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ABSTRACT 
 
British Columbia began an ambitious program in the 1990’s to restore fish habitat 
affected by steep-slope logging and removal of timber from stream edges. Early 
efforts to restore riparian stands focused on the use of vegetation to stabilize bars and 
the planting of long-lived conifer trees in stands dominated by early-successional tree 
species. Soon after, International Forest Products Ltd. and Western Forest Products 
Ltd. embraced the testing and development of riparian restoration techniques. By 
using old forests as “ecological templates” it was possible to prescribe silvicultural 
treatments that mimic the passage of time and more quickly return riparian function. 
Between 1998 and 2002, these companies completed 12 operational riparian 
restoration field projects, totaling 348 hectares of treated area along 70 kilometers of 
fish habitat. Projects focused on thinning overstocked conifer stands, releasing 
conifers suppressed by overstory deciduous trees, and replanting with preferred 
riparian tree species. Ensuring a future source of large woody debris in the shortest 
possible time was the primary treatment objective. However, it became apparent it 
was possible to achieve equally important ecological objectives by integrating 
terrestrial forest restoration objectives with creative use of surplus trees and the 
silvicultural treatments. Girdling introduced stand structure while providing short- to 
mid- term wildlife trees. Use of topping and habitat creation techniques produced 966 
specialized biodiversity features such as topped trees, distressed trees, bat and small 
mammal habitats. Directional felling of surplus trees at stream edges produced 96 in-
stream woody debris structures for enhanced fish habitat. Effectiveness monitoring at 
four of the twelve projects provides a window into how these projects have faired 
since treatment. Results provide a valuable reference for selecting and integrating 
restoration options for ecological recovery of riparian stands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

FIA STANDARDS 
 
 
FIA Activity Standards consulted include: Restoration & Rehabilitation Component, 
Riparian Activity Area, and Strategic Resource Planning Component, Management 
Unit or Watershed Level Strategies Activity Area, Watershed Restoration Plans 
Activity Standards for Riparian Restoration Planning, Treatments, Treatment 
Effectiveness Evaluation, and Inspection and Maintenance Effective Date: April 30, 
2003; Part 11 – Treatment Effectiveness Evaluation 
 
 
These standards recognize all projects require some level of treatment effectiveness 
evaluation and that level will vary depending the project, timing since treatment and 
how rapidly the evaluation is completed. For purposes of this project one day per unit 
area was allocated for site visits and evaluation of treatment results. Detailed 
evaluation was made possible by personal knowledge of treatments and sites. 
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1. INTRODUCTION 
 
In Spring, 2004, the authors were invited to talk on British Columbia riparian restoration 
techniques at an international conference held in Victoria, B.C., by Society for Ecological 
Restoration – BC Chapter (SER). The invitation presented a challenge. While it would be 
easy to talk about techniques, results are another matter. Despite completing 350 
hectares of treatments on eight river systems between 1998 and 2003, neither author 
had anything but anecdotal observations on treatment response. The reason is 
understandable; rarely have restoration projects in BC extended beyond one-year 
duration.  
 
With this in mind, International Forest Products Ltd. and Western Forest Products Ltd. 
provided assistance in completing site reviews of four restoration projects (Table 1): 
Keogh River, Kootowis Creek, Quatam River and Goodspeed River. The oldest is Keogh 
River with a post-treatment history of 4.5 years. The earliest is a re-work at Kootowis 
Creek at 2.75 years since treatment and Goodspeed River at 2.6 years since treatment. 
Results of the monitoring made it possible to share observations and thoughts on the 
effectiveness of treatments. The presentation entitled, “Ecological Restoration of 
Riparian Stands in Coastal British Columbia: using silvicultural techniques to speed 
recovery of fish and wildlife habitat” was delivered at the SER-BC conference on August 
24, 2004. The presentation can be viewed at: 
 

http://homepage.mac.com/vincepoulin/restoration/ 
 
 

The purpose of this report is to ensure field observations made during the monitoring 
open dialog on aspects of the work that may help to direct future work. 
 
 

MONITORING SCOPE 
Monitoring consisted of a single, one-day, visit at each of the four sites.  One or more, 
but usually not greater than two, treatment polygons were “walked” during the review. 
Results were determined by looking for changes since treatment and where possible, by 
field measurement. All of the sites benefit from a known history. All were prescribed and 
implemented by Vince Poulin and Bart Simmons and each project is supported by an 
implementation report prepared by them that contains details of the work completed.  
 
Permanent vegetation plots were routinely established in representative treatment areas. 
They support random plots made for density control during implementation. The 
vegetation plots document species and size range of trees removed or left live following 
treatment. In conifer stands, plots are supported by photographic images of the stands 
before and after treatment. The photographs provide an excellent visual record of the 
treatment and show condition and amount of understory vegetation at the time of the 
works. All of the projects contain biodiversity treatments designed to enhance structural 
diversity and use of the forest by fish and wildlife. They were made using specialized  
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Table 1. Project list 
 

Watershed Location Treated Hectares Yrs. Post- treatment* 
Keogh River N. Van. Island 2000-2001 86 4.5-2.75 

Goodspeed River N. Van. Island 2002 55 2.6 

Quatam River S. Coast Mainland 2001 22 3.25 

Kootowis Creek West Coast 2000-2002 40 3.75-2.0 

* since 07, 2004     
 
 
 
chain saw cutting techniques that create or promote habitat used by them. Each 
biodiversity feature was tagged with a numbered plastic disc. Field notes indicating 
species of tree, diameter, and the treatment done 
were recorded along with the identifying 
numbered disc. Other experimental uses of 
surplus wood were tested. Trees were placed in 
stream channels to augment or create fish 
habitat by directional falling. All such placements 
were hand sketched and labeled with a 
numbered disc. Number of logs, species, length 
and diameter at each site recorded. These data 
along with the respective project reports provide 
a relatively comprehensive basis upon which to 
evaluate the treatments and how well they meet 
initial objectives. 
 
