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Introduction 
 
In order to evaluate the success and productivity of habitat restoration works that have 
been developed directly by or in conjunction through partnerships with Fisheries and 
Oceans Canada (DFO), it is essential to assess the physical integrity and the utilization by 
juvenile salmonids of these works, particularly threatened Thompson Basin Coho stocks.  
This information is critical in determining the function and success of existing works and, 
for future project consideration, in identifying those habitat restoration options and 
components that would be most productive and successful 
 
There are a number of sites in the Bridge-Seton watersheds, Middle Shuswap watershed 
(Bessette, Duteau), Salmon, Nicola, Deadman, Bonaparte, and Raft River watersheds 
where riparian restoration and stabilization work has been undertaken within the last 15 
years.  It is proposed to assess and, when possible, quantify the utilization by juvenile 
salmonids of selected riparian restoration sites using a number of fish assessment and 
enumeration techniques (primarily netting and GEE trapping, using a mark-recapture 
technique for estimating rearing juvenile populations and calculating rearing densities, 
with the use also of electroshocking, if necessary).  Habitat characteristics (e.g. substrate 
type, physical complexity of the restored habitat, water quality/quantity, adjacent habitat 
quality, riparian cover, etc.) and fish data (numbers, lengths/weights, and species 
composition) will be collected. 
 
The physical integrity of sites will also be assessed, with information collected on 
changes in structure/stability (particularly older sites), degree of stream bank 
erosion/aggradation, extent and success of riparian re-vegetation, affect on adjacent 
riparian areas, etc.  Expected longevity of the structure and overall riparian stability 
achieved will be estimated.  Nearby unrestored (control) sites that exhibit riparian 
impacts will be assessed and compared to restored sites.  Any maintenance concerns will 
be identified through the physical assessment component. 
 
Assessment of these restoration sites will be undertaken in the Summer and early-Fall to 
evaluate and compare the utilization, importance and function of certain riparian 
restoration projects and prescriptions during critical habitat requirement periods. 
 
Where appropriate, nearby sites with no riparian restoration will be assessed and 
compared to restored sites.  Instream flow measurements will be done to determine flow 
variances in use as well as for assisting in fish flow determinations 
 
A number of off-channel habitat restoration projects will be assessed to determine the 
utilization by juvenile salmonids of the channels and of the various habitat features 
within the channel (e.g. undercut banks, rock clusters, LOD complexity/placements).  A 
comparison to mainstem habitats will be made.  The channel sites include Duteau Creek 
(Quesnel and Reuchel channels), Salmon River (Fellhauer, Willis Channels), Coldwater 
River (Juliett Channel, Juliett Beaver Ponds, Zoltan Koon Ponds), and North Thompson 
River (Raft River channel, Ianson Channel).  Assessment will involve similar juvenile 
enumeration techniques and data collection as above, with emphasis on GEE trapping 



and a mark-recapture technique for estimating rearing juvenile populations and 
calculating rearing densities.  Channel utilization by rearing juvenile salmonids will 
include the installation and operation of downstream smolt fences selected channels 
during early spring months.  The physical integrity and functioning of the channels will 
also be assessed. 
 
Project Schedule 
 
In the spring of 2005 DFO initiated a partnership between the University of British 
Columbia (Dr. Scott Hinch) and Thompson River’s University (Dr. Brian Heise) to assist 
in the planning and field operations of this project.  I have included the operating 
principles agreement designed by DFO and UBC for this particular project (see 1 below). 
 
 
1) Operating principles for the PST restoration evaluation study and the DFO/UBC 
partnership approach 
 
 
Overview of approach 

Strategy to achieve project objectives: RHQ-Area-UBC partnership. 
Purpose/advantage of partnership is to answer the project question (“effectiveness of 
restoration”) through a high level of scientific and field expertise at all stages of the 
study, and to guarantee high quality project deliverables (report) at end of March 
2006.  It is also expected that this research project will contribute wholly or partly to 
collaborative papers for peer-reviewed scientific journals. 
 
The BC Interior Area PST project is a pilot for this type of cooperative work. If 
successful, this approach may lead to future cooperative work consisting of high 
quality research and further enhance funding opportunities.  The current plan is for a 
UBC postdoctoral scientist, potentially aided by a doctoral candidate, assuming 
responsibility for aspects of leadership in the project.  These are proven scientists 
with considerable experience doing this type of work, who will be working 
cooperatively with a DFO-UBC steering committee. 

 
Operating principles and governance of project 
 
DFO 
• DFO is providing funding and overall scientific authority, and will provide significant 

project management advice and assistance.  
• The objectives of the project are set by DFO; roughly four levels (physical, biological, 

social, cost) in a decision making framework to determine the effectiveness of 
restoration projects. 

• DFO will; 
o review and approve the study design through the steering committee,  
o receive and comment on project progress (progress reporting will be part of 

this),  



o review and comment on draft report publication(s), and  
o maintain co-authorship on publications (lead writer of manuscripts will be 

first author, with order of other authors agreed upon by discussions between 
lead author and the steering committee; DFO will review and provide 
input/comments on all manuscripts). 

 
 

●  Outside of setting the project objectives, DFO has a wealth of knowledge and 
experience in the area to support the lead researcher(s). In particular they can provide 
access to field site data, site descriptions, site history, and can help with equipment needs. 
DFO can also provide valuable insights into aspects of study design and logistics dealing 
with sampling. 
 
