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Executive Summary 
Kennedy Flats Watershed is located in Clayoquot Sound, on the west coast of Vancouver 
Island, in British Columbia, Canada (Figure 1). Much of the watershed was logged between 
1950 and 1980. Logging and salvage practices of the time were not designed to protect 
streams or fisheries resources and as a result many of the streams in the area have reduced 
fish access, poor water quality and altered hydrological function. 
 
The Kennedy Flats Watershed Restoration Project (KWRP) was initiated in 1994 under the 
federal Canadian Salmon Enhancement and Restoration Fund (CSERF) and continued in 
1995 under the provincial Forest Renewal BC (FRBC) Watershed Restoration Program 
(WRP). Since that time, local restoration crews have been working to restore the 
hydrological, biological, riparian, and ecological functions of the Kennedy Flats Watersheds. 
Methods used have included removal of non-embedded small woody debris (SWD), 
anchoring of large woody debris (LWD) into functional structures, spawning gravel 
placement, riparian restoration, landslide restoration and road deactivation. Tofino and 
Thornton Creek Salmon Enhancement Societies have also been working to augment salmon 
populations through their hatchery programs and spawning gravel placement projects. 
 

Figure 1.) Kennedy Flats on 
Vancouver Island, B.C. 
 
Restoration work continued in 
2007 thanks to funding from 
Parks Canada Ecosystem Integrity 
Fund and FIA funding from 
Iisaak Forest Resources Ltd and 
International Forest Products Ltd.  
A crew of thirteen worked for 
thirteen weeks in total, from June 
25th to September 19th.  The first 
seven weeks of the project was 
devoted to riparian restoration 
and instream restoration on reach 
1 of Lost Shoe Creek in the 

Pacific Rim National Park Reserve.  From Station 0+000 m to 0+737 m, 1500 Sitka Spruce 
(Ss) and Western Red Cedar (Cw) saplings were planted in clusters where patches of over-
mature Red Alder (Dr) had been removed. This was completed in accordance with the 
riparian restoration prescription written by V.A Poulin. With the assistance of a helicopter, 
the removal of non-embedded SWD, the dismantling of unstable log jams and the 
installation of stable LWD structures and ballast was also carried out on this portion of 
Reach 1 of Lost Shoe Creek. The remaining six weeks of the project was dedicated to 
maintenance activities, spawning gravel placement, and additional instream restoration in 
other areas of Kennedy Flats. Maintenance work was conducted on reach 4 of Lost Shoe 
Creek, and the Riffle Range Tributary KR2B. To improve spawning habitat, a total of 46 
cubic meters of spawning gravel was delivered and divided between Salmon Creek, 
Kootowis Creek, and Staghorn Creek.  
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The additional instream restoration that occurred on KR2 in the Kootowis Creek Watershed 
(from Station 0+074 m to 0+641 m) and for reach 4 of Lost Shoe Creek (from Station 
4+920 m to 5+220 m) consisted of the removal of non-embedded SWD, the installation of 
LWD structures, and the dismantling of major debris jams that were disrupting the flow of 
the creeks.   
 
Summary of Restoration Activities Completed in 2006.  
Activity  Watersheds  Achievements  

Kootowis 
Creek 

Conducted maintenance sweeps on KR2B from Station 0+000 to 0+054 
m and from road crossing Station 0+000 to 0+907 m, 17 LWD 
repositioned and cabled, 130 m of cable used, removed 4 m³ of SWD  

Maintenance  

Lost Shoe 
Creek  

Conducted maintenance sweeps on LS4, from Station 4+635 to 4+865 
m, 2 LWD cabled, 4 m of cable used, 1 m³ of SWD removed  

Riparian Lost Shoe 
Creek 

Planted 1500 Ss and Cw over 737 m, from 0+000 to 0+737 m, fell Dr, 
brushed planting areas for cluster planting 

Kootowis 
Creek 

Restored  567 m of stream channel on KR2, from Station 0+074 to 
0+641 m, dismantled 14 log jams, repositioned and cabled 160 LWD, 
used 199 m of cable, 45 m³ of SWD removed 

Lost Shoe 
Creek  

Restored 737 m of stream channel on LS1, from Station 0+000 to 0+737 
m, dismantled 12 log jams, repositioned 261 Dr, repositioned and cabled 
67 LWD and 35 root wads using 628 m of cable, 170.5 m³ of SWD 
removed, 55 ballast rocks anchored 

Lost Shoe 
Creek 

Restored 300 m of stream channel on LS4, from Station 4+920 to 5+220 
m, repositioned and cabled 129 LWD, used 193 m of cable, 58 m³ of 
SWD was removed 

Instream 

Salmon Creek  Restored Station 1+603 m, repositioned 14 LWD, removed 6 m³ of 
SWD 

Kootowis 
Creek 

Spawning gravel installation of 9 m³ at bridge site on K5 

Salmon Creek Spawning gravel instillation of 1.5 m³ at Station 1+603 m 

Spawning 
Gravel 

Staghorn Creek  Spawning gravel installation of 35 m³ area at bridge sites on S1 and S2.  
 
While implementing restoration work on Salmon Creek (1+603 m), the CWFS crew worked 
with Tad Williams (Ucluelet First Nations Fisheries Coordinator), John Touchie (from 
Ucluelet First Nations), and Katie Beach (Nuu-Chah-Nulth Tribal Council Fisheries 
Biologist). The crew worked for a full day at this site removing SWD and re-positioning 
LWD within the Creek to improve the flow of the stream and reduce the flooding that was 
occurring in the surrounding forest. 
 
These and previous years’ efforts have resulted in increased fish access and improved health 
of the creeks and bordering riparian forests. A marked improvement in stream condition, as 
well as increased fish escapement has been documented through annual monitoring. The 
local community has benefited from the employment and training opportunities provided by 
this project, and strong partnerships have been built between various community and 
stakeholder groups. 
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Introduction 
Kennedy Flats Watershed is located in Clayoquot Sound, on the west coast of Vancouver 
Island. The watershed contains approximately 420 km of fish bearing streams.  Several 
creeks within the Kennedy Flats watershed flow through the boundaries of the Pacific Rim 
National Park Reserve Long Beach Unit. Much of the watershed was logged between 1950 
and 1980, including 26 percent of the Long Beach Unit of Pacific Rim National Park 
Reserve prior to its designation in 1970.  
 
Historical harvesting practices such as cross-stream yarding and the removal of riparian 
vegetation and trees have severely and negatively impacted riparian ecosystems and stream 
function in the Kennedy Flats Watershed (Figure 2). Declining salmonid populations are 
commonly associated with this type of habitat degradation (Frissell, 1993). In recent years, 
substantial efforts have been made to develop policies and regulations in British Columbia 
that protect riparian and stream habitat. Considerable efforts have also been made, on the 
part of CWFS and Pacific Rim National Park Reserve, to rehabilitate damaged streams and 
riparian ecosystems in the Kennedy Flats Watershed as well as other watersheds in both 
Clayoquot and Barkley Sound. 

 

 of 

 

ee 

1. 
e been a new priority. 

                                                

Figure 2.) Cleaning stream with 
bulldozer, 1971. 
 
Current timber harvesting 
regulations in British Columbia 
(BC), Canada now require reserve 
zones of riparian vegetation 
adjacent to most fish-bearing 
streams.  Prior the introduction
the Coastal Fisheries/Forestry 
Guidelines in 1988, and the Forest 
Practices Code in 1995, most 

riparian areas were logged to the stream edge. As a result of increased public concern for 
Clayoquot Sound, additional stream protection practices were adopted in 1995 with the 
development of the Clayoquot Sound Scientific Panel Recommendations. Changes also 
occurred in 1997 with the federal mandate for the management of Federal Parks in Canada. 
Parks were no longer to be managed primarily
for the recreational experience; instead they 
were to be managed for ecological integrity (s
inset). Given the long and narrow physical 
nature of Pacific Rim National Park Reserve 
(both the Long Beach and West Coast Trail 
units), the Pacific Rim National Park Reserve 
was estimated in 1997 to be among the top five 
National parks at risk for ecological integrity.  
High public use as well as past forestry practices played a significant role in that designation
Ecosystem restoration has sinc

 
1 Historic forest practices were listed in the Pacific Rim National Parks Reserve (draft) ecological statement (March 2001) 
as the number two stressor behind human use. 
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Within the proposed management guidelines, the first two strategic ecological objectives are: 
• Objective 1 – Maintain and enhance ecosystem structure: promote the ecological integrity of the 

Park by applying a regional approach to habitat supply and habitat connectivity so as to maintain 
viable populations of all native species; 

• Objective 2 – Maintain and restore natural ecological processes and indigenous communities: 
functioning ecosystems depend on natural processes and community structure.  Where these are 
damaged, ecosystem function can be restored by protecting, restoring and maintaining processes, 
floral and faunal communities, and the interactions between processes. 

 
A high priority is placed on restoration by Parks Canada, which is highlighted in a number of 
important agency documents that provide direction: 

• Canada National Parks Act, section 8(2) “Maintenance or restoration of ecological integrity, 
through the protection of natural processes, shall be the first priority of the Minister when considering 
all aspects of the management of parks.” 

• Guiding Principles and Operational Policies, section 3.2 Ecosystem Based 
Management (3.2.3) “National park ecosystems will be managed with minimal interference to 
natural processes. However, active management may be allowed when the structure of function of an 
ecosystem has been seriously altered and manipulation is the only possible alternative available to 
restore ecological integrity.” 

 
The Kennedy Flats Watershed Restoration Project (KWRP) was initiated in 1994 under the 
federal Canadian Salmon Enhancement and Restoration Fund (CSERF), and sustained from 
1995-2000 under the provincial FRBC Watershed Restoration Program. Restoration efforts 
continued in 2007 thanks to the Parks Canada Ecosystem Integrity Fund, and FIA funding 
from Iisaak Forest Resources Ltd and International Forest Products Ltd. (as well as other 
one-time sources identified by the CWFS).  The objectives of the project are to restore the 
hydrological, biological, riparian and ecological functions of the Kennedy Flats Watershed.  
 
Level 1 and level 2 habitat inventories were conducted on the watersheds in 1995 and 1996 
(Clough et al), and a detailed watershed restoration plan was completed in 20012 (Warttig et 
al., 2001). Described in this comprehensive plan is the restoration approach to be used, 
which includes priority rankings for restoration (critical, high, moderate or low) for all 
stream reaches, roads, and riparian areas in the watershed. This report includes a description 
of work undertaken in 2007, including the overall restoration approach and specific methods 
used. Each year the sites are documented with output tables, before/after photos and 
monitoring templates. 
 
