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1.0  Project purpose and management implications 
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In the past several decades, extensive research into the physical and biological impacts of large 
woody debris (LWD) has revealed its crucial role in the biological and chemical functioning of 
aquatic communities through the supply of nutrients, substrate and cover (Bilby, 2003; Chen et 
al. 2008), as well as its importance for determining physical habitat structure and stream 
geomorphology (Keller and Swanson, 1979).   It is widely recognized that conserving LWD 
loading in streams is an important conservation measure for forest managers (Benke and 
Wallace, 2003, Okanagan Land Management Resource Plan).    However, the LWD loading 
necessary for the maintenance and protection of aquatic habitat in the Okanagan Basin is largely 
unexamined.  Additionally, there is a general lack of research into LWD long term dynamics in a 
disturbance context, particularly in steeper gradient headwater streams.   

This long-term Forest Science Program (FSP) funded research installation supports the 
development of sustainability indicators and policy by monitoring LWD recruitment, transport, 
and its interactions with aquatic biology and habitat under wildfire disturbance, Mountain Pine 
Beetle (MPB) infestation and riparian logging in headwater streams of the Southern Interior of 
BC (Wei, 2009).  A complete budget of LWD at the reach scale is being developed through the 
long-term monitoring of LWD input and output through selected reaches in headwater streams. 
The influence of natural and anthropogenic disturbance on LWD input, output and transfer 
processes will be compared and evaluated. Furthermore, 2009 marked the initiation of two 
extension projects evaluating the impacts of disturbance related LWD changes to channel 
morphology and aquatic biology.  In the last year (2009/2010), we put our efforts into the 
following: 

1. Locating and developing new sites with logged riparian zones 

2. Extending existing channel reaches to a total length of 30-50 channel widths 

3. Repeating LWD surveys as done in previous years (Chen, 2009) and extending existing 
LWD surveys to the new, extended channel lengths 

4. Collecting morphological and sedimentological data for an analysis of the interaction of 
disturbance, LWD and physical habitat 

5. Collecting biological data for an analysis of the interaction of disturbance, LWD, carbon 
fluxes and aquatic biology 

An analysis of this data will provide a detailed examination of the interaction of LWD with 
aquatic habitat and ecology under a long-term, disturbance context.  The project will provide 
necessary scientific information regarding the role of forest disturbance on aquatic ecology in the 
Southern Interior of BC. This information is required to support policy, regulations and guideline 
development, evaluation and adjustment for sustainable forest management.   



2.0 Project scope and regional applicability 

Research installations have been established on 14 representative headwater streams in the 
Okanagan Basin.  The characteristics of each stream are outlined below in Table 1, and their 
locations are shown in Figure 1.  Please note that these figures are based on 2008 data and 
therefore do not include the two logged sites added in 2010, nor the extended channel reaches.  
However, the two new streams are located in Cathedral Provincial Park south of Kelowna, in the 
Montane Spruce biogeoclimatic zone.  They are both between 2 and 4m average width with 
coarse substrate and complete removal of the canopy on both sides of the channel.  The fire 
impacted streams are all located in the Okanagan Mountain Park, where an inclusive burn in 
2003 resulted in nearly complete removal of the canopy.  As with their control sites, they are 
located in the Interior Douglas Fir biogeoclimatic zone (IDF).  The MPB, logging sites and their 
controls are located in the Montane Spruce biogeoclimatic zone (MS).  The fire, MPB and 
control sites were established in 2004/05, and the two logging sites were added in 2009/10.   

Wood surveys have been conducted every year at each site since their relative dates of 
establishment.  This will allow current surveys of morphology and biology to be interpreted in a 
disturbance context that extends through the primary phase of post-disturbance succession.  
Although FSP funding for this particular project is slated to end in 2011, the data collected over 
the course of this study establishes a strong baseline for further study which will provide a 
uniquely detailed perspective into the changing relationship of riparian forests, LWD and aquatic 
habitat as post-disturbance regeneration takes place.   

Although this study is particularly useful for interested parties in the Southern Interior of BC, it 
adds to a growing body of knowledge regarding LWD and its ecological significance in the 
Pacific Northwest.  The length and detail of this study as well as its biological and geomorphic 
extensions make it a uniquely useful study for policy makers and forestry managers.  
Furthermore, this project is one of the first to include both a natural and anthropogenic 
disturbance component, and one of the first to examine MPB impacts of LWD and LWD related 
stream ecology.  As the MPB infestation grows in scale, with increasing ecological and economic 
implications, this project will form part of a growing body of literature guiding forestry policy 
and post-infestation management. 