UBC 
• UBC project scientists will be from the Centre for Applied Conservation Research 

(Faculty of Forestry) which will provide them with lab and office facilities  
• The UBC post-doctoral scientist will take the lead in study design, data analysis, 

write-up and help co-ordinate and be directly involved in the field collection of data. 
Other UBC participants (i.e. graduate students, professorial advisors) will provide 
advice and aid where possible in these activities.  

• All UBC participants will work cooperatively with the steering committee and DFO 
staff.  

• The post-doctoral scientist will have responsibility for; 
o proposing overall study design and its components,  
o organising meetings/distributing information to partners,  
o project implementation and oversight (including hiring if necessary with 

direct consultation with DFO partners),  
o daily decision making,  
o budget (in cooperation with steering committee) and field staff 

management,  
o data analysis, and 
o write-up. 

 
 
JOINT DFO-UBC STEERING COMMITTEE 
• A steering committee of DFO representatives Sean Bennett; Jason Quigley, Ryan 

Galbraith and UBC (Scott Hinch, Michael Cooperman, Maggie Branton) will work to 
provide overall guidance and specific input at key milestones during the year 
(milestones to be determined).  

• Decisions will be made by consensus 
• How “effectiveness of restoration” is defined is subject to discussion but will be 

proposed by the lead researcher and reviewed and approved by the steering committee.  
• There will be 2-3 formal meetings during project start-up and review and approval of 

study design and budget, then meetings as needed.  These meetings will focus on 
progress updates, problem areas, and discussion of solutions. 

 



This partnership between DFO and UBC was key to the success of this project and the 
development of the above written agreement clearly stated tasks, timelines, goals that 
each organization was responsible for. 
 
Methods 
 
1) Streambank Assessment Methodology 

 
The following presents a project framework and proposed methods for evaluating 

physical and biological responses to stream bank (e.g., meander bend) stabilization. 
Socio-economic issues and off-channel evaluation methods will be covered under 
separate title. 

The initial funding proposal for the project presented five objectives, and in 
essence they can be distilled down to 2 questions: Have restoration efforts produced 
identifiable responses, and, what can we learn from past efforts to help guide future 
efforts? A corollary question we may be able to address is, “which project type is likely 
to be the best approach given site specific conditions?” 

Specific information presented herein include procedures for site selection, a 
conceptual framework for data analysis, and the specific parameters to be measured and 
how they will be assessed. Limited specifics in terms of data analyses are included 
because data analysis will be guided by the strength of responses, amount of variance, 
sample sizes, etc. -- all things we really don’t have a good handle on right now. All work 
proposed will be done during the summer season when rivers are at or near base flow 
conditions (e.g., later half of June thru end of September-mid October). 
 The most challenging part of the project may well be the balancing act between 
intensive effort at limited locations versus more modest evaluations across a wider range 
of habitat conditions and project types. As appropriate, throughout this document a range 
of potential methods is presented in order to spark discussion of the trade-offs involved. 
 
Study Site Selection Criteria 
 Our project will be based on a one to one matched pairs approach, mating one 
location that has received stream bank stabilization work (treatment) with one nearby site 
that has not been stabilized (control). Due to logistic constraints, we will not include any 
“reference” reaches (e.g., pristine conditions). 
 
Inclusion criteria: We will focus on outside bends of river banks that have received some 
level of “restoration” effort. Roughly 200 such projects have occurred in the region over 
the last 15 or so years. For potential inclusion in the study, a project must: 
 ● Occur within an unbound alluvial valley. e.g., locations where river course is 
constrained on one or both sides by canyon walls will be eliminated from consideration. 
In application, this means rivers that approach within 10 m of a steep side-slope are 
eliminated.   
 ● Not be directly influenced by civil engineering works (bridges, road protection 
abutments and rip-rap, irrigation headworks, housing, etc.).   



 ● Not be directly influenced by tributary inputs. e.g., locations immediately 
downstream (i.e., within three meander amplitudes) from tributary inputs will be 
excluded from consideration. 
 ● Be in proximity to an untreated “control” bank. e.g., no more than 3 meander 
amplitudes apart, that meets above specifications. 
 Given the haphazard distribution of treated and untreated stream banks, it is 
impossible to mandate that control locations should always be upstream or downstream 
of treated locations. It probably doesn’t make much difference given that every treated 
location is bracketed by untreated bends some distance up and downstream and vice-
versa.  As a general rule, we’ll search upstream 1st and only use a downstream control if 
conditions upstream aren’t acceptable.  
 ● Lack extensive “supplemental” work. e.g., throughout the region there are 
locations where meander bend stabilization has occurred in conjunction with other in-
stream “active” restoration efforts such as engineered riffles, reconfigured channels, and 
upstream/downstream current deflectors not designed explicitly for bank protection. Sites 
that have received this “extra” active restoration will be excluded.  
 
Nested approach: Not all waters will receive equal effort. By concentrating effort within 
selected systems, we will have the opportunity for evaluating a range of project responses 
under a relatively uniform set of “higher order constraints,” such as regional land use 
pattern, sediment budget, system hydrology, etc. Additionally, it enhances a “meso-scale” 
understanding (e.g., how system properties immediately above and below the local 
project may affect response, potential for threshold response, etc.; described in greater 
detail below). Additionally, clustering effort within systems should simplify logistic 
considerations and, potentially, save travel time. 

