors: Name (optional):
Circle (optional): Industry Ministry Consultant Non-government official Other
Please circle the response that best fits your experience and write comments on the lines provided.

COURSE INSTRUCTION

1. The instructor was clear about the objectives of the course. 

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

2. The instructor was well organized and prepared.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

3. The instructor encouraged questions and discussion.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

4.     The instructor communicated concepts and ideas effectively.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

COURSE DESIGN
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5.     The level of difficulty of the course was appropriate for me.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

COURSE RESULTS

6. The course increased my knowledge of small headwater streams functions in the central interior of BC.

Strongly Agree Agree Neutral Disagree Strongly Disagree

It was useful to learn about ____________________________________________________________________
__________________________________________________________________________________________

I would like to know more about ________________________________________________________________
__________________________________________________________________________________________

7. The course increased my knowledge of the effects of forest practices on small headwater streams.

Strongly Agree Agree Neutral Disagree Strongly Disagree

It was useful to learn about_____________________________________________________________________
___________________________________________________________________________________________________________________________

I would like to know more about ________________________________________________________________
__________________________________________________________________________________________

8. The course increased my awareness of the small stream research project results.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

9. I will be able to use what I learned in this course to identify risks to headwater stream functions.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree
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10. I will communicate the results of this course to coworkers.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

11. I will recommend this course to others.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

12. Did anything enhance or hinder your learning?  If so, please explain.
___________________________________________________________________________________
___________________________________________________________________________________

GENERAL

13.    The physical facilities met my expectations.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

___________________________________________________________________________________
___________________________________________________________________________________

14.   This course was good value for the tuition cost.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree
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15.   Administrative support was helpful.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

16. What courses would you like to take in future?
___________________________________________________________________________________
___________________________________________________________________________________

        Would you like to receive information on upcoming courses?                             Yes                      No

        Email: _______________________________ OR  Fax: ___________________________

17. Additional comments or suggestions are welcome!
___________________________________________________________________________________
___________________________________________________________________________________

Thank you for your participation!
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Workshop on Riparian Management of Headwater Streams in the Sub-Boreal Forests
University of Northern British Columbia; March 17, 2005

Workshop Objectives:
• Forum for discussion of the science of riparian management on small headwater streams
• Present preliminary findings from the Prince George Riparian Buffers small stream project.
• Provide the opportunity for program partners, resource managers and industry to discuss research

findings, knowledge gaps and management implications.

Agenda:
• Presentations have been structured to provide the opportunity for a question period immediately

following the talks.
• Roundtable discussions will follow each workshop session to allow a moderated discussion about

the topics presented within each session.

Time Topic
8:30 Introduction and Opening Remarks – Erland MacIsaac

THE PRINCE GEORGE RIPARIAN BUFFERS PROJECT
•  History and Development of the DM Policy -Pierre Beaudry
• Research and Experimental Design - John Rex (site selection, experimental design)
• Current Regulations FRPA, FSPs, and the Riparian Zones of Small Streams -

Dave Maloney
Roundtable Discussion: on current issues, concerns, and perspectives on riparian management of
small streams.  Moderator: Pierre Beaudry

10:00 Coffee, Tea, and Muffins

10:15 • Woody Debris, Erosion, and Channel Changes- Leisbet Beaudry
Large woody debris function, source distance, and modeling.
Sediment sources, streambank, and channel stability

• Stream Discharge and Turbidity – Herb Herunter
Discharge, turbidity and local climate

• Canopy and Air Temperature   - John Rex
Solar radiation and air temperature

• Stream Temperature - Eric Mellina
Temperature changes, temperature modeling, and potential biological effects

Roundtable Discussion: The influence of the DM policy on channel function. Moderator: John Rex

12:30 Lunch

13:30 • Stream Productivity Processes - Erland MacIsaac
Nutrient and organic matter dynamics, primary production and litterfall

• Stream Biota - Herb Herunter
Invertebrate and fish communities

Roundtable Discussion: The influence of the DM policy on stream nutrients and stream life.
Moderator: Erland MacIsaac

15:00 Closing Comments –  John Rex
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March 17, 2005
Workshop Participants

Participant Affiliation
Peter Tschaplinski MOF, Victoria

Kim Davies MWLAP, Prince George
Lynn Blow MWLAP, Prince George
Vanessa H DFO, Vancouver
Rosalind DFO, Vancouver