The focus of the CWFS restoration programs has been the Kennedy Flats area, both outside 
and within the parks boundaries.  These restoration programs have been significant, with 
over 40 ha of landslide hydro-seeding, 10 ha of landslide soil bio-engineering, 114 km of 
road deactivation, 46 ha of riparian and 70 km of full stream restoration. While these efforts 
have been followed up on with basic monitoring requirements3, there has only been a small 
amount of effectiveness monitoring from the perspective of ecological integrity.   

                                                 
2 Despite being initiated in 2000, the Restoration Plan meets all of the criteria of a 2004 policy document prepared for the 
Ecological Integrity Branch of Parks Canada entitled “A Path Forward for Ecological Restoration Policy in Parks Canada”. 
3 Compliance/Inspection monitoring (did we do what we said we were going to do?). Routine monitoring (is the site 
functioning like we predicted it would?)  
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Ecological Integrity Criteria 
 
National Parks are not isolated; they are core protected areas within the surrounding 
landscapes. Given its long and narrow nature there is significant influence of the 
surrounding landscape on the core protected area, this is especially true for the Long Beach 
Unit. National Park areas are supposed to provide clean water, healthy habitat and healthy 
wildlife, which can be disrupted by activities both within and outside of the core protected 
areas. Most of the streams within the Kennedy Flats area either originate or exit through the 
long Beach Unit. Because of these factors, the area of interest for restoration and monitoring 
activities was defined as Kennedy Flats. 
 
There is now a Federal requirement to assess the “state” or the ecosystem health of the Park, 
and reassess every five years for an indication of trend. While there are a number of 
indicators identified for measuring ecosystem health, the criteria (what is Ecological 
Integrity?) can be difficult to define. 
 
Ecological integrity, with respect to a Park, is “a condition that is determined to be characteristic of its 
natural region and is likely to persist, including abiotic components and the composition and abundance of 
native species and biological communities, rates of change and supporting processes”4. The ecological 
restoration approach adopted by Parks Canada is not to reproduce an historic ecosystem 
state, but rather to accelerate the processes that will lead to something that is characteristic 
of the Park’s natural region. The restored ecosystem would be comparable to one of the 
conditions in which the original ecosystem would have evolved (Warttig, 2006). 
 
The type of forest ecology that is characteristic of the Long Beach Unit is late seral (>300 
years) coastal temperate rainforest composed primarily of cedar and hemlock and associated 
plant communities. Assuming that native species and biological communities have adapted 
to this forest structure, the characteristics of the late seral forest ecology (stream and 
terrestrial components) would form a benchmark for measuring Kennedy Flats restoration 
trends5. Trends in the restored settings towards those of the natural setting that occur at an 
accelerated rate (compared to the settings without restoration) would be the basis for 
reporting the improvement to the Parks Ecological Integrity (see inset). 

 

                                                 
4 Canada National Parks Act 2000 
5 This method of monitoring also meets the Clayoquot Biosphere Trust criteria for their monitoring  
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Methods 
 
Restoration Area 
Kennedy Flats Watershed is located in Clayoquot Sound on the west coast of Vancouver 
Island. It is watershed #249 under the former Ministry of Environment, Lands and Parks’ 
2002-2003 Resource Management Plan (Ministry of Environment, Lands and Parks, 2003) 
(Now Ministry of the Environment). Most of the area is provincial crown land (Figure 3).  
 
Figure 3.) Kennedy Flats project area and adjacent sub-basins. 

Primary tenure holders 
on the provincial 
crown land are 
currently 
Mamook/Coulsons, 
and Iisaak Forest 
Resources Ltd. Pacific 
Rim National Park 
Reserve occupies the 
majority of the 
remainder of Kennedy 
Flats. The watershed is 
designated a target 
watershed, of high 
priority for restoration 
by both Provincial and 
Federal governments. 
The Kennedy Flats 
covers an area of 129 
km², and consists of 
nine watersheds; 
Kootowis, Hospital, 
Sandhill, Staghorn, 
Trestle, Trestle South, 
Indian, Lost Shoe, and 
Salmon Creeks. There 
are several adjacent 
watersheds that have 
streams with similar 
characteristics and 

restoration requirements; the restoration area will likely be expanded to include these 
watersheds in the future increasing total area to 197 km2.  
 
The Kennedy Flats is part of the Estevan Coastal Plain, and is characterized by low-gradient 
streams with meandering channels and broad floodplains. The streams in this area have 
historically supported populations of coho, chum, chinook, pink, and sockeye salmon, as 
well as steelhead, cutthroat trout, rainbow trout, lamprey, pea mouth chub, stickleback and 
sculpin (Warttig et al., 2001).  
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Much of the Kennedy Watershed was logged between 1950 and 1980. Early logging 
practices often involved cross-stream yarding, the use of under-sized wood-box culverts, and 
poorly built roads. After harvest, large amounts of both small and large woody debris (LWD) 
were left in-stream and subsequent salvage logging for shake and shingle introduced large 
amounts of additional residual wood waste (small woody debris (SWD)) into the streams 
adding to the excessive debris problem. When combined with large downed logs (that span 
the width of the stream) the SWD often resulted in debris jams (Figure 4). These jams 
restrict water flow and lead to: flooding of the surrounding riparian forest, reduced scouring 
ability, and poorer water quality (Warttig et al., 2001).  

 
Figure 4.) 
Debris Jam in 
Lost Shoe 

d 

 
t. 

 jams 
d 

s 

 

gravel was removed and used for road construction, leading to 
pawning gravel deficiency (R. Redhead, pers. comm.).  

ither as 

n or large woody debris recruitment that would occur in a fully functional riparian 
rest.  

 

Creek. 
 
In many case 
the debris jams 
also blocked 
or impaired 
adult an
juvenile 
salmon
movemen
These 
artificially 
created
have resiste
natural 
restoration 

processes (decay, blow outs) as the creeks are generally low energy and the debris consist
mainly of western red cedar (Thuja plicata Donn.), which is very decay resistant. A 
comparison of current conditions with air photos taken in the 1980’s clearly shows 
individual logs within un-restored jams that have not moved since that time. The severity
and frequency of jams, along with the slow natural recovery, has made LWD and SWD 
restoration necessary in many reaches in order to accelerate recovery towards a natural 
condition. The addition of spawning gravel was also necessary in many areas because in 
many of the KWRP streams 
s
 
The altered hydrological function of the streams on the Kennedy Flats also affects the 
surrounding forests. In many areas, regenerating conifers are suppressed by fast-growing 
colonizing shrub and tree species (Salix and Alnus spp.). These deciduous trees are ne
large nor as long-lived as mature conifers, and do not provide the same level of bank 
protectio
fo
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Restoration Approach  
Restoration is generally following a top-down approach, meaning that restoration begins in 
upslope areas, and proceeds downstream. Sediment input from the surrounding hillsides 
must first be stabilized. This is accomplished via logging road deactivation and slide 
stabilization utilizing revegetation and soil bioengineering techniques. In-stream restoration 
begins only after upslope problems have been addressed, and consists of four phases (Table 
1). For each stream of interest, a Fish Habitat Assessment Procedure is completed, as well as 
a Level II prescription (Clough, 1997). 
 
Table 1. Multi-phase restoration approach. 

Site-specific prescriptions are 
developed. These generally prescribe the 
removal of small woody debris, and the 
addition or placement of large woody 
debris into functional structures similar 
to what would be found in natural 
conditions (structure frequency, size, 
orientation, and function). The objective 
is to re-position LWD/SWD jams to 

maximize their hydraulic and habitat functions. Specific objectives of LWD placement are to 
improve one or more of the following attributes: cover, scour, bank protection, and 
hydrologic function, which are all important components of healthy stream ecosystems.  

Phase Activity 
Phase 1 Removal of SWD and re-

orientation of existing LWD 
Phase 2 Maintenance, monitoring and 

addition of LWD in deficient areas 
Phase 3 Addition of spawning gravel in 

deficient areas 
Phase 4 Riparian restoration 

 
Cover provides juvenile and adult fish with shelter and protection from predators. Cover 
structures also provide shade and assist in regulating stream temperatures in addition to 
improving channel complexity and providing insect rearing habitat. Examples of structures 
providing cover include cover logs, bundles, and A-frame spurs (Slaney and Zaldokas, 1997).  
 
Scour is a beneficial function within the creek system as a means of creating pools and 
undercut banks. It is also an important factor in defining the thalweg (the line of deepest 

water in a stream channel as 
seen from above), improving 
water quality through aeration, 
and maintaining spawning 
habitat through the flushing of 
fine sediment and organics. 
Scour can be enhanced through 
the construction of structures 
which influence the direction of 
flow, such as boulders, weirs, 
and A-frame spurs. Both cover 
and scour objectives can be 
addressed by the same in-stream 
structure (Figure 5).  
 
 

Figure 5.) LWD spurs at Lost Shoe Creek provide cover and erosion protection. 
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Phase 3 of in-stream restoration includes spawning gravel placement in areas that are 
deficient. Phase 4 (riparian restoration) generally consists of silvicultural treatments to 
accelerate old growth characteristics. Treatments are planned to enhance the development of 
old-growth attributes in the stand, e.g., by creating snags and gaps to enhance structural 
diversity, and may be carried out concurrently with in-stream restoration. This restoration 
approach is described in more detail in the Kennedy Watershed Restoration Plan, which can 
be downloaded from the CWFS website at www.clayoquot.org. Riparian restoration is also a 
key component of stream restoration as it develops the future source of naturally occurring 
LWD; the life span of the constructed LWD structures is only estimated at 40 - 80 years, at 
which time natural recruitment must be sufficient to replace the failing structures. 
 
Permits and Approvals  
In-stream work, of the type done here, requires approval from several government levels. 
Approvals were obtained under the following:  
• Canadian Environmental Assessment Act  and Canadian Fisheries Act  
• British Columbia Water Act  
 
For work on provincial crown land the following permits and approvals were required:  
• Section 9 of the Water Act  
• Section 52 of the Forest Act (BC Ministry of Forests)  
• Approvals from individual tenure holders and support from the Central Region Board 
(CRB) or local First Nations 
 
Staffing 
The crew consisted of thirteen people from Eagle Eye Forestry (Thomas Martin, owner and 
crew Supervisor) and CWFS.  This staffing partnership proved to be successful again in its 
second year.  Tad Williams, the Ucluelet First Nations fisheries coordinator, John Touchie 
from Ucluelet First Nations and Katie Beach, the fisheries biologist for the Nuu-Chah-Nulth 
Tribal Council joined the crew for a one day restoration project in Salmon Creek.   