We will distribute effort roughly proportional to the number of projects that exist 
within each system, with allowance for access and other considerations.  

The Salmon River has had 100+ local bank stabilization projects, provides good 
access via local roads, and has highly involved and cooperative land-owners. 
Comparably, the Bonaparte River has had 40+ projects and appears to also provide 
adequate road access. Both systems appear to be “wader friendly,” and have the best 
documentation of restoration efforts. The Salmon is in the relatively mesic eastern part of 
the region while the Bonaparte is in more xeric western region. The Salmon system will 
get roughly 40% of effort and the Bonaparte 30% of effort.   

Lewis Creek and a nearby stream (name unknown, near Heffley-Lewis Creek 
Road), are both wader friendly with good access and modest amount of restoration. Four 
additional sites we have not visited yet but have had modest levels of restoration are 
Bridgeton-Seton, Middle Shushwap, Bessette and Duteau systems. We will divide the 
remaining 30% of effort between these sites after conducting initat evaluation visits.  

The Nicola system presents a uniquely different condition from the systems 
above. It has received a significant amount of bank stabilization work (# projects 
unknown), but the restoration area lies immediately downstream of a lake outlet regulated 
for irrigation supply. Presence of a regulated lake alters sediment and nutrient budgets 
(lake influence) and hydrology (flow management for irrigation yielding high discharge 
in Nicola when other systems are falling to summer base flow levels). It is likely that 
system ecology in the Nicola has adjusted to these imposed parameters and therefore the 



Nicola may present notably different dynamics than other systems. Given lack of 
replication for lake outlet projects, we will not include the Nicola system in this effort.  
 
3) Stratified random selection –  For each watershed system studied, we will attempt to 
have 2 pairs of treated-untreated locations.  
 Within the Salmon and Bonaparte systems, site selection will be based on a two 
factor stratification process with random selection of specific projects within strata. First 
strata is location within the system (e.g., upper, middle, and lower segments; defined by 
partitioning main stems into roughly three equivalent segments). Second strata is density 
of restoration effort with each reach of a segment (low, medium, and high restoration 
density). Reaches are defined by geomorphic criteria and there may be several reaches 
per segment. Stratification by location-effort may help identify threshold responses / 
cumulative impacts.  
 Because spatial organization of projects and time limitations likely preclude a 
fully factored approach, we will target detailed effort to at least one high and one low 
density reach in either the middle or lower segments of the two rivers plus a low density 
reach in the upper segment (a control site not influenced by upstream restoration). 
Additional locations will be added as time allows to best characterize response to 
treatment across multiple strata. 
 In the other systems to be studied, specific projects to be evaluated will be 
selected by random selection, with relaxation for access and other logistic considerations. 
Stratification doesn’t seem practical given the overall low abundance of restoration 
projects. 
 For each project studied in detail, we will evaluate physical condition of the 
downstream meander bend to determine if restoration exports an affect. The ideal 
condition would be for each treated and untreated stream banks studied, the downstream 
neighbour would be untreated. However, in practice it may be difficult to find sufficient 
sites that meet all criteria, and this on can be most easily relaxed.    
 
4) How many sites per stream? This is a very difficult question to answer, because we 
really don’t have a solid estimate of time needed per location for the suite of response 
variable we will measure. Ultimately, sample size will be determined by time constraints. 
It’s always good to aim high and adjust as needed, and that is what we will do. 
Ultimately, we will visit as many locations as time permits.  
 Within the two primary watersheds, logistics and statistical power probably will 
converge on 10 contrasts (treated vs. untreated) within the two watersheds (5 in each), but 
we will always strive for more. In the other systems, we may be able to have one or two 
contrasts per system. This design allows for meaningful comparisons within systems and 
among systems.  
 
Data Analysis.  Its difficult to conceptualize how to analyze data without first knowing 
the variance structure, sample sizes, and what methods are really going to work and what 
are not. Here are some basics on a conceptual framework: 
  We have designed a hierarchically organized series of analyses. Please note that 
different levels of the hierarchy are not mutually exclusive as it is probably impossible to 
have such a set-up given the haphazard spatial-temporal organization of treated and 



untreated locations. Despite the potential for a false positive (claiming restoration is 
working when in fact no support for this exists) to be more damaging than a false 
negative (claiming no response to restoration when one really does exist), I suggest we 
apriori select alpha = 0.1 for statistical comparisons, as our data set is likely to be very 
“sloppy” owing to the wide range of unique site specific conditions.  
 
● Treated vs. untreated. Sample unit is individual river bank locations. Data analysis 
occurs at three levels: ANOVA of treated vs. untreated locations within a system, 
ANOVA of treated and untreated locations for all systems combined, and ANCOVA or 
multi-factor ANOVA with system as a parameter of treated vs. untreated locations 
between systems. In each case if statistical power is not sufficient for the ANOVA 
family, we will default to regression (a very likely possibility). If it enhances 
understanding, we can supplement analysis with a matched-pairs design for both within 
and among system comparisons. Logistic regression maybe a useful after the fact 
approach for identifying critical parameters differentiating treated from untreated.  

Non-metric multidimensional scaling (NMS), with follow-up cluster analysis if 
needed, will also be used for the all systems combined scale only. This will help identify 
if treated and untreated conditions can be separated in environmental space. 
 