 

 

 

 

 

 

 

 

 



 

 

Site 
type 

Stream 
name 

Mean 
channel 
width 
(m) 

Channel 
gradient 

(%) 

LWD 
number 
(piece) 

Mean 
LWD 

diameter 
(m) 

Mean 
LWD 
length 

(m) 

Mean 
LWD 

volume 
(m3/piece) 

Total 
LWD 

Volume 
(m3/100m)

Wildfire Bellevue 13.0 4.5 24 0.13 4.5 0.067 1.62 

Deeper 8.2 5.9 41 0.20 2.7 0.111 4.54 

Goode 9.3 3.2 41 0.17 3.0 0.088 3.62 

Old-
growth 

Greata 6.7 1.5 59 0.13 3.9 0.073 4.32 

Jack 8.5 6.8 23 0.19 2.8 0.111 2.55 

McDougall 9.5 5.8 88 0.22 3.5 0.169 14.89 

MPB Beak 2.5 6.8 28 0.15 1.8 0.063 0.88 

Cotton 2.3 10.3 43 0.13 2.8 0.040 1.73 

Mellin 1.7 4.3 25 0.20 1.7 0.078 2.03 

Control Penticton240 3.2 3.7 78 0.14 3.0 0.039 3.89 

Sunset lake 2.4 3.0 63 0.17 2.9 0.053 5.30 

Sunset 2 2.2 2.6 46 0.15 1.6 0.015 1.52 

Table 1:  Physical and LWD characteristics of the long-term study stream reaches (based on 2008 data) 
 



 

Figure 1:  Locations of long-term study reaches 

 



3.0  Methodology overview 

 
3.1  Site selection 
 
The sites used in this project are those selected and reported on in Chen, 2009, and as outlined in 
Table 1.  In the summer of 2009 a further two logging disturbance sites were selected in the MS 
zone, for which the MPB control sites will be used as logging controls.  Site selection was done 
through consultation with logging companies (Gorman Bros. Ltd and Tolko Industries Ltd.), and 
field surveys.  Although a total of three logged sites were anticipated, only two sites could be 
found that met the geomorphic and geographical requirements of the survey (specifically high 
gradient 1st or 2nd order streams with large roughness elements in the Montane Spruce 
biogeoclimatic zone).  An additional stream was surveyed, however because of its small width, 
low gradient and fine sediment bed (indicating a lack of regular channel flushing flows), it was 
excluded from the geomorphic survey.  However, it was included in the biological surveys of 
litterfall and periphyton production because these biological attributes were considered generally 
independent of channel morphology.  Furthermore, all existing sites were expanded this summer 
to a total reach length of 30 to 50 channel widths (based on 2008 surveys), from the initial 100m.  
This was intended to improve the validity of any conclusions drawn from the geomorphic 
surveys conducted.   
 
3.2  LWD surveys 
LWD surveys were conducted in the summer of 2009 as they have been each year since site 
establishment in 2004/05.  For a detailed description of survey methodology please see Chen, 
2009.  In brief, all new wood in the channels was tagged with a unique identifying label.  All 
wood (including old wood) was surveyed for: 

• Small and large end diameters 
• Decay class 
• Function 
• Submergence category 
• Presence/absence of a rootwad 

 
Three dimensional coordinates of both in-stream ends of the log were measured with a Leica 
TPS 800 total station.  In addition to the above descriptive information, total station coordinates 
of the LWD collected during the summer of 2009 will be used to obtain information on the 
orientation of each of the LWD pieces in relation to the bed and the bank, the location of each 
piece of LWD in relation to other pieces and morphological features, and any differences in any 
of these characteristics from previous years. 
 
Utilizing the data from previous years, the 2009 data collected on LWD can be used to quantify 
the annual input and export of LWD from the reaches, as well as any decomposition rates or 
changes to their characteristics (such as changes in orientation, changes in accumulation type, 
spacing, etc...).  This will continue the development of a complete annual budget of wood in the 
streams, and allow for analysis relative to the morphological and biological characteristics of the 
streams. 
 



3.3  Morphological surveys 
In the summer of 2009, morphological surveys were conducted on all channels.  The surveys 
consisted of two parts: 

1) Topographical surveys:  using a total station, topographic profiles of each of the streams 
was conducted.  This included thalweg profiles composed of shots every 1m, and cross 
sectional profiles conducted at all important breaks in channel profile.  Furthermore, 
important geomorphic features were surveyed in detail, such as pools, steps, bars and side 
channels. 

2) Sediment surveys:  streams were visually broken down into distinct sediment facies, and 
Wolman pebble counts (n=100) (Wolman, 1954) were conducted.  The facies were then 
mapped using the total station.  This approach is useful in two ways:  firstly, it allows the 
sediment size distribution of the channel to be weighted according to the total bed area 
attributable to each distinct facies.  Secondly, it allows the facies to be mapped and 
spatially compared to the topography and location of LWD.   

 
The statistical analysis of the morhpological data will involve both multivariate regression 
between LWD and morphological characteristics and spatial statistics on the spatial variation and 
distribution of sediment in relation to LWD and LWD related bedforms.   The morphological 
characteristics of interest (i.e. pool frequency, spacing and geometry, channel width and depth 
characteristics and variability, and step spacing and height) will be extracted from the total 
station coordinates data using Geographical Information Systems (GIS).  GIS will also be used to 
calculate the percent area of stream bed associated with each facies and its sediment size and 
distribution.   
 