 
The Central Westcoast Forest Society (CWFS), D.R. Clough Consulting (Dave Clough 
RPBio, Project Biologist), and International Forest Products Ltd. (Warren Warttig RPBio, 
Planning Biologist) were involved in the assessment and implementation of the restoration 
work. Jack Newman returned for his sixth year as the project manager. Jessica Currie was 
hired as the Assistant Project Manager to work with Newman overseeing in-stream, riparian, 
and spawning gravel operations as well as monitoring water quality and weather to ensure a 
safe working environment for both the crew and the fish throughout the duration of the 
work.  
 
Training 
The first day of the project was devoted to a pre-work orientation reviewing safety 
regulations, procedures and guidelines. Specifically, Emergency Transportation Procedures, 
Significant Environmental Aspects, Standard Operating Procedures (SOP’s), Job Safety 
Breakdown, and helicopter safety procedures were discussed. In addition, the WCB 
requirements for safety gear (hard hats, caulk boots, chaps, high visibility vests and whistles), 
fire tools, and on-site First Aid equipment were reviewed. Laminated handouts containing 
information on Emergency Transportation Procedures, SOP’s, and example diagrams of in-
stream log structures from Slaney and Zaldokas (1997) were given to each crew member. 
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Since the CWFS crew frequently deals with hazardous materials, such as gasoline, training in 
the appropriate handling of these substances was reviewed. The operation of fire equipment, 
in particular the hydraulic pump, was tested and reviewed with each crew member. 
 
Weekly tailgate meetings were held every Friday by the Level 3 First Aid attendant. These 
meetings allowed crew members to discuss any safety concerns or work related issues.  
Training continued informally throughout the project. Many of the crew were returning for 
their 5th or 6th season, and newer crew members benefited greatly from their experience. 
 
Maintenance 
Maintenance sweeps were conducted on the 2006 restoration sites, from Station 2+635 m to 
2+865 m on Reach LS4, covering a total of 230 m of stream length. A maintenance sweep 
was also performed in KR2B a Riffle Range Tributary, in the Kootowis Creek Watershed, 
from Station 0+000 m to 0+054 m and from the road crossing at Station 0+000 m to 0+907 
m, a total of 961 m. During the maintenance sweeps crew members checked old cables, 
removed non-embedded SWD, and repositioned any LWD which had moved as a result of 
the winter storms. 
 
In-stream Restoration 
The choice of sites for the 2007 restoration program was based on assessments completed in 
the spring of 2007. The restoration work was carried out according to the methods outlined 
in the Standard Operation Procedures for in-stream work (Appendix I & II). Non-
embedded small woody debris was removed from the creeks; any debris embedded in the 
creek bed was left in place to minimize the release of trapped sediment and hydrogen sulfide 
gas. Removed SWD was piled above the high water mark, ensuring that it would not return 
to the system during high flows. In areas with especially low banks (e.g., Lost Shoe Creek-
Reach LS4 and KR2 in the Kootowis Creek Watershed), higher areas were brushed using 
chain saws and the SWD was double tossed into these clearings. These debris piles can 
provide valuable cover and feeding habitat for wildlife, including birds, mammals, 
amphibians and invertebrates. Once most SWD was removed from the system, the 
remaining LWD within (and often wood adjacent to the creek) was repositioned to improve 
creek scour and cover. During the 2007 project, structures that were installed included A-
frame spurs, bundles, and cover logs (Figure 6).  
 
A large number of logs, ballast rocks and root-wads were required for the structures installed 
in Reach 1 of Lost Shoe Creek. The number of ballast rocks required was calculated based 
on the volume of LWD in each habitat structure. Rocks and root-wads were obtained from 
Iisaak, while logs were donated by Reed Logging. A Bell 407 helicopter (E&B Helicopters), 
with a maximum safe lifting capability of approximately 2400 lbs was used to transport the 
logs and rocks as there was no other feasible access. The LWD sites were numbered and 
marked with flagging tape and a map of the sites with the LWD design given to the 
helicopter pilot. The logs were marked for length and cut to a maximum of the lifting weight 
of the helicopter. All the wood was laid out in the parking lot of the old Gold Mine Trail 
(Figure 6). Each LWD spur was built of a mixture of 6-12 m long logs and root-wads 2-3 m 
in diameter. The logs, root-wads, and rocks were flown the short distance from the parking 
lot to the river bed (approx. 500 m), and arranged in roughly their final positions in the 
stream or along the bank. 
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Figure 6.) Large woody debris ready for 
helicopter ferrying at the site of the old Gold 
Mine Trail parking lot. 
 
LWD was re-oriented where necessary 
using peaveys, pike poles, turfers, and 
chainsaw winches; and cabled into place 
using galvanized steel cable (5/8” in 
diameter). Holes for the cable were drilled 
in the logs using gas-powered augers. 
Where drilling was not feasible, notching, 
staples, crosby-clamps and multiple wraps 
were used to secure the cable. (See 
Appendix VI for photos of restoration 

techniques and operational procedures). Ballast rocks and standing dead trees and stumps 
were used as anchors. Where no other options existed, live trees were used as anchors. (See 
Appendix VII for Lost Shoe Creek before and after pictures) 
 
Spawning Gravel  
Spawning gravel placement was in accordance to the guidelines in the spawning gravel SOP 
(see Appendix III) developed by program biologists in conjunction with Fisheries and 
Oceans Canada staff. Kootowis, Staghorn, and Salmon Creek sites were chosen based on 
accessibility, site conditions, and fish species present. The sites chosen in 2007 lacked natural 
gravel, were located at road crossings, and had been restored 2-3 years earlier. This lag 
between in-stream work and spawning gravel placement allows time for improved water 
flow to scour out accumulated organics and fines, and create a clean bed for gravel 
placement.  
 
The size and mixture of rock chosen for the sites, as outlined in Table 2, is based on creek 
gradient, flow rates, observation of native gravel, and species utilization. A suitable mixture 
provides aeration and habitat while stabilizing the substrate. Prior to placement the rock 
mixture is washed and cleaned of fine sediments before it is transported by truck to each 
site. An excavator was used to deposit the spawning gravel in the creek; the reach of an 
excavator allows for a wide displacement of gravel.  
 
Table 2. Gravel used in spawning gravel mix. 

Riparian Restoration 
Riparian silviculture treatments for Lost 
Shoe Creek (LS1) were recommended in an 
assessment carried out in 2001 (Poulin and 
Simmons, 2001). Prescriptions for the 

hydro-riparian area adjacent to the creek from Station 0+000 m to 0+737 m were designed 
to thin the over mature alder overstory to improve conifer regeneration. The restoration 
crew worked to release understory conifers through thinning, preparing planting sites by 
removing all vegetation in a 4 to 5 m radius, and lastly planting to augment conifer stocking 
(which is preferred as a long term source of stream LWD recruitment). (See Appendix VIII 
for a more complete report) 

Rock type Diameter (inches) % 
Pea gravel <1 10 
Drain rock 1-3 30 
Bone rock >3 60 
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Monitoring 
In-Stream Structures - Monitoring is a key component of stream restoration. In-stream 
structures are to be monitored annually for three years after installation, and once every five 
years after that (Warttig et al., 2001). Charts (called GANT charts) are used to document 
evaluation of the effectiveness of in-stream structures and to note any changes or problems 
that may have occurred during the winter floods. These charts provide a standardized way of 
grading the structure and performance of an introduced in-stream structure (Koning et al., 
1997) (as seen in Appendix IV and V).  
 
The 2006 restoration sites were evaluated during maintenance sweeps at the beginning of the 
field season as well as restoration sites from 1996 (Appendix V). Using the methods outlined 
in Koning et al. (1997), each in-stream structure is assessed for specific physical and 
biological attributes, and given an overall rating for condition, stability and function.  
Evaluation scores range from 1 to 4, with a score of 4 indicating that a given objective was 
being achieved, while a score of 1 indicated failure to meet the objective. During 
assessments, each jam or structure is evaluated for evidence of structural failures, non-
functional structures, proximity of debris piles to the creek channel and SWD accumulation.  
 
The 2007 work will be assessed in the spring/summer of 2008, after the winter high flows. 
Pacific Rim National Park Reserve geographic information systems technicians completed a 
detailed survey and digital map of lower Lost Shoe Creek, from Station 0+549 m to 0+737 
m, the location of the 2007 in-stream structures. This survey is the baseline from which 
future surveys can assess the physical changes that result from the construction of the 10 
structures.  
 
Water Quality - Water quality was assessed weekly for the duration of the project. 
Temperature, pH, and dissolved oxygen (DO) content were recorded at each site and 
compared to guidelines to ensure safe in-stream working conditions and prevent undue 
stress to fish. Nutrient sampling was undertaken in 2007 by Environment Canada in 
cooperation with Parks Canada. Parks Canada has initiated an extensive water quality and 
benthic invertebrate monitoring program as a component of monitoring for improved 
ecosystem integrity due to restoration activities.  
 
Smolt Traps - Although there have been fry density studies done in previous years, this is 
the first year since restoration of Lost Shoe Creek began in 1995 that a smolt trap has 
operated on this drainage. The trap was initiated as a method to monitor coho production 
from the upstream habitat above the trap site for a given time period.  
 
The trap consisted of 4-foot by 8 foot long wood frame panels aligned in a V shape and 
anchored with sand bags. The panels directed the smolts to funnel into a 4 inch pipe that led 
to the capture box. The fish were then flushed down the pipe into 6 ft x 4 ft wooden capture 
box where they remained until daily inspections and release. 
 
The trap was positioned approximately 100 m north of the Highway 4 crossing, 
approximately 17.7 km upstream from the ocean. This location was chosen over other 
reaches and creeks for its easy access, its good channel shape for trap positioning, for its 
hidden view under the bridge, and lastly for being downstream of a un-restored anadromous 

- 20 - 



Completion Report                                    2007/08 Kennedy Watershed Restoration Project 

habitat (Clough, 2007). The approximate anadromous length above the trap of Lost Shoe 
Creek is approximately 1.3 km with a small unnamed head water lake (53000 m2). During the 
summer months the wetted width of the upper reach has an average channel width of 1.5 m; 
providing a stream wetted area of approximately 3000 m2 and total fish rearing area of 56000 
m2. The trap was in operation from May 10 to June 17. To determine any trends in 
production it should be noted that the data must be collected for a minimum of three years.  
Only a multi–year study allows for seasonal weather fluctuations and adult escapement to be 
averaged out over time. 