 

 LEARNING BY DOING 
The theme of the conference was “Learning by Doing”. This well describes the manner 
in which restoration efforts in British Columbia are undertaken. One project improves 
upon another. Sharing ideas on what works or does not work is an important part of 
professional work in BC. The techniques used in the projects reviewed are derived in 
large part from an understanding of riparian ecology obtained by assessing old forests 
and using them as “templates” for restoration. It’s a sound approach. 10,000 years of 
sustained salmon habitat can’t be wrong. A significant source of support came also from 
scientists and experts with knowledge of specific treatments and methods. Most were 
from the Pacific Northwest where they began considering riparian restoration long before 
British Columbia’s entry into the field. US researchers such as Sam Chan, Bill 
Emmingham, Steve Hobbs, Dan Karnes and others had great influence. Prior to 1998, 
only one riparian project was completed in BC. Six to seven years is not a long history.  
It is important we look to past projects and learn from them.     
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2. PROJECT HISTORIES 
All of the projects reviewed benefited from extensive prescription development and 
ground-breaking work. In 1998, Interfor completed the company’s first riparian project at 
Malksope River on the west coast of Vancouver Island. It was followed by a second 
major project at Tzoonie River on the south coast mainland in 1999 (Poulin, 2000) and a 
second entry into the Malksope in early 2000 (Poulin and Simmons 2000a). By the time 
work began at Keogh River many concept prescriptions were developed and 
implemented. Keogh River (Western Forest Products) was treated on three occasions. 
The first was in the upper watershed in 2000 
(Poulin, et al. 2000) and followed by two projects 
in 2001 (Poulin and Simmons, 2001a, 2002a). 
Kootowis Creek (Interfor) was treated in fall 2000 
(Poulin, et al. 2000) and followed by a second 
project in 2002 (Poulin and Simmons 2000b). 
Brushing by the Central West Coast Forest 
Society in intervening years was ongoing. 
Located on the southern mainland coast due 
east of Campbell River, the Quatam River is 
most isolated treatment area and another Interfor 
project. Works were completed on a large side 
channel in the lower river and in a small 
upstream polygon in 2001 (Poulin and Simmons 
2001b). Goodspeed River, a WFP project, was 
completed in 2002 (Poulin and Simmons, 
2002b). Techniques used at Goodspeed reflect 
the culmination of 4-years of prior work. Similar 
concepts were put into play at Mahatta River in 
2003 and incorporated in the rework at Kootowis 
Creek.  
 
All projects fall within in the Coastal Western 
Hemlock biogeoclimatic zone of BC and within 
the very wet maritime to very wet hypermaritime 
(CWHvh1-CWHvm1) variants. Sitka spruce, 
western red cedar, western hemlock, balsam fir 
and red alder are the dominant native riparian 
trees. At Kootowis Creek “off-site” Douglas fir 
planted following logging in the 1970’s is the 
predominant conifer. Understory vegetation varies by treatment stand type, but typically 
contains one or more of salmonberry,  
red elderberry, salal, red huckleberry or false azalea. Deer fern, sword fern, and five-
leaved bramble are among the leading herbaceous plants. 
 

RESTORATION OBJECTIVES 
In the mid 1990’s the government of BC made drastic changes to forest practices by 
enacting the Forest Practices Code of British Columbia Act. Along with sweeping 
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changes in land use came an ambitious program to restore watersheds damaged by 
past logging under a program administered by Forest Renewal BC. Within it emerged 
the Watershed Restoration Program, BC’s largest and most concerted effort to restore 
fish habitat and a recognition that while some habitats could be replaced or emulated 
watershed restoration could not come about in the absence of forest characteristics 
needed to ensure proper functioning condition of aquatic and riparian ecosystems 
(Koning (editor) 1999).  
 
Coastal BC has been logged since the late 1800’s, but not until the 1930’s and 1940’s 
was removal of riparian forests so evident. Vast stands of riparian Sitka spruce were 
harvested in World War II for airplane construction. Western red cedar was similarly 
valued. Logging favored the big trees and ease of access along valley bottoms and near 
river mouths where salmon had long evolved preference for clean water, stable 
spawning gravel and protective cover generated by the roots and boles of trees that 
lined stream banks or fell into rivers. Today, riparian stands are mostly thrifty young 
forests that lack the size, age and composition of trees most needed for channel stability 
and fish habitat. Few of young conifer trees enter streams. Stand structure is poor and 
biodiversity low. Red alder dominates many stands. It is an aggressive pioneer that 
easily out-performs conifers on disturbed or wet to moist growing sites. So much alder is 
around that it is mistakenly accepted as being the “natural-state”. Never before has alder 
been so abundant as evidenced by its lack of presence in remnant pre-harvest stands.  
 
The riparian objectives for the projects were: 
 

to accelerate the recovery of fish habitat, water quality and channel stability by 
restoring the ecological functions of streamside forests 

 
 

RESTORATION APPROACH 
A five-class system adopted by Poulin and Simmons in 1998 provided the basis for 
prescriptions needed to speed recovery. Four riparian vegetation types (RVT’s) fall 
within the classification that benefit from silvicultural intervention, they include: 
 
 RVT 1 - brush dominated sites: areas where conifers are lacking or over-topped by 
brush. Salmonberry, red elderberry and willow are usually the problem species. Brush 
sites are not always treated. They provide excellent natural openings used extensively 
by wildlife. However, where large contiguous polygons of RVT 1 are present such as at 
Kennedy Flats at Kootowis Creek treatments included brushing and planting. 
 