3.4  Biological surveys 
The biological surveys were focused on maroinvertebrates, their trophic resources and their 
spatial location in relation to LWD.  Surveys were conducted at each treatment replicate on 
monthly intervals from the end of freshet to the beginning of snowfall in 2009 (mid June to end 
of September).  The monthly surveys were designed to capture temporal variability through the 
spring into the fall.  The biological surveys consisted of two parts: 

1) Macroinvertebrate sampling:  artificial substrate trays (n=8) were deployed according to 
the methods of Clements el al (1989) following the end of freshet.  Trays were left to be 
colonized by local macroinvertebrate fauna and were then collected and analyzed for 
taxonomic composition and abundance.  Substrate tray coordinates were surveyed using 
the total station in order to establish relationship between macroinvertebrate 
communities, LWD and channel morphology.   

2) Trophic resource sampling:  autochthonous resources were quantified by sampling 
periphyton at each substrate tray location.   Benthic rocks were collected and scraped 
clean of their periphyton growth.  Removed periphyton biomass was quantified through 
measurement of its ash free dry mass.  Allochthonous resources were collected at 20 
meter intervals along the 100m reach (n=5) using vertical and lateral litter traps.  The 
litterfall material was sorted and the dry mass of each sorted litter category (leaf, needle, 
seed, and woody matter) was measured.  Suspended organic matter was also sampled to 
determine its relationship with the riparian disturbances. Drift nets collected material 
moving through the system over the period of an hour, and the ash free dry mass was 
measured for all collected matter. 



 
The nested ANOVA method will allow the determination of the relationship between each 
disturbance and the biological variables.  Each replicate is nested within its stream, and each 
stream is nested within its treatment.  This method takes into account that replicates within each 
single stream should have less variability than replicates across streams within a treatment.  This 
is done by nesting the mean squared error (MSE) of the replicates into the MSE of the streams. 
 
Ultimately, the biological and morphological variables will be analysed together to draw overall 
conclusions regarding the interaction between disturbance, morphology and biology, and the 
specific avenues through which disturbance related LWD characteristics influence aquatic 
ecology. 
 
4.0  Interim conclusions 

Mapping of the LWD, morphological and sedimentological data has been completed, and work is 
currently under way to extract information on LWD and related channel features for regression 
analysis.  An example of one of the GIS maps is shown below in Figure 2 (sedimentological data 
is not shown).  This specific map is for Bellevue Creek, a replicate of the burned disturbance in 
the IDF zone.  By translating the point coordinates of this map into linear and polygon features, 
topographical and geomorphic information can be extracted using query functions in ArcMap, 
LWD orientation can be calculated, and overlay of the sedimentological data will allow for 
substrate analysis.  Ultimately, the GIS and statistical analysis will directly relate the 
morphological characteristics and sediment size and distribution of each channel to the LWD 
loading and characteristics.  An evaluation of the changing LWD characteristics over the past 
(approximately) 5 years of surveys will then allow for predictions to be made about the 
implications of forest disturbance to the physical aquatic habitat in the Southern Interior of BC.   

 



Figure 2 

 

 

 



 

All the interim biological results presented below are basic comparisons of averages as no 
statistical testing has yet been completed.  However, these preliminary results allow some interim 
conclusions to be made regarding the differences across treatments.  Mountain Pine Beetle sites 
received a greater mass of litterfall than the reference sites during each period of sampling (Table 
2).  This follows expectations as the beetle mortality trees are shedding all of their dead material 
to the forest floor.  Furthermore, the fire sites collected less material (especially during autumn) 
than reference sites, as expected due to the near complete or complete removal of canopy.  Based 
on the preliminary data, the litter data of the harvested sites appear to be no different than 
reference sites.  Further analysis will be conducted to explain this unexpected result.  Processing 
of the macroinvertebrate samples for community analysis is currently underway, though field 
observations indicate that impacted streams appear to have greater abundances of insects.  
Periphyton production within the streams is also being analyzed.  Once all the data has been 
properly processed and analyzed, a relationship will be established between macroinvertebrate 
communities and their LWD formed habitat in a disturbance context.   

 

 

 Stream Treatment June July August Sept
Jack IDF Reference 3.523 2.961 3.404 20.013
McDougall 1.269 0.532 9.460 23.934
Greata 2.612 0.383 3.669 12.967
Deeper Fire 0.225 0.937 6.288 0.374
Goode 0.437 1.176 1.987 3.474
Bellevue 0.953 0.629 1.927
Trout MS Reference 5.546 3.527 7.755 23.682
Pennask 0.683 0.804 1.700 2.290
Upper Penticton 1.123 0.984 1.960 2.535
Cotton Mountain 4.520 9.043 13.315 62.770
Beak Pine Beetle 2.209 2.802 5.407 14.712
Mellin 4.189 13.706 7.821 21.637
Duru #1 Harvesting 1.147 3.349 7.062
Duru #2 5.813 3.573 1.311
Km 9 0.348 0.167 1.914

 

 

 

 

 

 

 

Table 2: Grams of allochthonous material which fell into each stream during 
each month of sampling.  All numbers are average dry masses of matter 
collected. 
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