● Downstream effect. Does stabilization of meander bends export effects (positive or 
negative)? 

For each stream bank that receives detailed assessment, we will evaluate physical 
conditions within the channel from the downstream end of the study bank to the end of 
the downstream meander bend, regardless of whether it is treated or not although 
untreated is the preferred alternative. Parameters measured will be a selected sub-set of 
the full treatment and include at a minimum thalwag depth, wetted width, bankfull width, 
and a measure of sediment condition. In cases where this downstream location is serving 
as the “untreated control,” the full set of measurements will be made.  
 
● Meso-scale approach. Upstream condition may influence local response to restoration. 
Therefore, for each selected meander bend (treatment or control), we will evaluate habitat 
condition for 20 bankfull widths upstream from the downstream terminus of the meander 
bend being evaluated. Parameters to be measured include number of pools, percentage of 
undercut banks, percentage of streambank eroding, percentage of bank protected by 
livestock exclusion fencing, percentage of bank vegetated, and percentage of bank 
actively restored (with note of the type of restoration that occurred) and channel and 
floodplain gradient. Response variables (treatment bank condition such as width to depth 
ratio) will be assessed across a continuum of condition (e.g., regression) and with muti-
variate techniques (NMS).  

An added bonus of this approach is that the geomorphic literature is largely 
consistent that in rivers of the types we are evaluating, pools are traditionally found once 
for every 6 bankfull channel widths. Significant deviations from this are indicative of 
channel aggradation and/or down cutting.   
Parameters to be measured: The majority of restoration evaluation efforts in the 
literature invoke the “Field of Dreams” premise of “if you build it, they will come.” 
There is plenty of justification for this physical approach to evaluation. However, there 



are many cases demonstrating even when physical habitat responds to restoration, the 
biota and system processes of the location do not respond. Hence, we will measure 
physical, biological and process oriented elements of the meander bend locations.  

Please forgive my horrible art, but here’s a schematic of a typical meandering 
river. Green ovals are meander bend pools, red squiggles are cross-over riffles, yellow is 
prograding point bar on inside bank, dotted lines are proposed transect locations and solid 
lines are the up- and downstream borders to the zone of interest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

● Habitat units: For each stream bank project evaluated, we will do a habitat unit 
survey beginning at the entry point into the downstream meander bend (A) and ending at 
the entry to the meander bend of concern (B). Habitat typing will be to the highest level 
of distinction possible and include primary (main channel), secondary (secondary 
channel, distinct entry/exit), and tertiary (separate from primary channel, no distinctly 
segregated by entry/exit points) designations of each habitat type (e.g., turbulent fast 
waters = falls, cascades, rapids, riffle or chute; non-turbulent fast waters= glide, run; 
scour pools = eddy, trench, mid-channel, convergence, lateral, plunge; dam pools= 
debris, beaver, landslide, backwater). Surface area of each habitat unit will be determined 
with tape measure and formative features of each unit will be logged. All large wood (>1 
m length & 3 cm diameter) will be located and counted. We will record water 
temperature and pH at 5 cm below surface and 5 cm of bottom at the 75% downstream 
distance of each habitat unit. If a field dissolved oxygen meter is available, we will 
measure DO for each habitat unit that constitutes >5% of reach surface area (e.g., save 
time by excluding very small units). Because time of day will greatly influence values, 
effort will be made to collect data at the same time each day, particularly within each 
treated-untreated pair. 

Data summaries of % of surface area in each habitat type will be compared 
between locations. Aggregation of units to higher order descriptions such as fast water vs 
slow water, erosionsal vs. depositional may occur, but at least we’ll have the details if 
needed.  

direction 
of flow 

A
B



 
● Channel dimensions via cross sections: Bankfull width and wetted width, 

stream bed elevation, water surface elevation will be measured along transect lines 
extended across the stream channel (dotted lines). Transects will extend 2 m beyond 
bankfull width, have data points every 0.5 m, and measure elevation to nearest cm. From 
this we get width to depth ratio, channel gradient, floodplain gradient, and other summary 
statistics. 

All locations will have a minimum of 3 transects, each extended across the 
channel perpendicular to thalwag. Restoration projects longer than 60 m will have 1 
additional transect added for each 20 m of length. Transects will be equidistance spaced 
along the meander bend, and extend from upstream entry to downstream exit from curve 
(i.e., cross over riffles will not be included in the X-sec surveys). In event a 
geomorphically significant anomaly is present along a transect location (LWD, boulder), 
it will be noted and then the transect line relocated upstream to avoid its influence (we are 
interested in base condition, not role of unique characteristics). 

For each meander bend surveyed, we will establish a long-term benchmark 
location, e.g., use a tree, large rock, or rebar stake and designate this location as the 
arbitrary elevation datum of 100. Provided a GPS unit is available with acceptable 
coverage, all benchmarks will be logged. 

 
● Streambed sediments:  At each point along the survey transect lines we will 

note dominant and sub-dominant sediment size class (silt, sand, small gravel, large 
gravel, cobble, boulder) and presence/absence of embeddedness (do larger particles of the 
substrate touch or are they separated from physical contact by fine particle accumulation, 
is >50% of large particle buried in streambed or exposed?). 

These data combined with wood surveys and other physical parameters will 
illustrate system retention capacity (i.e., greater roughness equals greater particulate 
retention, potentially greater invertebrate production and small fish habitat).  
 