 
Reporting  
Daily progress reports were 
filled out by the crew supervisor 
(Figure 7) and in addition, tasks 
and accomplishments, current 
work areas, adjustments, and 
safety issues were discussed 
daily by all parties involved with 
the project. A record of 
attendance and safety issues was 
made at each weekly safety 
meeting. A mid-project report 
was completed by the project 
manager to keep the project 
sponsors informed of progress. 
 

Figure 7.) Keeping records of progress. 
 
 
Results and Discussion 
 
Restoration Summary 
In 2007 a total of 2839 m of stream length was restored or maintained. Activities included 
reach maintenance, ballast rock anchoring, alder repositioning and anchoring, LWD 
structure anchoring, removal of SWD jams, and spawning gravel enhancement. Maintenance 
activities included inspection and repair for 961 m of stream length in KR2B of Kootowis 
Creek Watershed from Station 0+000 to 0+054 m and from the road crossing at Station 
0+000 to 0+907 m. In addition, maintenance activities included inspection and repair for 
230 m of stream length in Lost Shoe Creek (LS4) for Station 4+635 to 4+865 m. In-stream 
activities included removal of approximately 278.5 m³ of non-embedded SWD from the 
streams. Crew members positioned 410 pieces of LWD into functional structures with the 
use of approximately 1154 m of cable. Structures were anchored with 55 ballast rocks and 
261 alder were repositioned and cabled.  A total of 45.5 m ³ of spawning gravel was used to 
enhance the creek beds.  Summarized in Table 3 are the restoration activities and locations, 
as well as amounts of materials used. 
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Routine Monitoring and Maintenance 
 

Riffle Range Tributary – KR2B 
A maintenance sweep carried out in February of 2007 by D.R Clough, from Station 0+000 
to 0+054 m and from the Kootowis Creek Road bridge crossing at Station 0+000 to 0+907 
m on KR2B a Riffle Range Tributary, revealed that although the in-stream restoration work 
done on this creek in 1996 was achieving its biological and performance objectives, some 
maintenance work was required. At Jam 1 and 2, Stn. 0+017 and Stn. 0+030 m, loose cables 
required stapling. Down-stream of Kootowis Creek Road all structures remained intact and 
no maintenance was required until Jam 17 at Station 0+650 m.  Here 6 LWD required 
repositioning and a large SWD jam of shake spalt needed to be removed. At Jam 18 5 LWD 
were repositioned and cabled, while at Jam 19, 6 LWD were repositioned, cabled, and 
stapled.    
 
Table 3.  Restoration Activities for 2006 

Stream 
Segment Activity Length 

(m) 
Ballast 
Rock #

# Dr 
Anchored

# LWD 
Anchored

SWD 
(m³) 

Cable 
length 

(m) 

SG* 
Area 
(m²) 

Kootowis 
KR2B Maintenance 961 - - 17 4 130 - 

Lost 
Shoe 
LS4  

Maintenance 230 - - 2 1 4 - 

Kootowis 
KR2 In-stream 567 - - 160 45 199 - 

Lost 
Shoe 
LS1 

In-stream 737 55 261 102 170.5 628 - 

Lost 
Shoe 
LS4 

In-stream 300 - - 129 58 193 - 

Kootowis 
K5 

Spawning 
gravel 10 - - - - - 9 

Salmon 
Creek S1 

Spawning 
gravel 4 - - - - - 1.5 

Staghorn 
S1 and 

S2 

Spawning 
gravel 30 - - - - - 35 

Maintenance Subtotal 1191 - - 19 5 134 - 

In-stream Subtotal 1604 55 261 391 273.5 1020 - 
Spawning Gravel 

Subtotal 44 - - - - - 45.5 

Total  2839 55 261 410 278.5 1154 45.5 
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Lost Shoe Creek – LS4 
Monitoring assessments were completed in 2007 along Lost Shoe Creek stream segment LS4 
from 4+635 to 4+865 m, located between Highway 4A and the West Main logging road 
bridges. In 2006 seven log jams (jams 50 – 57 of our cumulative count) in this reach were 
dismantled and an estimated 208 pieces of LWD were relocated and anchored to the stream 
bank. In-stream activities of 2006 were generally successful in meeting the physical and 
biological performance objectives.  
 
Jams 50 thru 52 received perfect scores; the stream bed had cut deeper into the channel and 
banks had stabilized thanks to the addition of LWD anchored for support. No maintenance 
was required at Jams 50, 51, or 52.  Maintenance was required at Jam 53 where one log in an 
in-stream structure had come loose. This log was repositioned and cabled in place.  Jam 53 
otherwise received a perfect score. Perfect scores were also awarded to Jams 54 and 55 
where the stream bed had noticeably cut deeper into the channel and the LWD remained 
structurally in-place. Jam 56 had a near perfect score but did required additional cabling since 
peek winter flows had caused the A-frame structure to shift slightly down-stream. In 2006, at 
Jam 56 and 57, LWD from the adjacent deactivated bridge had been brought in and A-frame 
structures built.  The structures had held their integrity and were suitably scouring the creek.  
Jam 56 and 57 received perfect scores.   
 
Riparian  
 
Lost Shoe Creek – LS1 
1500 Sitka spruce and western red cedar trees were planted at Lost Shoe Creek LS1, from 
Station 0+000 to 0+737 m.  The riparian restoration work was done in accordance to a 
riparian restoration prescription written for this area in 2001 (Poulin and Simmons, 2001).  
The trees were planted in clusters of 6 to 8 trees in prepared sites. Site preparation included 
thinning or felling of the over mature red alder trees to create gaps of approximately 1-2 tree 
lengths. The largest diameter alder with good branching and live crowns were retained for 
overstory retention and biodiversity. Individual planting sites were prepared by brushing an 
area 4 by 5 m in size and removing competing salmonberry roots by hand. Although labour 
intensive, this process ensures the site would remain relatively brush free for up to two 
growing seasons. Cedar saplings were staked and coned to ensure protection from foraging 
deer, the trees will remain coned for up to four growing seasons. Trees were planted in 
stumps and nurse logs and on steep slopes and along the stream banks to mimic natural 
regeneration. A more comprehensive completion report for the 2007 riparian restoration of 
Lost Shoe Creek was also prepared by Vince Poulin (see Appendix XII).   
 
In-stream Restoration 
 
Kootowis Creek – Riffle Range Tributary – KR2 
Restoration was undertaken in 2007 for 567 m of stream channel on KR2, from Station 
0+074 to 0 + 641 m. Over this 567 m stretch of channel 14 separate log jams were inhibiting 
flow, drainage, and fish access. The jams were causing stream diversion into the flood plain, 
decreasing the rate of discharge and thereby reducing the ability of the creek to maintain a 
deep channel scour in the creek bed. With reduced flow rates willow trees thrive in the creek 
and consequently sediment and SWD remain trapped in the thicket.  
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In accordance with the Standard Operation Procedures for in-stream work (see Appendix I) 
non-embedded SWD was removed first. Since the banks are especially low in this area all 
SWD was relocated well beyond the extent of the stream outside the flood plain. An 
estimated 45 m³ of SWD was removed. Following the SWD removal phase the crew worked 
to reposition and anchor 160 pieces of LWD into functional in-stream structures.  At several 
jams, such as station 0+488 m, LWD was removed from the centre of the creek and 
anchored along the banks so as to delineate the thalweg, directing the flow of the stream and 
preventing further flooding of the surrounding riparian area.    
 
Lost Shoe Creek – LS1 
LS1, located within Pacific Rim National Park Reserve, was assessed in KWRP restoration 
prescription as high risk and in need of immediate restoration. Six restoration sites were 
identified over a reach length of 737 m. A helicopter was used to fly the ballast rocks, logs, 
and root-wads to the restoration sites. On-site alder was fallen for conifer planting as well as 
to improve accessibility of each site for the helicopter. A total of 10 A-frame spurs were 
built; the materials used are identified in Table 3. The triangular spurs each consisted of at 
least three pieces of LWD anchored to the bank and to ballast rocks, with root-wads and 
smaller wood pieces in the center. In addition, bundles of logs were anchored along the 
banks to provide protection from erosion.  
 
Lost Shoe – LS4 
Reach LS4 is the upper-most fish-bearing segment of Lost Shoe Creek that had not been 
restored. The stream channel was braided and very wide, with low banks and a series of 
significant debris jams. The jams were causing back eddies and segmented pools; at higher 
flows the jams were causing stream diversion into the flood plain resulting in pools that are 
dried during low flow periods, trapping fish. The crew worked three weeks, from September 
4th to September 19th, removing all non-embedded SWD and repositioning LWD within the 
creek. A total of 129 logs were cabled in structures along the stream bank. 
 
Salmon Creek 
A significant debris jam, at Station 1+603 m on Salmon Creek, was diverting water into the 
surrounding forest.  Peak flows had undermined the tree roots and the channel was wide and 

shallow with segmented pools.  A 
one day work party removed 6 m³ 
of SWD and repositioned 14 LWD 
from the creek centre to its bank.  
The KWRP crew aided with the 
extra help of Tad Williams, the 
Ucluelet First Nations fisheries 
coordinator, John Touchie from 
Ucluelet First Nations and Katie 
Beach, the fisheries biologist for the 
Nuu-Chah-Nulth Tribal Council, 
whose assistance helped make the 
day’s in-stream activities a success 
(Figure 8). 

Figure 8.) The restoration crew for Salmon Creek. 
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Water Quality Monitoring 
Water quality assessments for 2007 were conducted by Environment Canada.  
 
Lost Shoe Creek - Smolt Trap Monitoring  
The 2007 smolt trap project on Lost Shoe Creek was funded through a joint funding 
agreement of Parks Canada Environmental Integrity Fund and BC - Forest Investment 
Funds with assistance from Tofino Salmon Enhancement Society, Thornton Creek 
Enhancement Society and DFO Community Programs. Doug Palfrey of Tofino Salmon 
Enhancement Society and Richard Smith, of the Thornton Creek Hatchery were responsible 
for the design, construction, and daily inspections of the trap.  
 
In the five weeks the trap was in operations 245 fish were captured, of which 232 were coho 
smolts and 13 cutthroats (Figure 9).  With a total rearing area of 56000 m2, resulting 
productivity was 0.00414 smolts / m2. The peak of migration (70 Coho) occurred May 20 at 
a temperature was 8.5 C° and high rain-fall levels (Figure 10). 
 