RVT 2 - overstocked conifer sites: western hemlock rapidly in-fills coast forest sites 
leading to overstocking and intense competition for food, water and space. Overstocking 
can lead to a wide range of riparian problems. Conifers in high density place growth in 
height rather than diameter leading to reduced stem diameter and trees with poor height 
to diameter ratios with small live crowns. The condition results in tall trees with small 
rooting platforms making them prone to windthrow and less able to provide stream bank 
and channel stability. High density stands usually take up all available crown space 
effectively robbing understory vegetation of light. With little light reaching the forest floor 
vegetation layers beneath the upper crowns are suppressed to non-existent. Restoration 
prescriptions where this stand condition was present focused on thinning, spacing and 
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re-planting where improvements could be made in species composition. Trees surplus to 
restoration requirements were used to improve stand structure by manually topping, 
girdling, and wounding trees. Trees of suitable diameter were modified to create cavities 
and dens for use by wildlife. Others were removed from the stands by directional felling 
to augment or create fish habitat. 
 
RVT 3 - deciduous dominated stands with conifer: alder is the leading deciduous 
species in the treatment areas. Alder suppresses conifer growth by invading micro-sites 
needed by conifers for growing on wet to moist soils. Rapid growth seals the fate of 
conifers unable to gain a foothold. Growth is significantly reduced until such time as the 
alder dies-off. Much is said about the virtues of alder as a pre-eminent soil builder and 
nitrogen fixer, but alder is short-lived and decays rapidly. Root strength is poor. Undercut 
trees commonly topple into streams ripping out chunks of banks and exposing new 
sediment sources to erosion. Debris from alder can choke streams causing avulsions 
that can add massive amounts of new sediment to streams. Over abundance of 
sediment is the leading cause of channel widening in riparian areas. By occupying 
otherwise suitable conifer growing sites alder deprives watersheds of stability offered by 
conifers and the elements most needed for fish habitat. Fortunately, RVT 3 stands 
contain conifers and this vegetation type is the most prevalent in the treatment areas. 
Prescriptions applied to this stand type were to release all advanced conifer 
regeneration (trees above brush height) by felling or girdling overstory alder. Most 
conifers are not shade tolerant and need a lot of light. Prescriptions in the treatment area 
followed recommendations by Sam Chan (personal communication) to provide up to 
40% full sunlight to conifers targeted for release. 
 
RVT 4 – deciduous dominated stands lacking conifer: sites lacking conifer in areas 
where they were once present is a serious and difficult restoration problem. Treatment 
requires adding conifers by planting. Once planted trees may or may not get the 
opportunity to be tended leading to possible lack of establishment. Where planting is not 
possible, accepting alder as a short-term tree makes sense. Both approaches were 
taken.  
 
 
 

3. KEOGH RIVER (2000-2001) 
 
Eighty-six hectares were treated at Keogh River in three projects between 2000 and 
2001. Treatments included conifer thinning and girdling, conifer release under alder, and 
biodiversity treatments for improving stand structure and wildlife habitat. Keogh was the 
second BC riparian project to trial biodiversity treatments that included topping and 
specialized manipulations for wildlife. The first project was Tzoonie River in 1999 (Poulin 
2000). Keogh was also the first project to experiment with using surplus trees for 
instream debris placement by directional felling. Trees were felled and anchored using 
natural pinch points rather than ballasting with boulders and cables. 
 
The Keogh contains a mosaic of stand types and ages, a common situation in BC 
watersheds that have a long logging history. Floodplain sites in the lower river were 
logged in the 1960’s and replanted with spruce and cedar. Natural in fill by western 
hemlock followed resulting in heavily stocked stands. Riparian areas in the upper 
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watershed were logged in the 1940’s and early 1950’s. They are largely “zonal” sites that 
naturally regenerated to western hemlock and balsam fir. Red alder forms a distinct 
ribbon-like corridor along the entire river. 
 
 
 

CONIFER THINNING (LOWER KEOGH – POLYGON 108) 
Polygon 108 is a representative example of conifer thinning at Keogh. The polygon is a 
33-year old hemlock stand. Stocking density was 1,100 – 2,400 sph prior to treatment. 
Alder formed a 10 – 15 m streamside corridor along the polygon boundary. The unit is 
situated on a cobble bottomed tributary stream to the river and used by coho salmon for 
spawning and rearing. Conifer densities were reduced to 500 – 700 sph with some non-
spaced patches left to avoid danger trees. Streamside alder were thinned in places with 
additional trees felled for instream debris. Conifers were too small in size and too far 
from the stream edge for practical instream use at treatment. Densities were left high to 
allow for later tree removal in biodiversity treatments and as a future source of trees for 
instream use.  
 

Right: Polygon 108 on 
West Tributary, Keogh 
River, showing Plot 2 
on 03/2001. Foliage in 
the background is from 
the tops of felled trees. 
 
Lower next page: Plot 2 
in polygon 108 on 
08/2004. Salal 
increasing, no tree loss 
to wind, tops have died 
back. Not seen is 
significant red 
huckleberry response to 
pruning (0.5 m new 
growth).  
 
 
 
 
 

 
 
 
Thirty western hemlock trees tagged and measured at diameter breast height (dbh) had 
an average diameter of 26.7 cm at the time of thinning. Average diameter increased 2.2 
cm since treatment for an average increase of 3.3 mm/year in radial growth. Maximum 
radial growth was 6.3 mm. A common pattern in radial growth is exhibited by tree Y043 
from Plot 2 9 (hemlock core next page). Y043 expressed dominance early and 
maintained excellent diameter growth until 9 years prior to treatment. Radial growth 
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tapered from 5 mm per year to just less than 1 mm per year before treatment. After 
thinning radial growth increased to 3.8 mm/year (based on dbh). The core taken from 
Y043 shows this as an increase of 2 mm/year. A similar sized Sitka spruce was cored 
close to Plot 2. The tree was well growing throughout the period preceding treatment 
having an average radial growth of 5 mm per year. Post-treatment radial growth 
remained similar at 4.5 mm per year. These results are promising. All western hemlocks 
felled during treatments exhibit poor radial growth. Stump checks during thinning 
continually showed no greater than 1 mm radial growth per year. 
 