● Riparian vegetation: Terrestrial vegetation can be a significant contributor to 
stream ecosystem function-processes via nutrient inputs, shade, physical habitat, erosion 
control, geomorphic influence, etc., while rooted and after falling into channel.  

Using 1 m on each side of survey transect lines (e.g., 2 m wide swath per transect 
line), follow line intersect approach to riparian shrubs and trees. Transects extend from 
stream bank to 2 bankfull widths out from channel edge or to livestock fencing, 
whichever is smaller distance. Surveys occur on both outside and inside bends of 
evaluation sites. Trees: record species, life stage (size based categories of 
adult/sapling/seedling), and DBH. Shrubs: note species and # of stems within the 2m 
wide swath. Ground cover: each three meters visually estimate % ground cover for the 
roughly 0.5 m2 area in front of feet. Density and evidence of natural recruitment of trees 
are response variables of interest. Note any presence of livestock grazing. 

We will also estimate surface area of stream channel and bank directly influenced 
by overhanging vegetation and note any structures that might offer significant levels of 
canopy closure. Estimate canopy closure (doubtful this is of any importance to any of our 
streams, but we’ll note it if it is). Evidence of out of bank flow will also be noted 



If the location had received plantings as a part of restoration effort, we will note if 
it is living or dead. 

 
● Periphyton Community: At this time there is agreement that periphyton would 

not be a significant indicator of site condition or response to restoration. Therefore we 
propose no periphyton work. I’ve left this section here to prompt DFO if they have a 
different opinion or care for more discussion. 
 

● Invertebrate Community: Invertebrates can serve as “ecological” integrators of 
habitat condition. We will follow the methodology of the reference condition approach 
(RCA) augmented with targeted surber sampling.  

 RCA: Basic method is a  time standardized multi-habitat kick-net sweep 
collected in the fall (e.g., September). First data analysis step is invertebrate biomass and 
diversity comparisons between treated and untreated locations. Second analysis is 
comparisons of sampled locations to RCA database “reference” condition. Data collected 
during physical site characterization are used to determine reference condition. The 
benefit of this approach is that we would actually be able to assess whether our sites 
appear to be within or outside the range of reference site conditions. Dedicated software 
for the RCA approach makes application easy along with calculating diversity, richness, 
evenness indicies.  

Supplemental Surber Samples: For each stream bank project studied, we will 
collect a single surber sample at the tail out of meander bend pools, a standard location 
that will strongly reflect local sediment erosion/deposition dynamics. Samples will be 
collected at the time of the physical habitat survey (different timing than RCA samples). 
Samples will be split 50% for biomass determination and 50% for EPT ratio and indicator 
species abundance (I think hydropsychid caddis flies and/or perlodid stoneflies are good 
choices and quick to do, but need local expert input).   
   
 ● Fish community: We will use baited minnow traps placed near outside and 
inside bends of meander pools to determine if treated and untreated locations support 
different fish communities and/or abundances. We will use six traps per meander bend 
project (three each inside and outside bend). We will not trap secondary/tertiary habitat 
features as the potential exists for this effort to grow significantly beyond our capacity.  
 Traps will be deployed at the end of a work day at the location to be sampled the 
following day and allowed to fish over night. Traps will be collected first thing upon 
arrival at a site, with each collected fish identified to species and released. We will not 
measure individuals, but will note if atypical individuals are collected. 
 
 
2) Off-channel Assessment Methodology 
 
Over the last decade or so, numerous aquatic habitats have been restored or created on the 
floodplains of Kamloops’ area rivers, including both artificial channels (lotic) and ponds 
(lentic except for distributary channel). Some, including those of the Coldwater system 
near Merritt and the artificial channels of Lemiux Cr. and N. Thompson, have received 
intensive study. Others have had more modest evaluation, such as fish counts for the 



Salmon River floodplain ponds, while others, to the best of my knowledge, have not had 
any post-project completion evaluation. This proposal delineates our approach for 
evaluating the functionality / value of the engineered floodplain habitats of the Kamloops 
region with emphasis on salmonid production. 

Human created river floodplain habitats offer an incredible opportunities for 
scientific study, including evaluating if the habitat is functioning like a natural system 
(ecology of system), how selected biota use the system (ecology of organisms), and 
whether or not the system is fulfilling the specific purpose for which it was created (did 
we get what we paid for). Without belaboring the point, the first two questions are largely 
beyond the scope of this research proposal because of time and budget constraints. For 
example, we do not have the opportunity to impose rigorous experimental controls on the 
systems, nor study the progression of ecological processes through an annual cycle, nor 
do we have the opportunity to track individual or population dynamics through time such 
as over-winter.  

What we can do is capture a relative snap-shot of existing conditions (abiotic 
conditions, food supply, target population demographics) and compare the data to sililar 
past efforts and see how our systems measure up. By in-large, this is consistent with the 
approach of evaluating the systems ability to perform specific tasks, and in the case of 
Kamloop’s engineered off-channels, this means rearing for young Coho (other species are 
rare in off-channels and therefore will not be targeted). 

To accomplish this, our effort focuses on the population level responses of habitat 
specific fish densities and size / condition factor, relating these parameters to a few 
simple environmental metrics such as periphyton biomass / Chl A concentration and 
water temperature, and comparisons between off-channel projects and nearby portions of 
main stems. We will also have a few simple measures of ecosystem functionality, such as 
off-channel : mainstem connectivity during low water conditions.  