Figure 9.) Daily count for Coho Smolts through Trap (N=232). 
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Figure 10.) Average daily water temperature (C°).   
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This was the first smolt trap operated on this drainage. The 232 Coho smolts captured in 
2007 will provide the primary data necessary for future monitoring. Several factors 
contributed to survival chances for the Coho smolts over the previous year; summer water 
quality, historic logging practices, habitat enhancement, and the freak storm events of 2006.  
It is recommended that smolt data should be collected for at least three years on wild fish to 
determine a trend in production for a given time period (for smolts in the KWRP system 
out-migrate into the late fall). Continuing this project over several years will allow for 
seasonal weather fluctuations and adult escapement to be averaged out over time. 
Additionally, it would allow for responses to habitat restoration to be assessed once baseline 
production estimates are determined (Clough, 2007). 
 
Labour 
A total of 13 crewmembers worked on the 2007 restoration project, for a total of 655.5 
person-days (Table 5). The crew was composed of local workers from the Tofino, Long 
Beach, Ucluelet, Macoah, and the Port Alberni villages and communities.  
 
Table 4. Summary of labour activity (not including project manager or biologist). 

Activity Days Mean No. 
Crew 

Person-days Work Sites 

Training 1 13                    13  N/A 
Maintenance   1.5 5 7.5 Kootowis, Lost Shoe Creek 
Riparian 11.5 10 115 Lost Shoe Creek 
In-stream 40 13 520.0 Kootowis, Lost Shoe Creek, 

Salmon Creek 
Total  655.5  

 
Budget          Table 5. Summary of funds and expenditures. 
The following table summarizes 
project funds and expenditures 
incurred during the project season. All 
funds were directed through CWFS 
accounts and managed accordingly; 
this included worker payroll, 
management payroll, consultant fees, 
direct expenses, and equipment 
rentals.  

Item Amount ($)
Wages $156,664.91
Truck rental and fuel $ 15,268.51
First aid/radio/safety equip $ 21,955.03
Heavy machinery/equipment rental  $ 18,308.21
Materials and supplies  $ 33,234.25
Final Reports $   2,250.00

 

Total 
 

$247,680.91
 
Future Opportunities 
Monitoring and maintenance work should continue on all previously treated stream reaches 
in the Kennedy Flats Watershed.  Brush levels should be monitored where conifers were 
planted in 2007 and brushed when needed. The down-stream build up of SWD will occur as 
the in-stream structures constructed in 2007 scour the creek releasing embedded SWD. Both 
in-stream and riparian restoration work require on-going monitoring and research to ensure 
the hydraulic and habitat objectives are being met.  
 
Although close to 70 km of stream length have been restored since the start of the Kennedy 
Flats Restoration Project, there remain many high priority stream reaches that have yet to be 
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restored. Further second-growth riparian restoration activities, culvert replacements, and 
road deactivations are also required. The Kennedy Flats Restoration Plan (Warttig et al., 
2001,) contains a detailed discussion of these sites. 
 
There is also continued need for spawning gravel placement and monitoring. Lack of 
spawning gravel is a key limiting factor for salmonid populations in many of the streams in 
the watershed (Clough, 1995; Warttig et al., 2001). Finally, an initial assessment was 
completed on the lower section of the East river in the Twin Rivers sub-basin. Several debris 
jams are present with reasonably good access, making this area a good candidate for 
restoration if suitable funding can be obtained. 
 
Conclusion 
Since the beginning of the Kennedy Watershed Restoration Project thirteen years ago, 
approximately 70 km of stream habitat have been fully restored in the Kennedy Watershed. 
In addition, 62.5 ha of riparian forest have been restored, 48 ha of slide area have been 
bioengineered, and 247 km of logging road have been deactivated. As stream restoration 
progresses, qualitative monitoring seems to indicate improvement in overall stream 
conditions and health of the riparian forests. Future funding will support a more 
comprehensive monitoring program that could help to better quantify the effects of 
restoration efforts.  
 
Only a comprehensive monitoring program will adequately gauge the results of the 2007 
restoration efforts. Many improvements in hydraulic function will likely occur however over 
the next year in the reaches that were restored this season (e.g., defined thalweg, improved 
fish access, evidence of scour pools, declining flood water levels, exposure of historic 
spawning gravel and LWD). The removal of SWD and the placement of flood-stable LWD 
stabilizes the stream banks, maximizes cover and channel scour. More quality creek habitat is 
now available for fish for spawning, rearing and feeding. The removal of overstory alder and 
understory conifer planting will also improve bank stability. Results from monitoring of 
spawning gravel placement sites indicate high use and very high egg to alevin survival. These 
combined increases in stream and riparian area health indicate increased functional ability 
and hence a corresponding increase in ecological integrity.  
 
The local community has benefited from the employment and training provided by the 
project, and partnerships have been encouraged between various community and 
stakeholder groups. This project provides an example of the type of large-scale planning and 
long-term commitment that is necessary to effectively restore damaged watersheds and 
promote positive local stewardship values. 
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Appendix I 
LWD Placement Standard Operating Procedures 

KWRP S.O.P. – Wood Debris Placement  
In-Stream Work Methods – June 22, 2001  

 
This SOP is a general description based on past monitoring of six years of projects. The 
objective is to provide workers, agencies and partners with a basic understanding of the 
restoration process in historic logging debris laden streams.  
 •  The LWD recovery should address three functions cover, bank protection, and scour. Some

 sites may offer both cover and scour while at others only one.  
 •  Cover is an objective that maximizes the shade, predator protection/refuge, and complexity

 of in-stream and over stream wetted areas. The structure should be a stable in-stream refuge
 for fry and adults and contribute where necessary to overhead cover to reduce solar radiation
 and predator observation. It offers secondary habitat for birds, mammals, amphibians and
 invertebrates. Cover LWD can be constructed from any size or shape of LWD, preferably in
 clusters.  

 •  Scour is a function that creates pools or gravel bars though LWD placed to constrict and or
 deflect flow. These structures require more specific anchoring and placement than cover to
 ensure they function and resist the forces of water.  

 •  Utilize SWD such as treetops, large limbs and slabs in bundles to mimic LWD.  
 •  Most LWD structures only need removal of SWD pieces to return functionality. Where

 there is a high degree of SWD and little LWD, make use of the bundling of SWD or import
 LWD to the site.  

 •  If LWD pieces float free during the removal of non-embedding SWD, cable them in place in
 the nearest functional site. Mimic Sec. 9 examples where possible. A guideline of 25%
 removal of small woody debris should be considered.  

 •  Do not remove embedded pieces of LWD or SWD, their locations are to be designed
 around and disturbance may release sediment or poisonous gases.  

 • Restoration involves maintenance; our sites must be re-visited to ensure they remain
 anchored and functioning. The first year after restoration is the most important for removal
 of SWD and re-anchoring or tightening of cables as necessary. Often the embedded SWD
 from the year previous is dislodged due to channel scour. Maintenance involves a short time
 period but is necessary.  

 •  Look for LWD sources in the forest/floodplain that can contribute to the stream habitat.  
 •  Work with Riparian Treatment specialists for sources of trees to fall in the riparian zone for

 LWD sources (must be organized through Warren Warttig, RPBio of Interfor).  
 •  Where possible, to minimize helicopter removal of SWD, make use of SWD waste by

 building piles in the forest for wildlife above the active floodplain. Duckbill or cable a
 perimeter of LWD around SWD piles to prevent escapes back into the creek in wide
 floodplain areas or steep slopes.  

 •  Create clustered LWD complexes rather than separate pieces to offer better function.  
 •  SWD may be cut for ease of removal but refer to Work In Stream SOP. Never cut LWD

 without permission from a supervisor.  
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Appendix II 

Monitoring methodology during in-stream work SOP 
S.O.P.  

KWRP Monitoring Methodology during In-Stream Work  
 

 •  Monitor environmental conditions (temperature, suspended sediment) at
 work sites.  

 •  If fish are present and work-site stream temperature exceeds 20 degrees C
 either:  

 1. Limit substrate disturbance to prevent release of trapped gases 
and sediment.  

 2. Move to an alternate site where the water temperature is cooler 
or work can proceed without harmful disturbance.  

 •  Monitor and control sediment through:  
 1.) Careful work procedures  
 2.) Sediment control structures to isolate generation.  

 •  In sites where work operations could generate sediment, ensure sediment
 control is in place and operating efficiently. If harmful sediment generation is
 apparent during work;  

 1.) Stop work until sediment clears and proceed in a more 
cautious manner.  

 2.) Move to an alternate site until the sediment clears.  
 3.) Shut down in-stream operations.  

•  If fish are present, visually monitor for stress (racing, gulping or dying) at all   
times.  

 • Consider isolating site for fry removal before work.  
 •  If fish stress occurs from operations;  

 1. Proceed with restoration work in a more cautious manner, or  
 2. Move to an alternate site, or  
 3. Shut down in-stream operations.  

 
If problems persist, stop work at the problem site, and contact the Project Biologist.
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Appendix III 

Spawning Gravel Placement SOP 
Spawning Gravel Placement  

Gravel:  
 •  Washed (Clean) round rock,  
 •  Rock size should be a mixture ranging from +/- 20% of larger sand sized to ¼ inch 

 washed pit run  
  

Placement Sites:  
 •  Areas of existing scour where there has been sufficient scour to remove organics and there is

 insufficient natural gravels,  
 •  Tail out of pools,  
 •  Areas of sufficient depth for water cover at low flows.  

 
Placement Amounts:  

 •  Depth 4” in 0.5 to 4.0 m wide channel width (take caution not to exceed winter low flow
 stream depths),  

 •  Depth 6” in > 4.0 m wide channel width,  
 •  Length equal to channel width.  