Brad Korolik DFO, Prince Rupert
Pat Teti MOF, Williams Lake

Ken Hodges MOF, Prince George
Wayne Martin MOF, Prince George

Rick Weisgerber MOF Prince George
Doug Witala West Fraser, Smithers
Peter Forsyte Winston Global, Prince George
Chris Ritchie MWLAP, Prince George
Ray Pilapow MWLAP, Prince George
Nick Leone DFO, Prince George
Jeff Guerin DFO, Williams Lake
Eric Mellina UBC

Andrew Wheatley MOF, Prince George
Tom Hendry DFO, Smithers

Don Lawrence DFO, Williams Lake
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Appendix 5.  Photos



Image # 3698 Bowron T3 from N side Image # 3689 Bowron T3 from N side

Image # 3700 Bowron T3 (DS) from N side Image # 3696 Bowron T-2



Image #3697 Bowron T-2 from S side Image # 3698 Bowron T-2 stream

Image # 3693 Bowron Control Image # 3689 Bowron Control



Image 3678 Chuchinka Plot 1 downstream end Image # 3680 Chuchinka plot 1.

Image # 3676 Chuchinka plot 2. Image # 3677 Chuchinka plot 2.



Image # 3683 Chuchinka downstream end Image #3683 Chuchinka upstream end

Image # 3684 Chuchinka upstream end Image #3681 Chuchinka control



Image # Image # 3717 Tagai 12 from west side Image #3716 Tagai 12, north end of stream from west side

Image # 3709 Tagai 12 plot 1. Image # 3711 Tagai 12 plot 2



Image # 3404 Tagai 13, upstream end, during harvest. Image #3403 Tagai 13 downstream end, during harvest.

Image # 3722 Tagai 13 plot 2 windthow. Image #3730 Tagai control, note mountain pine beetle attack.



Image # 3701 Operational block 158-1 east side Image # 3703 Operational block 158-1 stream

Image #3688 Operational block 211-43, plot 20 Image # 3686 Operational block 211-43, plot 19



Image # 3690 Operational block BNY-021 Image # 3691 Operational block BNY-021.



Title: The Effects of Riparian Harvesting on Fish Habitat and Ecology of Small Headwater
Streams – DFO Stream Productivity Component

FSP Project Number: Y051027

Abstract:

Forest harvesting in the higher elevations of watersheds in the sub-boreal climatic zone of BC is
affecting headwater streams and their catchments. Full-retention riparian buffers are not
mandatory for these small headwater streams which supply cool water and organic matter for
downstream fish habitats and can be important habitat for headwater fish species. The Prince
George Small Stream Riparian Buffers project was designed to look at the effects of forest
harvesting and riparian management on the stream and riparian functions of sub-boreal
headwater streams. Variable-retention buffers that met the Prince George District Managers
Policy for S4 Streams were applied to headwater streams in three geographic regions of the
district: Bowron, Tagai and Chuchinka. The objective of the DFO stream productivity
component of the project was to determine the effects of harvesting and riparian management on
aspects of stream productivity including organic matter sources (litterfall and periphyton
accrual), nutrient regimes, suspended sediment, invertebrate production, and downstream export
of nutrients, organic matter and invertebrate drift. Fish surveys were also conducted to determine
habitat use by resident fish. The Bowron site streams have 2 years of post-harvest data while the
Chuchinka and Tagai streams both have 1 full year of post-harvest data collected to date. For this
reason, most of this report focuses on the Bowron streams which have the longest dataset to
determine riparian treatment and stream impacts. Nutrient levels are very low in the Bowron
streams and there were no changes in nutrient levels after forest harvesting despite soil
disturbance and forest harvesting within the catchments. Stream periphyton was apparently
limited by nutrients and not light because accrual did not increase after forest harvest despite
significant canopy reduction and solar radiation increases. Litterfall inputs of organic matter
were substantially reduced to 35% of pre-harvest. Preliminary data do not show large changes
yet in invertebrate communities immediately after harvesting although downstream drift
appeared to decline relative to the control streams. Turbidity events from increased suspended
sediment reflected high discharge events and sediment inputs dominated by the road crossings.
Coupled with the lack of increase in periphyton, overall organic matter inputs to the streams
were reduced and higher retention riparian buffers may be required to maintain the productivity
of sub-boreal headwater streams. Fish survey data for the Bowron streams also show that fish are
a poor indicator of fish-bearing status in headwater streams where stream use is ephemeral or
dependent on annual stream flow conditions.