The methods proposed were selected because they fit the rather narrow time 
window available for the effort. Conservatively speaking, field work is going to start the 
last week of June, with bio-physical habitat surveys of stream bank stabilization projects 
being the primary focus. We want to visit at least 20 treatment-control pairs, which will 
probably take at least 40-50 days, bring us to mid-late August. By the time we enter the 
last week of August and early September, the invertebrate sampling for the RCA 
approach to stream bank stabilization has to occur. Figure at least 5-10 days of effort. 
This leaves about 2-3 weeks of time for the off-channel evaluation, sometime in either 
mid-August or mid-September. Either time frame would work well for our purposes, but 
perhaps mid-August is better as it is probably the most stressful time (thermal, river 
discharge), and therefore the period when artificial channels with ground water influence 
may be most deviant from mainstems, thereby illustrating an important ecological 
feature.  

Although a measure of early season coho production (e.g., number of young coho 
entering a system) would allow for calculating survival parameter, its not essential, as the 
primary question is “how many” are being produced in the off-channels and we get this 
from end of season data. To illustrate, although it would be interesting to know if 1000 
entered in June and we had 10 survivors in September versus if 10 entered in June and we 
had 10 survivors in September, the key number is the 10 survivors as this represents the 
output of the capital investment.     



Site Selection 
    Based on material present within the initial research proposal, we’ve identified 
18 off-channel projects exist, with 4 of them having been subjected to intensive study in 
the past, and 1 possessing apparently unique conditions limiting its utility as a study site. 
We will visit, and plan on working in, the remaining 13 sites. We will not repeat efforts at 
sites that have been evaluated in the past. 
 
Locations with past work done (3 channels + 1 pond system):  

Coldwater River: Juliet Cr. off-channel, Zoltan-Koon ponds. 
N. Thompson R.: Ianson channel 
Lemiux Cr. off-channel. 

 
Locations without detailed evaluation (11 channels + 3 ponds): 

Nicola R.: Sherman Channel, Quilchena channel 
Salmon R.: 3 off-channel ponds. 
Deadman R.: Brousseau channel 
Duteau Cr.: Quesnel channel, Reuchel channel 
Middle Shuswap R.: Maltman channel, Bigg channel 
N. Thompson R.: Raft River channel, Avola channel 

 
Unique location (Coldwater beaver complex): 
 There is a relatively large beaver pond complex alongside the mainstem of the 
Coldwater River. Historically disconnected from the mainstem, recent efforts connected 
the beaver complex to the system allowing for fish entry. Given that this system appears 
to be quite a bit different than the others, we lack replication and comparisons for data 
analysis. Plus, if this location is a true unique “project of opportunity,” potential for 
future replicates are non-existent and evaluation of this one doesn’t contribute guidance 
to future management efforts. Hence, we will not work in this location.    

 
Within each study location, we will focus efforts on pools, as these are where the 

coho are almost exclusively. For each artificial channel, we will divide the channel into 
100 m lengths and select 3 at random. If channels are between 100 - 300 m, we’ll divide 
system into 3 equal lengths, if <100 m, we’ll have 2 segments. Within each selected 
segment, we will select 1 pool at random for detailed study. Hence, each project will have 
2 or 3 replicate efforts. For lentic systems, we’ll study up to 2 pools per project, selected 
at random.  
 
 
Parameters / methods 
1. Habitat survey.  

Physical conditions. For each study pool, we’ll determine surface area and 
volume, mean and maximum depth, abundance of cover (ie., undercut banks, 
overhanging veg., river wood accumulations, etc.) and water column velocity at surface, 
mid-point and bottom. Substrate will be qualitatively categorized (e.g., percentages of 
silt, sand, gravel, cobble, embeddedness, etc.). 



Water quality. Provided data loggers are available, I suggest 72 hourly data points 
for water temperature. Measurements will be taken at 2 locations per pool, at 0.5 m deep 
and at deepest accessible point in pool. If loggers are not available, we will get a depth 
integrated measure of temperature at time of habitat survey with hand held unit. Provided 
means exist for determining dissolved oxygen and pH, these will also be measured. 
 Connectivity.  For each off-channel complex, we will evaluate the level of 
connectivity between off-channel feature and mainstem by evaluating distributary 
channels for physical and thermal barriers to movement between the 2 habitats (e.g., 
unusual shallow points such as bars built at the mouths of channels, atypically 
shallow/slow water patches subjected to thermal heating, etc.). 
 
2. Coho in pools. 

We will set one baited minnow trap per 5 m3 pool volume for each study pool. 
Traps will be distributed in proportion to habitat availability (e.g., within and without 
cover, along depth contours, etc.). Within each trap strata, we will select for “good 
habitat,” as the goal is to best characterize the coho population, and true randomization 
without bias isn’t really possible.  

Traps will fish for two hours, at the end of which we will count all coho in each 
trap. If <20, we will collect detailed information on all. If >20 individuals, we’ll 
randomly select the 1st 20 for detailed measurements. Measurements will include: fork 
length, eye diameter, clystrum depth, wet weight. Note will be made of any unusual 
conditions (parasites, fin damage, aberrant coloration, etc.). 
 