 
 

  Western Hemlock                             Sitka Spruce 
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CONIFER THINNING (LOWER KEOGH – POLYGON 116) 
Polygon 116 is a 26-year old Sitka spruce plantation. Stocking densities at the time of 
thinning ranged 1,000 – 4,700 sph. The stand was thinned to 700 sph. Thirty trees 
tagged and measured at the time of thinning had an average diameter of 23.3 cm. This 
increased to 27.1 since thinning for an average increase of 5.5 mm radial growth per 
year. The cross-section of a 23 cm diameter spruce felled during treatment showed the 
tree took two years to become established then grew at a rate of 5 – 7 mm radial growth 
per year for 17years until “shutting-down” in the last three years prior to felling. Radial 
growth in these years was 1 – 1.5 mm per year. The pattern was the same for all other 
trees removed during thinning. It comes with overstocking and crown closure.   
 

CONIFER THINNING (UPPER KEOGH – POLYGON 48) 
The first sites treated at Keogh were in the upper watershed. The area contains the 
oldest stands treated on the river and in this review. Example stand is Polygon 48. The 
stand consists almost entirely of western hemlock and balsam fir. A few Sitka spruce 
and some western red cedar are present inside the polygon boundary close to the river. 
Stocking densities ranged from 1,500 to 3,500 sph prior to thinning. Thinning in February 
2000 reduced densities to 700 sph. Windthrow is a serious risk on the North Island and 
influenced the densities the stand was allowed to retain. Experts caution against heavy 
thinning in suspect stands and advised no more than 15-20% of basal area removal at 
first entry. Taking the stand to 700 sph required removing 53% of the basal area, well 
over twice the amount recommended. A similar windthrow issue was considered at 
Malksope River in 1998 due to off-shore winds and again at Tzoonie River in 1999 from 
out-flow winds. In those projects, consideration was given to retaining basal area by 
girdling. A girdled tree ultimately dies, but the process takes up to 3 years with conifers 
depending on the size of the tree. The idea was to reduce wind forces on thinned trees 
by leaving trees that could provide physical support to neighboring trees, but slowly give 
way to increasing light as the tree defoliates. The full effect of reduced stand densities 
does not come about until such time as the girdled trees are entirely lost their needles. 
Two hundred sph of trees were girdled in polygon 48.  
 
Forty-five trees were tagged and measured in Polygon 48. Average diameter of the 
western hemlock (n=26) was 30.5 cm at time of treatment. This increased to 31.8 cm 
since thinning for an average increase of 2.2 mm radial growth per year. Nineteen 
balsam firs were also tagged. The balsam averaged 29.9 cm at tagging and increased to 
31.4 cm since treatment for a 2.6 mm average radial growth per year. Cross-sections of 
trees felled at the time of thinning indicated diameter growth had “shut-down” to plus or 
minus 1 mm radial prior to treatment. The radial growth increases are intermediate with 
those measured in polygon 108. Polygon 108 was not considered at risk to windthrow. 
Girdling was done only to introduce stand structure.   
 
 

STREAMSIDE ALDER (LOWER KEOGH) 
Alder treatments at Keogh varied, but done predominantly to release advanced conifer 
regeneration by girdling or felling. Treatments were taken to the stream edge to allow 
bank conifers the opportunity to succeed while maximizing growth. In the upper 
watershed alders were girdled. Observations indicate the majority of these trees have 
died and now lacking leaves. Some trees contain minor foliage, but not more than 10%. 
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No fall-down was seen during the review, suggesting most trees are successfully 
“melting-down”.  
 
 

Left: Girdled 
trees in polygon 
48 allow light to 
retained trees. 
Standing 
structure breaks 
wind and 
provides 
structural 
support to 
adjacent trees 
 
 
 
 
 
 
 
 
 
 
 
 
 

In lower Keogh directional felling and line pulling removed alder within the immediate 
stream edge. Switching from girdling to felling allowed better density control and avoided 
delay in light penetration to understory conifers. Line pulling involves attaching a rope 4 
to 5 m up the tree, then pulling in the direction of the fall as the faller finishes the back 
cut. It is done safely by using pulleys to redirect the tension line and keep the crew away 
from the falling tree. An area adjacent to Polygon 108 was thinned in this manner.  
Results are not quantifiable, but seen in the images on page 10. Alder densities were 
reduced from 900 – 1600 sph to 200 – 600 sph in the area treated. Retained trees were 
those that had the largest diameter and exhibited the best live crowns. The treatment is 
effective. All retained trees are still standing and have healthy vigorous live-crowns.  
Salmonberry on the stream bank is dense and looks to have grown upwards to 1 m in 
height since the additional light. The stream remains well shaded and banks lacking any 
evidence of disturbance. 
 
 

RIVER STRUCTURES (LOWER KEOGH) 
Using surplus wood to augment or create fish habitat was first tried in the upper Keogh 
in 1999. Conifer “thinnings” were directionally felled over nine, man-made fish habitat 
structures. The constructed structures were of a type referred to as “debris collectors”, 
but were devoid of wood due to a lack of material recruited to the river from the adjacent 
young stands. The sites were inspected after their first winter. All of the trees added to 
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the structures were stable and providing excellent cover at that time. The results 
prompted further testing at Kootowis Creek and again at Keogh. In total, 76 structures 
are trialed in 5 different stream systems (Keogh, Kootowis, Quatam, Kwatna, and 
Goodspeed River).  
 
Anchoring is achieved by felling in a manner that causes the trees to pinch-off as if 
naturally wedged. Six of eleven river structures constructed from alder in polygon 108 
were inspected. All of the sites are “as-built” in 2001. One log has shifted, but is still at 
the site. Minor setting has occurred at all locations, but this was anticipated given the 
placements contain slack before coming in contact with a pinch-point. Bark is gone from 
most trees in direct contact with the water, but the wood is still sound and without decay.  
 