Introduction:

Small headwater streams may be important rearing areas for fish that are headwater specialists as
well as important sources of invertebrate drift amd organic matter for downstream fish habitats
(Gomi et al. 2002, Wipfli and Gregovich 2002). However, there has been little research on how
forest harvesting and riparian management affect the productivity and fish communities of
headwater streams, particularly in the central interior forests of BC (Moore and Richardson
2003). These streams, which would be classified as S4 and S6 streams under BC forestry
regulations, receive no mandatory riparian reserves and only minimal riparian protection. The
problem for small fish bearing streams (S4) was recognized by the Prince George Forest District
who enacted a District Managers Policy for S4 Streams to provide some minimal level of
riparian protection. The main objectives of this research project was to test the efficacy of the
riparian prescriptions provided by the policy and to improve our knowledge of the effects of
forest harvesting and riparian management on small headwater streams in general

The DFO research team delivers the stream productivity component of the project. which
includes the measurement of changes in: water quality and nutrient levels in the streams;
periphyton and macro-invertebrate abundances; downstream export of invertebrate drift,
nutrients, and organic matter; inputs of organic matter from litterfall; and utilization of stream
habitats by fish. Physical measurements such as canopy closure, direct solar radiation exposure,
stream water temperature and discharge are also collected for correlation with the stream
productivity data. The 2004 field season was the second full season of post-treatment data
collection for the Bowron streams (2 treatment streams, 2 control streams) and the first full
season for the Chuchinka (1 treatment stream, 1 control stream) and Tagai streams (2 treatment
streams, 1 control stream). Due to the large amount of data collected, this report focuses on data
and highlights from the Bowron site streams which provide the best indications to date of
changes in riparian and stream functions due to harvesting and riparian management.

Methods

Variable-Retention Buffer Treatments

The study sites are based on a before-after-control-impact paired design with sampling before
and after the impact in treatment and control streams. The variable retention riparian treatment
for the streams followed the prescriptions recommended in the Prince George District Managers
Policy for S4 Streams. All but 10 merchantable stems per 100m of stream were harvested within
a buffer of 5-10m width on either side of the stream. Merchantable stems nearest the stream were
preferentially retained. A 5-m machine-exclusion zone and falling and yarding of trees away
from the streams protected the understory and non-merchantable stems near the stream. A
control stream was unharvested. The Bowron streams were harvested in the winter of 2002/2003,
the Chuchinka streams were harvested in the summer of 2003 and the Tagai streams were
harvested in the winter and early spring of 2003/2004.



Climate, Stream Discharge and Turbidity

We measured local climate, creek stage and discharge, and stream turbidity to help understand
physical processes, calculate export rates, interpret water chemistry changes and explain
observed biological responses. Unidata dataloggers and sensors were used to measure
meteorological and hydrometric conditions at the study sites.  Most datalogger stations were
established in 2002.  Meteorological stations were set up in older cutblocks or clearings adjacent
to each of the three study sites and measure air temperature, relative humidity, solar radiation,
and rain fall.

Hydrometric stations were placed on most of the study creeks.  They measured creek stage and
water turbidity.  Stream ratings were performed on a regular basis with a Marsh McBirney
Flowmate flow meter and modified staff rods to determine a stage – discharge relationship.
There are three Bowron stations, three Chuchinka stations, and three Tagai stations.

Litterfall

Each stream had a 50-m study reach with 5 bank-to-bank litterfall samplers, each spanning the
stream at a random point within each 10-m segment of the 50-m reach. Samplers were
constructed from polyester insect screening (1-mm mesh size) suspended in a wood frame. The
collection area was 50-cm long by the stream width and the duration of the deployment was used
to calculate litterfall dry weight/m2/day. Samplers were set in the spring after freshet (mid-May)
and litterfall was collected every month through the field season until after leaf fall was complete
(mid-October). Samples were stored frozen and the litter was dried and sorted into 4 categories
(leaves, needles, reproductive parts and woody pieces), dried for 7 days in a 85°C oven, and
weighed. Only the combined data for the leaves, needles and reproductive parts are used in this
paper; woody litter was excluded because it provides a different stream function.