3. Periphyton biomass and Chl. A concentration. 
 Periphyton standing stock and Chl A concentration will be determined from 
artificial substrates (tiles) placed early in the season. All tiles will be deployed within a 
single week, preferably during late June. Eight tiles will be deployed per pool, four at 
depth of 0.5 m and four at mean pool depth. In cases where mean depth approximately 
equals 0.5 m, only four tiles will be used.  
 Although we can not control for grazing, periphyton standing stock and chl A 
concentrations have been shown to be correlates of system productivity (i.e., invertebrate 
abundance) and coho fry size. We will evaluate this relationship to see if it holds for 
these systems. 
  
 
3) Social Effectiveness Draft Proposal  
 
The success of restoration projects is largely dependent upon the support and 
participation of local communities.  In areas where streams run through private property, 
individual landowners with property adjacent to streams determine whether or not 
projects can be implemented on their property.  It is also the landowner who is able to 
regularly monitor the integrity of projects on their property and inform those in charge of 
the restoration if there are problems with it.  In addition to improving fish habitat, one of 
DFO’s goals in supporting a restoration program is that through interaction with 
restorationists and familiarity with restoration projects on their own land as well as in the 
community, landowner stream stewardship will increase.  The goal of this assessment is 



to evaluate if and how stream and off-channel restoration work that has been carried out 
in the Southern Interior of British Columbia has impacted attitudes and behaviour of 
landowners with property next to streams that have had restoration projects conducted on 
them1.  No similar survey was conducted prior to restoration projects being implemented, 
therefore the impact of restoration projects will be assessed by comparing study groups in 
watersheds which have undergone different intensities of restoration (e.g., 40+, <10, no 
known restoration projects) to determine if the number or effectiveness of projects can be 
used as a predictor of behaviour and attitudes.     

1.1 Survey Design 
The survey is designed to gather information relating to six general categories of 
information as summarized below: 
 

1. Standard demographic information;  
2. Knowledge and opinions about the stream, specifically relating to fish and the 

health of the stream;  
3. Perceived threats to the stream; 
4. Knowledge about local restoration related volunteer groups and restoration 

projects; 
5. Level of support for fish and wildlife restoration; and 
6. Interest in future participation in restoration related activities. 

 
A draft of the questionnaire that will be used in this survey is provided as an attachment 
to this document.  Questions associated with each of the above categories are included in 
the questionnaire.  The questionnaire will be provided to the steering committee for their 
comments and adjusted accordingly.  The questionnaire will also be reviewed by a 
sociology professor in the Department of Forestry from UBC and a statistician from 
StatsCan to ensure that questions are appropriate and are being asked in a way that lends 
itself to data analysis.  
 
Prior to finalizing the survey it will be distributed to a group of individuals (associated 
with this project and from Kamloops DFO).  They will be asked to fill out the survey and 
indicate if any of the questions were problematic in terms of wording or the options 
provided for responding to the questions.  A review of the responses from this “pre-
survey” with a group with a known likely bias will confirm if the questions function as 
intended. 

                                                 
1 Many of the areas with restored off-channels have had no streambank restoration done in nearby streams.  
In some cases the off-channels are in areas that the general public may have little knowledge about (e.g., on 
private lands or in remote areas)  or they may be in areas that have substantial signage regarding the project 
(e.g., the Adams River off-channel).    There is no straightforward way of identifying a study group in these 
areas other than the general public.  The exception to this is the Salmon River which has had both 
streambank and off-channel restoration work done.  As such, awareness of and response to off-channel 
restoration projects will likely be limited to the Salmon River study group. 



1.2 Study Group 
Individuals who own land adjacent to streams are the focus of this study as they have the 
potential to be most directly impacted by stream restoration and are the most likely to 
have informed opinions about the subject.  These landowners will be identified through a 
search of the database of domestic and irrigation water license holders.  There is some 
error in this sample group selection as not all water license holders will own properties 
immediately adjacent to streambanks, however this is the most direct and likely way to 
capture the targeted study group.  Other studies support the selection of a specific group 
rather than the general public to increase responsiveness to the survey (e.g., Connolly et 
al. 2004).   
 
Approximately one quarter to one third of individual households per stream will be 
randomly selected using a random number generator.  The final percentage will be based 
on a maximum of 300 households.  This will result in a study group of approximately 300 
households.  The study streams will represent a continuum in terms of the intensity of 
restoration work (including streambank and off-channel restoration) that has been carried 
out.  Several of the streams will also have biological and physical data collected on them 
(i.e., Salmon River, Bonaparte River, Bessette Creek, Louis Creek).  The streams that are 
currently being considered for this study are listed in Table 1.  The final design and level 
of effort will determine if some of these streams are excluded from the study.      
 
Table 1. Proposed study streams, number of associated water licenses and 
restoration projects. 

Stream Number Restoration 
Projects 

Number of Water 
Licenses 

 

Salmon River 100+ 241 84 
Bonaparte River +/- 40 114 40 
Nicola River2 111  39 
Bessette Creek 51  18 
Louis Creek <10 32 11 
Similkameen 
River 

No known projects 102 36 

San Jose River No known projects 23 8 
Chilcotin River No known projects 35 36 
Deadman River  28 10 
 
 

1.3 Survey Methods 
There are several possible ways to approach evaluating the community’s response to 
restoration projects including surveying people’s attitudes through written questionnaires, 
telephone surveys, or in-person interviews.  A tiered approach to the administration of the 
survey is proposed.  Initially, the study group will receive a series of mailings including a 

                                                 
2 The Nicola River is included because of the intensity of restoration work that has been conducted there in 
recent years.  There is no plan to do a physical or biological assessment of the Nicola River in 2005. 



questionnaire.  If the response is 50% or greater, no additional survey techniques will be 
employed.  If the response rate is below 50%, three alternative approaches are available 
to us: 
 

1. Additional mailings to all non-respondents.  This has been shown to increase the 
response rate up to >80% (Clendenning et al. 2004). 