Contemporary man-made fish habitat structures require ballasting and cabling to prevent 
them from moving. In riparian stands, trees fall naturally and many wedge in place. Root 
wads keep most from moving, but pinching is common. In addition to the 6 structures 
examined at polygon 108, three additional structures were visited. These were 
constructed using mature trees directionally felled into the mainstem river. At a three log 
site (KRS12) a tree was felled in such a manner that it missed the pinch point. The log 
was just upstream of two other larger diameter trees that were correctly placed. The 
upper log has since pulled from the site and was found grounded 75 m below the point 
of felling. Live trees and one of the stumps pinch the two remaining logs. The remaining 
two structures were also inspected. Both are in place and contain the original logs. All 
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tops and branches from broken pieces not wedged are washed away. At one site the 
logs have shifted significantly from a near perpendicular arrangement to now a more 
lateral configuration, but the logs remain locked to the stream bank by the weight of the 
butts and pinch point. 
 
 
 

4. QUATAM RIVER (2001) 
 
Twenty-two hectares adjacent to floodplain channels used by juvenile Coho salmon for 
rearing and over-wintering were treated at Quatam River in March 2001 (Poulin and 
Simmons 2001b). Logged in the 1950’s, the stands consisted of alder-dominated RVT 3 
sites (62%) with an understory of western hemlock, Sitka spruce, and western red cedar. 
RVT 2 stands consisting of western hemlock, balsam fir and a minor component of Sitka 
spruce and cedar made up 38% of the site. Treatments varied with stand type. Conifer 
sites were generally uniformed thinned. Alder dominated areas were girdled to release 
advanced conifer regeneration. Openings and sites lacking conifer were planted using a 
mix of western red cedar, Sitka spruce and black cottonwood. Planting was done within 
20 m of the side channels. An important objective was to continue experimenting with 
the use of surplus wood for instream debris. Twelve debris structures were constructed 
by directional felling and interlocked in a similar fashion as those placed at Keogh River. 
Ninety terrestrial biodiversity features were added to the stands by topping and 
modifying trees using chain saws. 
 

  
 
Left: Post-treatment view of a portion of 
the floodplain area treated at Quatam 
River. The area is a mixed-wood site 
containing cottonwood, and alder with 
some understory conifer. Conifer 
densities were low. The canopy was 
thinned and small gaps introduced to 
enable cluster planting with seedling 
conifers. Some cottonwood and alder 
were directionally felled to build river 
structures for fish.  
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CONIFER THINNING (QUATAM – POLYGON 2) 
Conifer stands at Quatam contained 900 – 1300 sph prior to thinning. These densities 
were brought to 300 to 500 sph (average 435 sph) by uniform thinning. In restoration 
projects, the terms uniform and variable density thinning describe the spatial variability 
introduced into the stand at the time of spacing. Variable density spacing has come to 
mean patchy with distinct man-made openings. Overstocked conifer stands are dense 
and uniform by virtue of the way they develop. Altering that stocking density to meet a 
variable density spacing objective puts large numbers of trees on the ground at first 
entry. The approach has application in watersheds where riparian areas are made up of 
conifers with little or no natural gaps and where wildlife forage is an important restoration 
objective. Another use is where openings are needed to correct imbalances in species 
composition by planting. It is not a desirable approach in watersheds containing large 
amounts of alder. These watersheds are already set-up to produce the outcome of 
variable density spacing. In the projects monitored “uniform thinning” does not mean as 
in “plantation spacing”. The uniform thinning done retained a continuous canopy cover, 
but trees fluctuate around a target density that provides spatial variability. The result 
works toward the variability seen in natural stands.  
 
Three permanent plots in Polygon 2 contain eleven tagged trees and two trees 
distressed by cat facing. Average dbh of the non-modified trees was 38.4 cm at thinning 
and 40.1 cm at monitoring. Average change in radial growth was 2.6 mm/year. A large 
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balsam (50 cm) in the sample produced a radial growth of 3.0 mm/year. Treatments 
favored the retention of dominant trees because of their larger size in diameter. These 
trees by virtue of size outperform smaller less dominant trees. However, when these 
large trees are felled either intentionally or by mistake and the annual ring 
measurements checked they routinely exhibited a “shut-down” pattern due to crown 
closure. It is not unlikely that average radial growth prior to thinning was 1 – 1.5 mm.   
 
The following images illustrate the opening in canopy with thinning. The images were 
taken at the time of monitoring. The left image gives the canopy in the vicinity of Plot 03 
in Polygon 2. This is 3.3 years post-treatment. The right image was taken outside the 
treatment area and reflects the canopy present at time of treatment. Permanent plot data 
indicate the treatment removed 44% of the basal area to yield this amount of canopy 
opening.  
 
 

 
 Canopy in Quatam treatment area   Canopy outside treatment area 
 
 

Understory trees are 
consistently lacking in 
overstocked conifer 
stands. The trees 
present typically lack 
vigor, have less than 
40% live crown and a 
large height to 
diameter ratio (tall and 
thin). Three balsam fir 
were measured to 
evaluate growth before 
and after thinning (left 
graph). Inter-nodal 
measurements show 
growth responded 

immediately following canopy opening. Although only a few trees were measured, they 
well depict the growth response observed in other balsam seen in the stand. 
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ALDER TREATMENTS (QUATAM – POLYGON 1) 
Alder stands at Quatam contained an understory of advanced conifer regeneration at 
100 to 800 sph and an overstory of 400 to 1,100 sph prior to treatment. Alder within 3 to 
10 m of target conifers were girdled or felled. The objective was to achieve 40% or more 
full sunlight to understory trees. Seventy-seven percent of alder were girdled or felled to 
attain the desired amount of light. The images below show dieback in progress in 
Polygon 1 (3.3 years since treatment). Defoliation was thought to take place faster, but 
other sites show the same pattern with about 30% of the trees retaining leaves past their 
third year. Differences in timing of dieback are attributed to tree size and incomplete 
girdles. Larger trees contain more stored nutrients than smaller trees enabling them to 
live longer when starved. Incomplete girdles allow some nutrients to reach leaves but the 
wound created by a chain-saw girdle is massive and ultimately kills the tree. Girdling 
does not have to be 100% effective when done for restoration. Mixed results allow for 
some recruitment of dead and dying trees over time albeit a very short window. Dieback 
at Quatam is progressing as wanted. Smaller branches have fallen and being followed 
by larger pieces. Wind snapped trees or otherwise whole trees on the ground were 
absent.  
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QUATAM PLANTING  
Four hundred and fifty trees were planted at Quatam in clusters of 6 to 8 trees in 
prepared sites. Site preparation included thinning or felling trees to create gaps of 
approximately 1-2 tree lengths. Individual planting sites were prepared by brushing an 
area 4 by 5 m in size and ripping out competing salmonberry roots by hand. Although 
labor intensive this process ensured the site would remain relatively brush free for up to 
two growing seasons. A single placemen of trees beneath a man-made snag was also 
done. The trees were directly planted in “duff”. The idea was inspired by configurations 
of young trees seen growing under individual snags or trees that had blow down, or died 
from disease in natural stands. These few trees lead to more widespread use of the 
approach on subsequent projects where spruce and cedar were added to improve stand 
composition and large openings not wanted.  
 