Periphyton Accrual

Five periphyton samplers (artificial substrates) were deployed at a random point within each 10-
m segment of the 50-m study reaches. Each periphyton sampler was constructed using 15 cm x
15 cm, 0.6 cm thick open-cell Styrofoam as a growth substrate, held by elastic bands to a
ceramic tile as an in-stream weight. Periphyton samplers were deployed in the spring after
freshet and sampled every two weeks, using a 20 cc syringe with the nipple end of the cylinder
cut off, to core Styrofoam disks for chlorophyll analysis. Disks were stored frozen in the dark
during transport to the lab for analysis. Disks were ground and extracted for 24h with 90%
acetone, and chlorophyll was measured fluorometrically (APHA 1989) and converted to µg-total
chlorophyll/cm2 (Chl) using the area of the Styrofoam disk (2.54 cm2). Only total chlorophyll
(Chl) is reported here although an acidification measurement of phaeopigments was also made.
Net accrual rates (day-1) were calculated as the slope of regressions for each sampler of natural
log (Chl + 1) against time.



Canopy Cover

Canopy closures were estimated as the percent closure using the average of four spherical
densiometer measurements taken facing upstream, downstream , left and right bank at each
station. Measurements were taken at each periphyton and litterfall sampler at least monthly.
Solar pathfinders were used monthly to estimate the % of direct solar radiation available
reaching the stream at each periphyton sampler.

Nutrient and Water Chemistry

Triplicate water samples were collected every two weeks from each of the treatment and control
streams and from several upstream reference sites. Total dissolved phosphorous, dissolved
reactive phosphorous, nitrate/nitrite, and ammonium were measured using the low-level nutrient
lab at the DFO Cultus Lake lab. Samples were stored cold or frozen and analyzed using modified
autoanalyzer techniques. Dissolved organic carbon was measured using ultraviolet absorbance (5
wavelength spectrophotometry). Two-liter water samples were filtered through ashed and
weighed glass-fiber filters to determine fine particulate organic matter concentrations.

Invertebrates

Stream macro-invertebrates were sampled with Surber samplers and drift nets.  Surber samples
were carried out twice per year (spring and fall).  This method of sampling collects invertebrates
living on/in the stream substrate and is considered an indicator of stream health.  Drift sampling
was performed monthly over the spring, summer, and fall.  This methodology samples the water
column and is used as a measure of downstream export and the availability of fish forage as well
as stream health.  Drift samples are generally more variable than Surber samples as invertebrate
drift response can be elicited by a number of factors including development stage, discharge,
food levels and stream disturbances.  All Surber and drift nets used were 500um mesh.

Invertebrates were analyzed by total abundance and biomass, taxonomic Order (Ephemeroptera,
Plecoptera, Tricoptera, and Diptera) abundance, and by functional feeding group abundance.
Only data from the Bowron streams is presented as they have the longest treatment period and
the streams tend to flow continuously throughout the sampling period.

Fish

Fish are a primary indicator for stream classification.  Their responses to forest harvesting can be
variable including: increased growth, increased stress levels, and migratory changes.  We used
minnow traps (Gee traps) to perform two types of fish survey.  In 2001 a one time extensive
survey was performed in the streams both above and below our study reaches.  In 2002, 2003,
and 2004 only the study reaches were sampled over spring, summer, and fall.  Fish were sampled
for length and weight; and some samples were kept for gut content analysis.



Results and Discussion

Climate

Meteorological results were calculated as daily average temperature, daily average radiation and
total daily rainfall.  Results are displayed as cumulative summer data, a compilation of daily data
from June – August.  Some 2001 data were reconstructed from nearby MoF fire weather station
sites.
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Figure 6. Cumulative precipitation for the three study sites from June through August showing annual and
geographic differences in rainfall among the study sites.

The rainfall data depicts the Tagai site as being consistently dry compared to the other two sites
(Fig. 1).  Tagai streams generally lose surface flows for a period during mid-summer. There can
be a 2-fold range in total growing season rainfall among years and all sites received more rainfall
in 2004 compared to the previous years.
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Figure 7. Cumulative degree day air temperatures for the three study sites from June through August
showing annual and geographic differences in air temperature among the sites.



Cumulative air temperatures, at all sites, indicate that 2004 was significantly warmer than in
previous years.  The Chuchinka site was consistently the warmest site, while the Bowron was the
coolest.  Additionally, solar radiation was lowest at the Bowron site (data not shown) with the
highest amount of solar radiation at all sites received in 2004. During the course of the study,
large inter-annual variations and large within-year variations among the 3 sites was observed,
with 2004 being the wettest and warmest of the 3 years. These large annual and geographic
differences in climate conditions need to be considered when interpreting biological changes
from the riparian treatments.