2. Telephone follow-up with randomly selected individuals from the initial sample 
group (Connelly et al, 2002).   

3. In-person follow-up with randomly selected individuals from the initial sample 
group.   

 
Due to time constraints a maximum of 50 individuals would be surveyed in approaches 2 
and 3.  Two approaches could be used to select this sample group.  A set number of 
interviews could be conducted in each watershed (e.g., 5 per watershed) or the 
distribution of this effort across watersheds could be proportional based on the total 
response rate (e.g., interview enough individuals in each watershed to bring response rate 
up to a predetermined level which may or may not be 50% depending on the initial 
response rate).   

1.4 Estimated Costs and Level of Effort 
We have discussed several options for administering this survey.  The general consensus 
is that initially a written survey will be mailed out to 300 households. Reviews published 
on how to maximize response from mailed out questionnaires include the following steps. 
   

1. Send out a letter indicating that a survey will be sent out in the next few 
days, a description of what the purpose of the survey is and how the 
study group was selected.   

2. Mail out the survey three days later.   
3. Two weeks following the mailing of the survey a postcard reminder is 

sent to everyone who received a survey to say thank-you if it has 
already been returned and a friendly reminder if it hasn’t.   

4. One week later send out a second survey to non-respondents to ask 
them again if they can return the survey as their opinion is valued.   

 
Increases in response rates could be achieved by sending up to seven mailings 
(Clendenning et al. 2004).  Other related suggestions to maximize response rates are to 
send out the survey with a colour picture on the front of the survey to draw attention to it, 
use of a large envelope for the questionnaire that will be less likely to be discarded as 
junk mail, sign the letters by hand, address the envelopes and postcards by hand and 
supply a return envelope with a stamp on it (i.e., not bulk mail) (Clendenning et al. 2004, 
Cui 2003).  University stationary should be used along with a non-DFO address to assure 
respondents that the survey is not being conducted directly by DFO.   
 
After reviewing a number of papers (e.g., Clendenning et al. 2004, Cui 2003), I would 
recommend that we proceed with the four contacts described above.  As discussed 
previously, if the response rate is less than 50%, additional contacts can be made by mail 



(Clendenning et al. 2004), telephone (Connelly et al, 2002) or in-person.  Estimated costs 
and level of effort associated with all of these options are provided in Table 2.     
 
Table 2. Estimated costs and level of effort. 
Activity Item Estimated Costs Person-hours 
Initial mailingsa (4)  Postage 

Stationary and copying 
$600 
$1000-1500 

24 – 32b 

Follow-up mailingsc (3 
@70% of initial 
mailings) 

Postage 
Stationary and copying 

$315 
$525-$800 

13 - 17 

Telephone Interviewsd 
(40) 

Long distance charges minimal 20e 

In-person interviewsd 
(40) 

Transportation, gas and 
possibly lodging 

$1500-2500 160 – 240 f 

aAssumes eight streams and approximately 300 individual households will be included in the survey. 
b Assumes that approximately 50 letters could be signed, addressed and stamped in an hour each step would 
take approximately 6 - 8 person hours to complete  
cAssumes 3 additional mailings and that 70% of the initial study group will be contacted again. 
dAssumes five non-respondents per stream will be contacted. 
eAssumes 0.5 hours per call 
f Assumes five interviews per day for eight days plus a contingency of two to four days assuming that not 
everyone will want to participate and some people will not be home.   
 
 
The primary tasks that will be associated with this study are (not necessarily in 
chronological order): 1) modification of DFO questionnaire (a draft will be developed 
and circulated to the steering committee for input before being finalized); 2) submission 
of the questionnaire to the UBC ethics approval committee; 3) identifying study groups; 
4) distribution and collection of the questionnaires; 5) analysis of questionnaire 
responses; and 6) report preparation. 
 
 
Results 
 
The results for the three different assessment phases of this project 1) Streambank 2) Off-
channel and 3) Social have been written in scientific journal format for the purposes of 
submittal to numerous journals for publication.  All papers generated as a result of this 
project will be forwarded to the PSC by Sept 31, 2006. 
 
These include: 
 
1)  The first document is the comprehensive report of our findings and will include 4 
chapters (streambank rehabilitation assessment, off-channel assessment, the social 
survey, and a recommendation chapter). 
 
  2) A manuscript that will be submitted to the journal “Fisheries” which is essentially an 
edited version of the streambank rehabilitation chapter. 



 
3)  Third, we intend to submit the off-channel assessment chapter as a stand alone 
document via the Canadian Manuscript Report of Fisheries and Aquatic Sciences route. 
A publication number from the Ottawa office has been requested for the report.  
 
4)  A copy of the social assessment chapter is also planned to be submitted as a stand 
alone document via the Canadian Manuscript Report of Fisheries and Aquatic Sciences 
route. 
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