Polygon 1 was searched for clusters. Three were found in the cottonwood stand shown 
in the image on page 12. The large gap illustrated below contained numerous clusters 
but none could be found in the dense underbrush that grew since canopy removal. It 
could not be determined if the clusters failed or hidden by the dense brush. Salmonberry 
response in the openings has been fierce. It is solid and tall. Black cottonwood was 
introduced at Quatam as a mix with spruce and cedar. A single cottonwood was found in 
one of the three clusters, but none elsewhere. Leaf off is needed to fully determine the 
fate of the clusters.  
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Seedling growth in 
the clusters 
monitored is shown in 
the adjacent two 
graphs. Spruce grew 
an average of 24 mm 
the year of planting 
followed by average 
annual increases of 
92, 178 and 170 mm 
in height for 
remaining years. 
Growth has not kept 
pace with the 
salmonberry. 
Average height of the 
spruce seedlings is 1 
m. Salmonberry 
inside the clusters is 
1.3 m. Out-side the 
clusters salmonberry 
is 2.3 m in height. 
Cedars are growing 
even more slowly. 
Growth in their first 
year was 32 mm 
followed by 62, 97 
and 143 mm. The 
monitored clusters 
are on a medium 
bench floodplain that 
lacked planting sites. 
None of the clusters 
are higher than the 
average bench 
elevation. Soils in the 
area are shallow 

undeveloped silty-sands over cobble and relatively nutrient poor. Richer sites are in the 
treatment areas, but no clusters found in them. Two clusters contained 5 trees each and 
one had 4. The 5-tree clusters each contained a severely browsed cedar not included on 
the graph. The original clusters should have contained 6 to 8 seedlings each indicating 
possible mortality range of 30 to as high as 50%.  
 
 

RIVER STRUCTURES (QUATAM) 
Increasing woody debris loading in side channel areas to improve juvenile rearing and 
over-wintering capability was an important objective. Conifers were generally unavailable 
due to distance from the stream edge, but alder and cottonwood at stream edge were 
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abundant and of large diameter. This enabled 12 structures constructed using 2 to 5 
trees each. Monitoring found all the structures in near “as-built” condition. Some shifting 
has taken place, but no significant movement or loss of logs. All of the structures were 
more complex than originally constructed. Additional debris has accumulated from hung 
up wood and logs. It is notable that a 1 in 50 year flood event (larger-smaller in places) 
occurred on the coast in October of 2003. That flood was a severe test of the structures 
integrity and stability. As with all the debris placements done in the projects monitored 
none are cabled or ballasted. Pool development is lacking at the sites due to the large 
bed size, but each structure provides excellent cover. Juvenile salmonids were abundant 
at each structure and generally absent from the riffle habitat between sites.  
 
 

 
 
 
 
 

5. GOODSPEED RIVER (2002) 
 
Fifty-five hectares adjacent to the Goodspeed River were treated January-March 2001 
(Poulin and Simmons 2002b). The stands were logged in the 1940’s with smaller 
patches harvested up to the 1970’s. Most were felled in World War II for Sitka spruce. 
Strong and light, spruce was the construction material for wooden airframes during the 
war. A reminder of the river’s past is shown on page 3. Prior to restoration, 84% of the 



Page:  19 

Restoration Site Review  VA Poulin & Associates Ltd. – January, 2004 

stands were alder dominated. Most were RVT3 stands that contained some suppressed 
Sitka spruce, western hemlock and western red cedar. The remaining stands are conifer 
sites that had a heavy in-fill of western hemlock. These stands were thinned in the 
manner of Quatam and Keogh Rivers, but now advanced to included the cutting of man-
made openings to increase stocking of Sitka spruce and western red cedar by planting. 
The openings were made by topping one or more trees and then felling nearby trees to 
create a roughly 20 m diameter opening. The central topped trees were usually modified 
to included cavities and slots that could be used by bats, birds and small mammals. The 
openings were usually complexed by adding modified trees to the outside of the 
openings. Alder dominated areas were treated to release all advanced conifer 
regeneration. Trees were generally felled rather than girdled at Goodspeed. This was 
done for several reasons. The composition of the crew contained more experienced 
fallers than in past projects and there was a desire to minimize the lag time in achieving 
full sunlight to the released and planted trees. Sites having unacceptable conifer 
stocking densities were planted with Sitka spruce, western red cedar and black 
cottonwood. One hundred eight-two clusters were planted. Twelve river structures were 
constructed by directionally felling. Most were made from surplus alder. A full range of 
biodiversity techniques were applied throughout the stand including alder topping. One 
hundred seventy-one features were added. 
 
  

CONIFER THINNING (GOODSPEED – POLYGON 11) 
Conifer stands at Goodspeed contained up to 2,000 sph prior to thinning. The oldest 
stand, polygon 11, was logged in 1942. Average live retention following thinning was 400 
sph of layer 1 trees (trees greater than 12.8 cm dbh). Smaller understory trees made up 
another 43 sph. Pole-sapling stands harvested in the 1970’s were thinned to 600 – 800 
sph. All of the conifer polygons were uniform thinned.  
 