Stream Discharge and Turbidity

These are small streams with discharges ranging through the growing season from 0 to 0.05
cubic meters per second  Some creeks in the Tagai and Chuchinka sites exhibited zero surface
discharge during the drier periods of summer.

Stage and turbidity data for Bowron treatment stream T3 are presented as an example in Figure
3. Some generalizations can be made about all three study sites.  Freshets are driven by the snow
melt event in the spring.  Throughout the summer months stage responds to rainfall events.
There is usually a large fall storm that rivals spring freshet with regards to stream stage.
Although there was an increase in rainfall in 2004, there did not appear to be a corresponding
increase in creek stage, with the possible exception of the Tagai streams.

The control streams and treatment streams during pre-harvest exhibit increased turbidity
associated with increased stage.  The same relationship holds true in the post-harvest treatments
however the turbidity response is much larger and more erratic and appears to be from point
discharges such as roads and skidder trails.  There are also increased turbidity levels during no
surface discharge events in some of the control streams.  We believe this to be associated with
increased fungal and plankton growth in the stream pool during periods of stagnation that are
recorded as increased turbidity.
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Figure 8. Stream stage and turbidity data for 2002-2004 for Bowron treatment stream T3. The red arrow
indicates forest harvesting. Note the increase in the magnitude of turbidity events after harvesting.



Litterfall

Litterfall is thought to be the most important organic matter source supporting stream
productivity in heavily shaded headwater streams. Annual litterfall inputs for the Bowron control
and treatment streams were plotted against % canopy cover determined with spherical
densiometers (Fig. 4). Canopy closures ranged from 72-95 % for the pre-harvest and control data
and litterfall inputs ranged widely from 0.1 to 2.5 gmDW/m2/d. After harvesting canopy closures
ranged from 45-90% and litterfall inputs were consistently less than 0.7 gmDW/m2/d. Overall.
Litterfall inputs after harvesting declined to an average of 35% of the preharvest litterfall inputs,
representing a significant reduction in organic matter inputs to these headwater streams.

Direct Solar Radiation

The % of maximum available solar radiation reaching the stream surface was measured with
Solar Pathfinders and data for one Bowron control stream and the two treatment streams are
plotted in Fig. 5. During the 2001/2002 preharvest seasons, less than 12% of the total direct solar
radiation reached the study streams. After harvesting, 20-57% of the direct solar radiation
reached the stream surface, indicating a significant increase in both light for periphyton growth
and in exposure of the stream to ultraviolet radiation.

Figure 9. Daily litterfall inputs for the growing season for the Bowron treatment
and control streams as a function of percent canopy closure measured with
spherical densiometers.
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Figure 10. Percent of  direct solar radiation reaching the control and 2 treatment streams from the Bowron
study site for the years 2001-2004. First two seasons are pre-harvest seaons.

Periphyton Accrual

Attached algae can be an important organic matter source for streams although the growth of
periphyton in heavily shaded streams may be light limited. However, there was no change in
accrual rates after harvesting in the Bowron streams (Fig. 6) despite a large increase in the
percentage of direct solar radiation reaching the stream. The implication is that light is not
limiting for periphyton growth in these headwater streams.

Stream Nutrients

Levels of nitrogen and phosphorous nutrients are consistently low in these headwater streams
often approaching the detection limits of the laboratory analyses (data not shown). The Bowron
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Figure 11. Seasonal periphyton accrual rates for the Bowron treatment and
control streams before (grey) and after harvesting (black).



streams had summer average nitrate/nitrite concentrations less than 10 ugN/L and dissolved
reactive phosphorous levels often below 1 ugP/L. These levels are considered very low and
limiting for periphyton growth in streams. There has been no change in nutrient levels after
harvesting in the 2 Bowron treatment streams which accounts for the lack of periphyton increase
after canopy removal. This is despite the removal of vegetation and soil disturbance from forest
harvesting in the stream catchments.