 
_________________________________________________________________  
Here are some of the guiding principles used for gravel placement in small, low gradient, streams.  
Gravel Size: This depends on the gradient and peak flow of the creek. Sizes can be determined from 
observation of native gravel in the area. Species utilization is also a factor. Gravel should be suitably mixed and 
complex sizes similar to the historic condition for the stream reach. Typically small coho/cutthroat/chum 
streams require washed 1/4 to 2 1/2 inch round rock with a mix of 10 % cobble and a few boulders as well. 
The cobble acts to create aeration sites for the substrate, as well as invertebrate habitat. The boulders facilitate 
aeration, invertebrate and emergent fry habitat while helping to stabilize the entire bed.  
Sites: Gravel sites are located in glides, riffles and pool tail outs. Do not place in pool bottoms. Select sites that 
offer 1-3 ft per second water velocity during spawning. This can be found natural or enhanced by creation of 
“quicks” through LWD and Boulder placement along the banks.  
Small streams are easiest. Streams wider than 5 meters have complex thalwegs and placement can be more 
difficult to determine and should be done with site by site prescriptions.  
Many glides can be made into spawning riffles by the addition of control structures at the downstream end. ie 
logs, boulder or cobble. This material must be sized large enough to hold the gravel in place and prevent 
washout, again use existing native substrate as a guide.  
Substrate: The site substrate should be relatively impermeable and firm such as gravel, hardpan or clay. Avoid 
placement on soft substrates such as mud as the gravel will quickly become embedded. Some removal of sticks, 
mud, in-stream vegetation or dirty gravel is allowed, too much indicates a poor site selection.  
Depth: Gravel depths of 1/10th of channel width are a good rule of thumb. This places the gravel in depths 
similar to the natural, healthy, stream sites. Too much gravel may wash out then fill pools or create dry areas at 
low flow. The material must be submerged during low winter flow.  
Width & Length: Place gravel in square shaped deposits with lengths equal to the channel width. Most 
spawning areas in low gradient (0-2%) streams are one channel width long and wide. Exceptions are long riffles 
created by confined channels with less than the reach average width or areas of higher gradient. Do not spread 
it wider than the low flow margins along each bank and ensure a thalweg by spreading it in a shallow vee with a 
rake or with boots.  
D. Clough & W. Warttig  
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Appendix IV: Routine Monitoring Forms for 2007 In-stream Sites 

Routine Monitoring Form 

Performance Objectives 
                                                                 Physical                                                                                                         Biological           

Stream  Distance ID
 #
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Comments 

Lost Shoe 
LS1 

0+549 to 
0+578 Si

te
 9

 

LWD 0 0 0 0   00 0 0   0  0 0 0 2 LB spurs, 13 LWD, 5 
RWD, 10 rock, 25 Dr 

Lost Shoe 
LS1 

0+626 to 
0+638 Si

te
 1

0 

LWD 0 0 0 0 0 0 0   0 0 0 0  0  

2 LB spurs, 8 LWD, 5 RWD, 
5 rock, 3 Dr 

Lost Shoe 
LS1 

0+664 to 
0+681 Si

te
 1

1 

LWD 0 0 0 0 0 0 0   0 0 0 0  0  

2 LB spurs, 12 LWD, 3 
existing LWD, 8 RWD, 12 
rock, 71 Dr piled @ back of 
A-frame 

Lost Shoe 
LS1 

0+687 to 
0+695 Si

te
 1

2 

LWD 0 0 0 0 0 0 0   0 0 0 0  0  

1 LB spur, 8 LWD, 1 existing 
LWD, 5 RWD, 6 rock, 3 Dr, 
Between site 12 and 13, 40 
Dr LB 

Lost Shoe 
LS1 

0+702 to 
0+711 Si

te
 1

3 

LWD 0 0 0 0 0 0 0   0 0 0 0  0  

1 LB spur, 8 LWD, 5 RWD, 
7 rock, 19 Dr 

Lost Shoe 
LS1 

0+711 to 
0+737 Si

te
 1

4 

LWD 0 0 0 0 0 0 0   0 0 0 0  0  

2 RB spurs, 11 LWD, 6 
existing LWD, 7 RWD, 15 
rock, 10 Dr 

- 39 - 



Completion Report                                    2007/08 Kennedy Watershed Restoration Project 

 
 

Routine Monitoring Form for 2007 In-stream Sites 

 

Routine Monitoring Form 
Performance Objectives 

                                                                 Physical                                                                                                         Biological           
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Comments 
KR2 

0
0+074 

1 

LWD 0 0 0 0 0 0 0   0   0 0 0
14 DS LB 

KR2 0+111 

2 

LWD 0 0 0 0 0 0 0   0 0 0  0  0
3 DS LB 

KR2 0+143 

3 

LWD 0 0 0 0 0 0 0   0 0 0 0  0  

3 DS LB 

KR2 0+195 4 LWD 0 0 0 0 0 0 0   0 0 0 0  0  1 DS LB, 23 DS RB 

KR2 0+229 5 LWD 0 0 0 0 0 0 0   0 0 0 0  0  7 DS LB 

KR2 0+255 5 LWD 0 0 0 0 0 0 0   0 0 0 0  0  12 DS LB 

KR2 0+295 6 LWD 0 0 0 0 0 0 0   0 0 0 0  0  10 DS RB 

KR2 0+320  7 LWD 0 0 0 0 0 0 0   0 0 0 0  0  12 DS RB 

KR2 0+337 8 LWD 0 0 0 0 0 0 0   0 0 0 0  0  5 DS LB 

KR2  0 0 0 0 0 0 0   0 0 0 00+353 8 LWD   0  8 DS RB 

KR2 0+416 9 LWD 0 0 0 0 0 0 0   0 0 0 0  0  10 DS LB, 6 DS RB 
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Routine Monitoring Form for 2007 In-stream Sites 

 

Routine Monitoring Form 
Performance Objectives 

                                                                 Physical                                                                                                         Biological           

Stream  Distance ID
 #
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Comments 
KR2 

0  0

0+488 

Si
te

 1
0 

LWD 0 0 0 0 0 0   0  0 0 0

3 DS LB 

KR2 0+519 

Si
te

 1
1 

LWD 0 0 0 0 0 0 0  0 0 0 00    

4 DS LB, 6 DS RB 

KR2 0+576 

Si
te

 1
2 

LWD 0 0 0 0 0 0 0  0 0 0 00    

4 DS LB 

KR2 0+616 

Si
te

 1
3 

LWD 0 0 0 0 0 0 0  0 0 0 00    

8 DS LB 

KR2 0+641 

Si
te

 1
4 

LWD 0 0 0 0 0 0 0  0 0 0 00    

4 DS LB, 5 DS RB 
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 Routine Monitoring Form for 2007 In-stream Sites 

Routine Monitoring Form 
Performance Objectives 

                                                                 Physical                                                                                                         Biological           
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Comments 
Lost Shoe LS 4 4+920 

 LWD 0 0 0 0 0 0 0   0   0 0 0 0 6 DS LB 

Lost Shoe LS 4 4+945 

 LWD 0 0 0 0 0 0 0   0   0 0 0 0 7 DS LB 

Lost Shoe LS 4 4+960 

 LWD 0 0 0 0 0 0 0   0   0 0 0 0
3 DS LB 

Lost Shoe LS 4 4+990  LWD 0 0 0 0 0 0 0   0   0 0 0 0 8 DS LB, 8 DS RB 

Lost Shoe LS 4 5+002  LWD 0 0 0 0 0 0 0   0   0 0 0 0 4 DS RB 

Lost Shoe LS 4 5+035  LWD 0 0 0 0 0 0 0   0   0 0 0 0 7 DS RB 

Lost Shoe LS 4 5+046  LWD 0 0 0 0 0 0 0   0   0 0 0 0 4 DS RB 

Lost Shoe LS 4 5+076  LWD 0 0 0 0 0 0 0   0   0 0 0 0 7 DS LB, 10 DS RB 

Lost Shoe LS 4 5+092  LWD 0 0 0 0 0 0 0   0   0 0 0 0 1 DS LB,  8 RB 

Lost Shoe LS 4 5+126  LWD 0 0 0 0 0 0 0   0   0 0 0 0 10 DS RB 

Lost Shoe LS 4 5+141  LWD 0 0 0 0 0 0 0   0   0 0 0 0 4 DS LB, 4 DS RB 
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Routine Monitoring Form for 2007 In-stream Sites 

 

Routine Monitoring Form 
Performance Objectives 

                                                                 Physical                                                                                                         Biological           

Stream  Distance ID
 #

 

St
ru

ct
ur

e 
Ty

pe
 

Po
ol

 

Ri
ffl

e 

Su
bs

tra
te

 

St
re

am
 C

ov
er

 

O
ff-

ch
an

ne
l 

Fi
sh

 A
cc

es
s 

N
ut

rie
nt

s 

H
ig

h 
Fl

ow
 

Lo
w

 F
lo

w
 

O
ve

ra
ll 

Ra
tin

g 

Sp
ec

ie
s 

Li
fe

 S
ta

ge
 

O
ve

r w
in

te
rin

g 

Re
ar

in
g 

Sp
aw

ni
ng

 

In
cu

ba
tio

n 

O
ve

ra
ll 

ra
tin

g 

Co
nd

iti
on

 

St
ab

ili
ty

 

M
ain

te
na

nc
e 

Re
co

m
m

en
da

tio
ns

 

Comments 

Lost Shoe 
LS4    5+161  LWD 0 0 0 0 0 0 0   0  0 0 0 0 7 DS RB 

Lost Shoe 
LS4    5+171  LWD 0 0 0 0 0 0 0   0  0 0 0 0

25 DS RB 

Lost Shoe 
LS4    5+195  LWD 0 0 0 0 0 0 0   0  0 0 0 0

3 DS LB, 14 DS RB 

Lost Shoe 
LS4    5+205  LWD 0 0 0 0 0 0 0   0  0 0 0 0

10 DS RB 

Lost Shoe 
LS4    5+220  LWD 0 0 0 0 0 0 0   0  0 0 0 0

11 DS RB 
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Appendix V: Routine Monitoring Form for 2007 Maintenance Sites 

 

Routine Monitoring Form 
Performance Objectives 

                                                                 Physical                                                                                                         Biological           

Stream  Distance Ja
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Comments 
Lost Shoe LS4 4+635  51 LWD 4 l ll  4   4 4 4  4  4 4 4 al a 4 4   4 4 4 No maintenance

Lost Shoe LS4 4+662 52 LWD 4 4 4 4  l ll   4   4  4 4 4 al a 4 4   4 4 4 No maintenance

Lost Shoe LS4 4+682 52 LWD 4 4 4 4  4  4 4 l ll    4 4 4   4 al a 4 4  4 No maintenance

Lost Shoe LS4 4+693 52 LWD 4 4 4 4  4  4 4 4 l ll    4 4 4 4   al a 4 4  No maintenance

Lost Shoe LS4 2+707 
53 

LWD 4 4 4 4  4  4 4 4     4 4 4 3  all all 4 4  

Required repositioning and more 
cable 

Lost Shoe LS4 4+717  53 LWD 4 4 4 4  4  4 4 4    4 4 4 4 lall all 4 4    Water flowing in hand dug channe  

Lost Shoe LS4 4+720 53 LWD 4 4 4 4  4  4 4 4 l ll    4 4 4 4   al a 4 4  No maintenance

Lost Shoe LS4 4+722 54 LWD 4 4 4 4  4  4 4 4 l ll    4 4 4 4   al a 4 4  No maintenance

Lost Shoe LS4 4+795 55 LWD 4 4 4 4  4  4 4 4 l ll    4 4 4 4   al a 4 4  No maintenance

Lost Shoe LS4 2+813 56 LWD 4 4 4 4  4  4 4 4 l ll    4 4 4 4   al a 4 4  No maintenance

Lost Shoe LS4 4+857 
56 

LWD 4 4 4 4  4  4 4 4      4 4 4 3all all 4 4  Cable required shortening 

Lost Shoe LS4 4+865 
57 

LWD 4 4 4 4  4  4 4 4      4 4 4 4all all 4 4  No maintenance 
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Appendix VI : 2007 Photo Gallery  
  

  
Saw maintenance and fuelling. Conifer planting. 