One permanent plot in Polygon 11 was checked. The plot contains four live western 
hemlocks. The plot center tree was tagged, but none others. This complicated the 
measurements as the largest plot tree, which had a diameter at treatment of 60.2 cm. 
was measured at 58.0 at monitoring. The three remaining hemlocks had an average 
increase of 2.5 mm radial growth per year since treatment. The small sample is 
suggestive of the growth rates seen at Quatam where similarly aged western hemlocks 
and densities had an average of 2.6 mm radial growth since treatment. 
 
 A notable treatment at Goodspeed was preference for individual canopy spacing of 
Sitka spruce. Growth rings on stumps in logged areas show spruce can respond in 
diameter growth at any time in their life history. This ability made opening individual 
spruce a priority treatment in all projects. The treatment removes adjacent trees such 
that each spruce can freely occupy a growing site unless the competing tree is another 
spruce. Where more than one spruce is present all are left until the group is individually 
assessed. To create the required space fallers are aggressive in removing competing 
western hemlocks. A core taken from a dominant spruce in the polygon 11 (second 
image below) had a diameter of 52.4 cm at monitoring. Diameter at treatment is not 
known, but the core showed the tree having a radial growth of 4 mm in the current year 
followed by 5, 3.5, 3.5, and 2.5 mm in the four previous years. Based on age the 
average growth was 4 mm radial per year, which suggests it was slowing down in 
diameter growth prior to thinning.  
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ALDER TREATMENTS (GOODSPEED) 
 
Most alder polygons contained a moderate understory of advanced conifer regeneration 
with densities from 100 to 800 sph. Overstory ranged from 350 – 1,850 prior to 
treatment. Conifers were released by felling or girdling alder within a 3 m to 10 m radius 
of a target conifer for the purpose of providing 40% or more full sunlight to understory 
trees. Seventy-nine percent of the overstory alder was removed. This left 100 to 350 sph 
of alder within most treatment areas. Alder blew down in two treatment polygons where 
the canopy was removed to 300 - 350 sph during the October 2003 storm event. Some 
additional trees were blown over in polygon 9, a side-channel island thinned to 500 sph. 
Flooding was a serious contributing factor. All medium and high bench floodplains were 
inundated at the time of the event. Shallow soils over cobble would have further 
exacerbated the risk of tree loss in two of the polygons. No permanent plots in alder 
stands were re-visited, but released spruce in fringe areas of polygon 11 were observed 
having leaders of 1 plus meter in length.  
 
 

 
 
 

RESTOCKING CONIFER BY PLANTING  
 
A mix of Sitka spruce, western red cedar and black cottonwood was planted depending 
on the site. One hundred eighty two clusters of 9 to 10 trees were planted in 6 treatment 
polygons; one was the conifer stand in polygon 11. In that polygon, planters did some 
direct planting in duff between clusters. Planting was usually done within 10 m of the 
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river in sites prepared in the same manner as Quatam River by removing all vegetation 
from within a 4 m to 5 m area and grubbing 1.5 m diameter planting spots clear of roots. 
Trees were given 1 m inter-tree spacing. A total of 1755 trees were planted.  
 
 

 
 
 
 Spruce planted in the 
alder areas at 
Goodspeed performed 
exceedingly well (left 
graph). Average height 
of trees measured in 
two clusters in polygon 
8 (N=7 trees) was 1.74 
m. Similar tall trees 
were observed in 
polygon 6. The chart 
also shows the height 
of spruce seedlings in 
the conifer polygon 11 
and gives the mean 
growth of trees 
measured at Quatam 
River. Trees in polygon 
11 were planted 
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beneath man-made snags in small canopy openings created by topping. Growth is 
restricted by shading from adjacent trees, but the seedlings are established and growing, 
just not fast. Performance parallels the Quatam trees where large cottonwoods were 
allowed to tower over the planting sites and thus intercept much of the availalble 
sunlight. In contrast, in polygon 8 the alder overstory was reduced from 900 sph to 250 
sph, with gaps of 100 sph. Overstory cover is presently 10 – 15% making it possible for 
80 - 90% light penetration to reach trees planted in the understory. The salmonberry 
have responded with intensity at Goodpseed. Brush height outside the prepared planting 
sites is 2.3 to 4.5 m. Inside the clusters the brush is 1.3 to 1.5 m tall and just topping 
some of the seedlings. 
 

 
Cedar seedlings have 
not performed well at 
Goodspeed. This may 
be attributed to several 
factors. The trees 
planted were “branch 
stock”. Some trees 
measured were not 
erect trees. Deer have 
browsed some 
indicating they may 
have removed others. 
Cedar did not exceed 
more than one plant in 
two of the three 
clusters in polygon 8. 
The prescription called 
for four cedars planted. 
At two sites in polygon 
11 cedars were absent 

and numbered one in another.  Browse protection was not provided. Cottonwood were 
added to the mix at Goodspeed and planted as 2 m whips. Two cottonwoods were 
observed in four clusters examined. Both trees are well growing at 3.8 m tall.   
 
 

RIVER STRUCTURES (GOODSPEED) 
Twelve river structures using 87 surplus trees were constructed in polygons 8 and 11 in 
the manner of the Keogh and Quatam river sites. All were directionally felled to create 
lateral debris jams. Pinch points including high banks and other trees were used to 
anchor the trees. Where pinch points were not present, matting and interlocking trees 
together made it possible to obtain the structure.  The structures adjacent to upper 
polygon 8 were examined and all remain intact. Of special interest was the affect of the 
October 2003 event that pushed many trees more lateral to the riverbank, but no serious 
damage or loss of trees. A single tree with an upstream facing butt suggests it was 
pulled outward, but remains jammed beneath three other trees. The lower Goodspeed 
River was largely devoid of structures prior to the placements.  
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6. KOOTOWIS CREEK (2000 - 2002) 
 
Kootowis Creek treatments spanned several years beginning in November 2000. Work 
included conifer thinning, brushing and planting. In July 2002, the project re-commenced 
with additional thinning and brushing in polygons not completed in 2000. That fall, 
polygons prepared in July were planted and additional thinning completed. Since then, 
other brushing and planting projects have been completed. During the initial project 
(Poulin et. al. 2000b) a 0.65-hectare area served as a training site for felling and 
biodiversity treatments. The site was re-worked in 2002 to enable the planting of spruce 
and cedar in openings similar to those successfully done at Goodspeed River. The 
training site now serves as a demonstration area. This area was visited for monitoring.  
 