Invertebrate Abundance and Biomass

Most previous studies have found increased invertebrate production after forest harvesting often
attributed to higher temperatures and increased periphyton production due to increased light and
nutrients. Analysis of the extensive invertebrate datasets is ongoing but there has not yet been a
large change in abundance based on the spring and fall Surber sampling. Levels of invertebrate
biomass in the Bowron streams are very low and there has been no consistently detectable
change in total invertebrate biomass in the treatment streams relative to the control (Fig.7). This
may in part be due to the very unproductive nature of the Bowron streams.
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Figure 12. Total invertebrate biomass based on spring and fall Surber sampling in the Bowron control and
treatment streams. Red arrow denotes forest harvesting.

Further analysis of taxonomic responses and functional feeding groups is on-going and important
to understanding the effects of forest and riparian management on invertebrate production. For
example, in the Chuchinka streams, there is a decrease in invertebrate abundance immediately
post harvest then a small increase afterwards (data not shown). Ephemeroptera collectors appear
to be driving the observed changes in these more productive streams. In the Bowron system there
is a suggestion that both streams may have had an initial increase in Plecopteran shredders
despite reduced litterfall inputs to the streams.

Fish

Fish were caught intermittently in the Bowron and Tagai systems, depending on the year (Fig. 8).
All fish caught were Rainbow trout.  No fish have been caught in the Chuchinka system because
there is a potential velocity barrier downstream of the study site. The Bowron treatment streams



had fish present in only one of the 4 survey years and the control had fish in 3 out of 4 survey
years. The larger T1 control stream (S3) was the only stream that consistently had resident fish.
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Figure 13.  Total fish caught using Gee traps per study reah each season for the Bowron and Tagai streams.
In some years, no fish were caught in a stream (e.g. Bow T3, 2002-2004).

The fish data suggest that fish use of headwater streams can be ephemeral and their presence or
absence is not a reliable indicator of fish-bearing status for headwater streams.

Invertebrate Drift

The production of invertebrate drift as forage for resident or downstream fish may be one of the
most important functions of headwater streams (Johnson et al 2003, Musselwhite and Wipfli
2004). Drift samples tend to be highly variable because of the many physical and biological
factors that affect the invertebrate drift response.
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Figure 9 shows the difference in the total invertebrate biomass of drift between the Bowron
treatment streams and the control. Preliminary indications are that invertebrate drift is more
frequently lower than in the control stream after harvesting.

Ephemeroptera, Diptera and Plecoptera were the most abundant invertebrate taxa in the drift
(Fig. 10). Compared to the fish stomach analyses (Fig 11), the trout appear to be selecting
Diptera and Tricoptera as preferred food items relative to their abundance in the drift.
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Figure 15. Invertebrate abundance in the drift for Bowron control stream T1. Abbreviations are for Diptera,
Trichoptera, Ephemeroptera, Coleoptera, and Plecoptera.



Bowron RBT food preferences (all fish pooled)
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Figure 16. Trout stomach content analyses for Bowron stream T1.

The large decline in litterfall inputs coupled with the lack of response to increased light by the
periphyton communities due to nutrient limitation indicate that the riparian prescriptions applied
to the headwater streams had a negative effect on organic matter inputs for the stream
communities. Monitoring and analysis of the invertebrate abundances and export rates of insect
drift and organic matter is ongoing and an additional post-harvest year at the Chuchinka and
Tagai sites is key to helping determine whether the changes in organic matter sources for these
streams manifest themselves in reduced stream forage for resident and downstream fish. Once
the 2005 post-harvest season is completed, the bulk of the data collected from these studies is
destined for primary scientific publications. Relatively little stream productivity data has been
collected for headwater streams in the Pacific Northwest in general and for small streams in the
central BC interior in particular.

Conclusions and Management Implications:

The efficacy of variable-retention riparian buffers and their best prescriptions to maintain the
riparian and stream functions of small sub-boreal headwater streams is an important research
question for the forest industry and government resource managers. Our preliminary data shows
that the District Managers Policy for S4 streams with retention of 10 mature trees/100 m of
stream are not effective for maintaining litterfall inputs into the streams. There were no increases
in periphyton growth that could compensate for litter losses because nutrients, and not light,
appear to limit algal growth in these headwater streams. Invertebrate community responses to the
loss of organic litter inputs are not yet clear but there is a suggestion that drift declined relative to
the control stream in the Bowron system. Ephemeral fish presence in these small streams
suggests that fish presence or absence is a poor indicator of the fish-bearing status of headwater
streams. Overall, the data suggest that higher retention buffers may be required to maintain the
productivity of sub-boreal headwater streams.
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