  

  
Spawning gravel placement. Cabling LWD and rock anchor. 
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Drilling LWD Proper fuelling procedures. 

  

 
 

 
LWD and rock for helicopter ferrying to Lost Shoe Creek. Attaching cable slings for helicopter transport. 
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Helicopter with LWD load 
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Appendix VII : Lost Shoe Creek LS1 Before and After Photos 
 
 
 
 

Site 9 

Before 
 

 
After 
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Appendix VIII:  
 
Riparian Restoration at Lost Shoe Creek, Pacific Rim National Park Reserve, 
Prepared by: V.A. Poulin and Associates 
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Senior Biologist:  Vince Poulin, RPBio

Contact Info:  Office 604-263-0424

Date: November 29, 2007

  email: vpoulin@shaw.ca 

Riparian restoration at Lost Shoe Creek, 
Pacific Rim National Park Reserve 

Prepared for: 	 Central Westcoast Forest Society (CWFS)

Prepared by: 	 V.A. Poulin, Restoration Ecologist, R.P. Bio., QEP 

On June 23, 2007, Central Westcoast Forest Society, commenced riparian restoration at Lost 

Shoe Creek, in Pacific Rim National Park Reserve. This report summarizes the works completed 

and provides eight permanent plot records for monitoring growth and survival of the trees 

planted. A total of 1,500 trees were planted in prepared tree openings where over-stories of alder 

were removed by felling. V.A. Poulin, VA Poulin and Associates Ltd., supervised the felling. Central 

Westcoast Forest Society under supervision of Jack Newman (CWFS) and Jessica Currie (CWFS) 

did the planting using a crew of 6 to 10 local workers. All works completed in the project are in 

the riparian corridor of lower Lost Shoe Creek southwest of the Gold Mine Creek Trail. The treatment area begins approximately 150 m 

above the ocean and extends to approximately station 900 m upstream. Planting was completed between the lower boundary and station 

720 m. From 720 m to 900 m the area felled, but not brushed and planted.     

Lost Shoe Creek

Lost Shoe Creek is one of several large streams that flows through low-lying coastal forests of the National Park Reserve. Visitors who travel 

to the Park, drive over Lost Shoe Creek, but eager to see impressive wind-swept beaches, and pounding surf, few get a glimpse of the 

stream, or learn that large segments of the Park were logged. Unless visitors step off the road, or walk little known trails, evidence of logging 

VA POULIN & ASSOCIATES LTD.

VA POULIN & ASSOCIATES LTD.:  2153 West 46th Avenue, Vancouver, BC V6M 2L2         http://web.mac.com/vincepoulin/iWeb/Site/VA%20Poulin%20Ltd..htm



is lacking. Lost Shoe Creek was heavily logged. Its massive 

trees felled in the 1960’s. It was when commercially valuable 

trees were routinely taken from stream edges. About 90% of 

the watershed in the Park was logged. The only remnant 

stand of original forest is near the ocean. It provides a small 

ecological window into what the forest looked like prior to 

logging. Stands adjacent to Lost Shoe Creek are now, dense 

woods of second-growth trees. The large widely-spaced 

cedars, hemlocks, balsam, and spruce, that graced the 

stream are replaced by stands of pure red alder or mixed 

with minor pockets of hemlock, cedar and spruce. 

Restoration Objective

Alder is a short-lived, pioneering tree species that thrives on 

disturbed soils. Its rapid growth and tendency to fully occupy 

a site slows the natural regeneration of late-successional 

conifer trees. In systems like Lost Shoe Creek, where fish 

depend heavily on trees, and tree roots, to provide channel 

stability, clean water, and habitat, the impacts of slowed 

natural regeneration are profound. Alder is a minor species in 

late-successional forests. Aerial photographs taken of Lost 

Shoe Creek in the 1930’s, show alder was virtually absent 

from the riparian corridor prior to logging (Warren Warttig, 

personal communication). Soils pits along the creek, explain 

the reason for so much alder now. They consist of sand or 

sandy-clay textures with few coarse fragments. These soils 

are easily disturbed by logging. When provided full sun, and 

a seed source, they allow alder to flourish. Assessments 

indicate alder accounted for 66% of the dominant stand type prior to treatment (Poulin and Simmons 2001). 

The role of alder in forest and aquatic ecologies is one of positives and negatives. Alder enriches soil with nitrogen and adds valuable 

organic material. Much enters the stream system to help fuel aquatic productivity. The shade it provides keeps streams cool in summer, and 

the leaf litter and debris it drops, feeds aquatic organisms. However, alder slows forest succession by out-competing conifers for sunlight. If 

conifers are not established at the time of alder, sites occupied by alder revert to brush once the alder die, depriving the stream of a future 

source of large wood, or rooting structure sufficient to withstand flood flows. Overhanging alder routinely topple into streams, ripping out 

banks, and causing severe or chronic erosion. Trees that grow slowly under alder, often have poor height to diameter ratios. After the alder 

die, the sparse understory trees are commonly wind-thrown, further reducing the number and diversity of trees able to provide future 

riparian function.

In restoration ecology, the objective of treating alder is to mitigate the long-term negative impacts of alder on forest succession. Treatments 

are designed to speed the natural die-off of alder by ecological thinning or creating gaps in the forest canopy and planting. Treatment 

comes after alder filled riparian soils with nitrogen and organic matter. Patch cuts leave abundant alder in the riparian area to continue to 

provide a source of shade, leaf litter and nitrogen. 

LOST SHOE CREEK RIPARIAN RESTORATION ! ! 2
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Specific objectives of the Lost Shoe riparian treatments were to: 

•	 provide full riparian stocking in small, man-made forest openings adjacent to the stream

•	 improve species diversity of riparian stands by planting western red cedar and Sitka spruce, important late-	successional tree species 

•	 promote multiple canopy layers by releasing advanced conifer regeneration and establishing new understory by planting

•	 increase habitat complexity by adding downed wood to the forest floor and in the stream

Works Completed

Approximately 3.0 hectares of area was planted (Photo Mosaic L1). This included all of the areas felled between fish habitat station 32 and 

station 1. The area planted is based on visual estimates of length and width and subtracting the estimated area retained as non-treated 

leave patches between gaps. Gaps varied as to size and shape. Terrain, location and number of residual conifers, and ultimately safety, 

dictated size. In general, gaps trended towards 1.5 TL ( 45 m) by 1.25 TL (37 m). Within the gaps, the majority of trees were felled to 

provide maximum light and safety. The objective was providing 40% or more full sunlight to planted seedlings where possible. Areas 

between gaps were lightly thinned or left untreated. The largest opening came by default due to a requirement to remove trees that were a 

safety hazard to workers constructing stream stabilization structures by helicopter. At the request of the stream restoration team, an 

opening of  2.5-3.0 TL by 1.5 TL on one side of the stream, and 1.5 TL by 1.0 TL on an opposite bank was cut. Relative to all of the other 

openings, this gap is large, but provides an excellent treatment comparison to the smaller, more shaded gaps. Felling production 

approximated 0.30 hectares per man per day. This compares favorably to several other projects where falling rates are reported at 0.27 ha/

man/day (Poulin et al 2000) and 0.29 ha/man/day (Poulin and Simmons 2002).     

A total of 3,000 trees were available for the project, but planting costs and expenses limited planting to 1,500 trees. Trees not planted were 

banked and will become available for further planting in 2008. The planting strategy called for planting in clusters. Clusters are fully brushed 

and cleared planting spots. Trees are planted in a grubbed spot (all competing roots removed) of 1-1.5 m in diameter. Target size of a 

cluster is a 4-m to 5-m diameter area, but size allowed to vary to take advantage of the available growing site. Recommended density was 

6-7 trees per cluster, and up to 10 over large microsites. Cluster spacing was not specified. The original prescriptions called for a minimum 

inter-tree spacing of 1.0 m, but more recent experience gave a recommended spacing of a minimum of 2.5 m and corresponding larger 

cluster size. The wider spacing maximizes the area brushed and better allows trees to manage brush as their crowns spread. Five hundred 

Sitka spruce and 2,500 western red cedar were available for planting. Both are site series trees for the area. All cedar were protected from 

browsing using plastic cones that will offer protection through to spring 2009. Sitka spruce are not typically browsed, and therefore not 

placed under the plastic cones.  

Permanent Plots

Eight permanent plots were established and located in Gaps A, B, C, and D (Aerial Photo Mosaic L1), August 15-16, 2007. Plots were 

staked, given a unique object number (20-27), and the trees within a plot radius of 5.64 m (1 tree = 100 sph), measured, flagged and 

numbered. Images of the plots provide a record of the post-treatment result. Plot locations are on Map L1. GPS coordinates provide more 

specific location information. Tables 1-4 give all data collected. This includes: number and species of trees planted, height of planted trees, 

number and diameter (dbh) of residual trees, total SPH (naturals plus planted), description of understory vegetation by layer, shrub % crown 

closure and height. Soils are described and % crown closure of overstory trees estimated. Overstory images of crown closure were made 

using a Canon PowerShot G3 camera at wide angle. 
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Plot 20
Date: 08/15/2007

Gap A: 2TL x 1.5 TL

Orientation: gap E-W, plot N edge, S aspect to 

opening

Crown Closure: 40%, some-what shaded

Planting Density: 1200 sph

Plot Density: 1900 sph (700 residuals)

Planting Mix: 5Cw7Ss

Cw Average Height: 44.3 cm

Ss Average Height: 38.5 cm

Plot is situated in the upper NE corner of gap A in a                                                        

lower-slope position immediately above the riparian flat. The plot is directly down-slope of 

“old spur”, see Photo Mosaic L1. Gap A is of moderate size, at approximately 2 TL long and 

1.5 TL wide. Trees are planted throughout with the exception of a low spot used for 

placement of overstory trees during felling and where crown is debris heavy. Soils are well-

drained, and rich, with a deep Ah horizon of 7.5 cm. Alder occupied the site for 42-years, 

providing abundant leaf litter and soil nitrogen. Trees in the gap are planted in clusters and 

disbursed as single trees.  All Cw are provided browse protection. Ss are not protected. 

Cluster planting is the preferred method for riparian planting as trees are more readily found 

and successfully brushed. Trees planted outside of clusters, will be challenging to near 

impossible to find once brush fills the opening. Brush response is fierce in this treatment due 

to lack of light interception from overstory trees making annual brushing usually mandatory 

for good success. The height of non-maintained salmonberry can be expected to reach 3.5

-4.5 m between brushed clusters in the gaps. 
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Plot 21
Date: 08/15/2007

Gap A: as per plot 20, 2TL x 1.5 TL

Orientation: gap E-W, plot just 

outside, SE edge of gap, N aspect 

to opening

Crown Closure: 60-65%, shaded, providing dappled light

Planting Density: 1100 sph

Plot Density: 1600 sph (500 residuals, all large diameter Dr)

Planting Mix: 11Cw 5Ss

Cw Average Height: 34.5 cm

Ss Average Height: 36.7 cm

Plot 21 is situated due south of plot 20 in the SE corner of the gap. It occupies a 

high bench floodplain position (Photo Mosaic L1) just outside of the gap itself. The 

area adjacent to the plot was thinned. Five alder remain as overstory producing in 

relatively high crown closure of 60-65%. This will increase as the overstory canopy 

fills the voids made by thinning. Due to position, the plot does not receive direct 

sun. Light is dappled. Six Dr were removed from the plot. The cluster is planted to 

800 sph. Another 300 sph are present just outside the boundary of the primary 

cluster. Anticipate reduce brush response in this area and a corresponding slower 

height growth relative to trees planted in other portions of the gap. Soils are rich, 

sandy loams.  
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Plot 22

Date: 08/15/2007

Gap A: as per plot 20

Orientation: gap E-W, plot at 

lower slope position on N 

boundary, S aspect to 

opening

Crown Closure: 15%, full sun

Planting Density: 1500 sph

Plot Density: 1600 sph 

(100 residual, Hw)

Planting Mix: 11Cw 4Ss

Cw Average Height: 35.8 cm

Ss Average Height: 39.7 cm

Plot 22 is situated on upper N boundary of gap A  (Photo Mosaic L1). It occupies a 

lower-slope position above floodplain. All overstory alder in the plot were felled. A 

single (layer 2, 9 cm dbh) Hw remains in the plot east of the cluster. Pre-felling density 

was 800 sph. The site obtains full sun, crown closure comes from trees remaining on 

the slope above the plot. Tree 22-1 is a stump plant Cw. Soils are a rich, sandy-loam.  

Planting density is heavy at 1500 sph. All planted trees green and healthy. 

Salmonberry is the principal competing brush species with Vaccininum sp. present on 

stumps in the plot. Soils are rich, well-drained, sandy loams with deep organic 

horizons. 
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Plot 23
Date: 08/16/2007

Gap A: plot is located immediately outside 

of Gap on SW boundary

Orientation: high bench floodplain

Crown Closure: 50%, yielding dappled light

Planting Density: 600 sph

Plot Density: 700 sph (100 residual, Dr)

Planting Mix: 3Cw 3Ss

Cw Average Height: 45.3 cm

Ss Average Height: 39.5 cm

Plot 23 is situated just outside the SW corner boundary of Gap A  (Photo 

Mosaic L1). The plot is on high bench floodplain. Three overstory alder 

were removed from the plot. Pre-felling density was 400 sph. All were 

large diameter trees having heights to 28-30 m. As with the previous 

plots, salmonberry is the principal competing brush species, but salal, 

occurs a large, elevated stump. Soils are black, rich to very rich, silty-clay 

loams. Earth worms are abundant.  The site heavily shaded, but receives 

lateral light from the east. Two spruce seedlings (right) are planted on a 

small diameter nurse log in the plot.  
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Plot 24
Date: 08/16/2007

Gap B: approximately, 1.5 TL x 1.0 TL

Orientation: plot is located close to 

center position, central aspect

Crown Closure: 15%, yielding full sun

Planting Density: 800 sph

Plot Density: 900 sph (100 residual, Dr)

Planting Mix: 2Cw 6Ss

Cw Average Height: 45.7 cm

Ss Average Height: 38.6 cm

Plot 24 is situated in upper center of Gap B (Photo 

Mosaic L1). This gap runs roughly 90 degrees to the 

stream with trees felled both across and diagonal to 

the bank. E-W light is somewhat confined due to 

opening width, but exposure to S is good. Pre-felling 

overstory was heavy at 1000 sph. One residual alder 

in the plot accounts for a high portion of the crown 

closure . Felled alder gave an average pre-felling 

overstory height of 28 m. Salmonberry is the 

principal competing brush species. Soils a rich, well-

drained, sandy loam becoming mostly sand lower 

down. All stumps were planted to Ss, and will be 

easy to locate after brush response. Trees on the ground will be more difficult. The contribution felled alder provides as coarse woody debris 

is well illustrated by this gap.    
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Plot 25
Date: 08/16/2007

Gap C: approximately, 1.0 TL x 0.75 TL

Orientation: plot is located at base of toe-slope, 

N aspect

Crown Closure: 35%, limited sun (narrow)

Planting Density: 1700 sph

Plot Density: 1800 sph (100 residual, Dr)

Planting Mix: 15Cw 2Ss

Cw Average Height: 26.9 cm

Ss Average Height: 28.6 cm

Plot 26 is situated across Lost Shoe Creek from Gap B 

(Photo Mosaic L1). Access is gained by crossing alder 

windfall over the creek. The gap is the smallest 

containing a permanent plot. It runs roughly 90 degrees 

to the stream in a N-S direction. The site took advantage 

of a small segment of high bench floodplain that 

remained after completing the gap immediately 

downstream.  Crown closure is moderate due to the 

narrow width of the gap (0.75 TL). It will receiver full sun 

only during mid-day during summer. Pre-felling overstory 

was heavy at 700 sph. One residual alder is in the plot. Salmonberry is the principal competing brush species. Salal is a minor species. Soils 

are rich, sandy loams over sandy-clays. A stump in the plot is planted with Ss. One of two frogs (Rana aurora), observed was present, the 

other observation was in Plot 23. Planting density is very heavy at 1800 sph, but 6 of the planted trees are brown or in “poor” condition.  
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Plot 26
Date: 08/16/2007

Gap D: approximately, 2.5 TL x 2.0 TL

Orientation: plot is at base of toe-slope, 

S aspect

Crown Closure: 25%, abundant sun

Planting Density: 1500 sph

Plot Density: 1700 sph (200 residual, Dr, Hw)

Planting Mix: 14Cw 1Ss

Cw Average Height: 35.4 cm

Ss Average Height: 37.2 cm

Plot 26 is situated immediately across from the 

upper most stream stabilization structure in 

Gap D (Photo Mosaic L1). Gap D was cut 

intentionally large to provide work space for 

the stream stabilization structures shown in 

the lower right image. Gap size is not typical of 

the openings cut elsewhere. As the largest of 

the gaps cut, Gap D provides full sunlight to the largest component of trees planted making it a valuable trial gap. The opening runs 

lengthwise to the stream, with the opening on the south side of the creek approximately 1 TL wide. The north side is narrower, at 

approximately 0.75 TL wide. Including the stream, the opening approximates 2 TL in width. All bank trees were removed to enable work by 

helicopter.  The gap trends NE-SW and yields full sun to the majority of trees planted. Overstory density of alder in the plot prior to felling 

was 800 sph. 700 sph were removed. Two residual trees (1Hw and 1Dr) partially shade the plot. Planting density is heavy at 1500 sph. All 

planted trees are green and healthy. Salmonberry is the principal brush species with Vaccininum sp. present on a high stump contained in 

the plot. Soils are frequently flooded and have shallow organic horizons compared to the soils elsewhere. The site is high bench floodplain 

and notable for an abundance of sword fern and less salmonberry than plots 20-25.  
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Plot 27

Date: 08/16/2007

Gap D: immediately outside NE

boundary of gap

Orientation: toe-slope above high bench, 

S aspect

Crown Closure: 80%, shaded

Planting Density: 1900 sph

Plot Density: 2500 sph (600 residual, Dr, Hw, Ss)

Planting Mix: 12Cw 7Ss

Cw Average Height: 29.8 cm

Ss Average Height: 30.0 cm

Plot 27 is situated in the upper NE corner of Gap D on left, upstream bank. It was the last area planted and outside of the area felled for 

Gap D. The plot is in a toe-slope position just above high bench floodplain. No overstory trees are felled. Crown closure is 80%. Overstory 

consists of 4-alder and 1-western hemlock (500 sph). One layer 2 (9.5 cm), Ss is present in the plot. Planting density is very heavy at 1900 

sph making total stocking 2,500 sph. Two planted seedlings are in fair condition, the remainder are healthy, green, seedlings. The site is will 

receive lateral light from the immediate stream opening and indirect light from GAP D. Plot 27 has the highest crown closure of the eight 

permanent plots. With no trees felled, it provides a good comparative plot and the other sites. Salmonberry is the competing brush species. 

Soils are rich, clay to sandy loams with deep, black, LFH and Ah horizons.  
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Streamside 
Felling

Falling trees adjacent to a fish-bearing stream 

is controversial, but required in this project in 

order to gain adequate sunlight to riparian 

trees, remove trees from unstable banks, and 

mitigate headwall failures on high ground 

above the stream. As a rule, trees were felled 

away from the streams to the extent possible, 

but many were directionally felled toward the 

stream to meet safe work practices. Faller 

safety took priority in all situations. When 

falling toward the stream, directionally 

practices were employed and trees placed to mimic 

natural tree fall. Crowns were kept out of the stream 

where possible, and trees laid at right angle or diagonal to 

the banks such that the trees formed discrete, cross-

stream or lateral debris jams that were self-stabilized by 

pinch-points and intertwined logs. Placements usually 

done where existing debris accumulations would help 

suspend the material above the channel. Brushing crews 

removed small branches and boles of logs that prevented 

free flow beneath the placements. A concern with the use 

of alder in streams, is rate of decay. Alder decays rapidly 

when placed in contact with soil pathogens, but slows 

when in proximity to water.  Monitoring placements will 

ensure they do not adversely accumulate excess wood 

and provide a basis for determining effectiveness as in-

stream fish habitat. 
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