 

CONIFER THINNING (KOOTOWIS CREEK – POLYGON 3) 
Conifer stands at Kootowis Creek are derived from Douglas fir and Sitka spruce 
plantations established in the 1970’s. Polygon 3 is typical. The stand is dominant to fir 
with a minor component of western hemlock, Sitka spruce and western red cedar. The 
polygon was uniform thinned in 2000 from 900 – 1,200 sph to 600 – 800 sph. For the 
trees retained, layer 1a trees (≥22 cm) averaged 450 stems per hectare. They had 
diameters of 26 to 35 cm dbh indicating they averaged 4 – 6.0 mm radial since planting.  
In the immediate years prior to thinning these trees would have reduced diameter growth 
due to canopy closure.  Radial growth rates for thinned trees were generally ≤1 mm per 
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year and likely the same for the retained trees.  
 
One permanent plot (03) was measured at monitoring. The plot contains 5 Douglas-firs 
(layers 1a) and one smaller western hemlock (layer 1b). The firs averaged 33.6 cm at 
thinning. These trees grew to an average of 35.7 cm dbh post the treatment for an 
average radial growth of 2.8 mm per year. The retained hemlock was 15.8 cm dbh at 
thinning. This tree grew to 16.4 cm. Radial growth was 0.8 mm per year since thinning. 
Assuming the tree became established on or about the time as the fir were planted, 
average radial growth would have been 0.26 mm per prior to treatment.  
 
 

RIVER STRUCTURES (KOOTOWIS) 
Four river structures were constructed at the Kootowis using Douglas-firs.  All of the 
structures spanned the stream and held in place by natural pinch points. As with the 
structures at Keogh, Quatam and Goodspeed none were cabled or weighed down with 
boulders. Local engineering types predicted they were going to float away. None of the 
structures met the dire prediction. All were fully functioning at monitoring. Some have 
seen minor shifting and some loss of non-pinched logs but the structures are nearly “as-
built”.  The image below shows two sites.  Streamside vegetation is dense making it 
difficult to capture images of the sites. KRS3 contained three trees when first 
constructed. One of the trees has swung downstream and now lies against the bank with 
its butt pinched beneath the remaining two logs. The structure retains its cross-stream 
configuration with several additional large pieces of natural debris now wedged in the 
jam and many small pieces hung up. They form an effective complex structure. KRS2 is 
situated about 20 m downstream of KRS3. This structure was first built using two large 
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trees. Two smaller log pieces were later added when several streamside trees were 
topped and the tops dropped on top of the structure. These pieces could not be pinched 
because of being felled last. Both of these pieces have been swept off structure and are 
now jammed in KRS1 the furthest downstream structure (not shown).  
 
 
 

RESTOCKING CONIFER BY PLANTING  
In July 2002, polygon 3 was re-worked to introduce Sitka spruce and western red cedar 
into the Douglas fir stands. Douglas-firs occur naturally in west coast ecosystems, but 
their range is limited to rapidly drained soils on steep southerly aspects. The firs planted 
at Kootowis Creek were planted in riparian areas formerly occupied by Sitka spruce, 
western red cedar, balsam fir and to a lesser extent western hemlock. Replacing 
Douglas-firs with more ecologically suitable species is an objective at Kootowis Creek.  
 
Planting techniques worked out at Goodspeed River were introduced at Kootowis. 
Seedlings were planting in openings created by topping trees and felling. Another 
experimental technique included the planting of partially decayed stumps. The method 
mimics the product of “nurse-trees” - old logs that provide planting substrates for other 
trees. Coined “stump-planting” the method involves cutting pots in old stumps in which 
dirt and fertilizer is added and the seedling planted. In addition to these specialized 
plantings trees were also spatially disbursed throughout the thinned stand. 
 
 

 
 
 



Page:  28 

Restoration Site Review  VA Poulin & Associates Ltd. – January, 2004 

The left chart illustrates the 
performance of seedlings 
measured at Kootowis. 
Heights of trees measured at 
Goodspeed provided a 
comparison for similar sites.  
The Goodspeed trees have 
had one additional growing 
season and started out as 
larger trees (+100 - 200 
mm). As with the cedar at 
Goodspeed, deer browsing 
appears to be heavy at 
Kootowis. Three of the nine 
cedars measured had leader 
gains of only 70 – 80 mm in 
2004. One tree measured 
230 mm in total height. The 
spruce at Kootowis are 

performing at about the same rate as the cedar, but began as larger trees (400 - 500 
mm).  
 
 
 
 

7. BIODIVERSITY 
 
Over one thousand biodiversity features were introduced into the conifer stands treated 
by manually modifying individual trees (table below). Dead and dying trees introduced 
into the stands by girdling alder are not included nor many girdled trees at conifer sites. 
Ten specialized techniques were applied. These included topping, top-girdling, cutting 
slots, slits and holes in trees for use by birds, bats, and small mammals, wound 
producing cuts to introduce rot, and the making of small dens by hollowing tree trunks 
and downed logs.   
 
 
Table 2. Biodiversity features constructed at Keogh River, Quatam River, Goodspeed River and Kootowis Creek  
                 

Project  Ha   T  
 

TG  
 

BS   BF   SC  
 

CS   CF  
 

LS  
 

SG   D  
 

Total  
 

F/ha  
 

T/ha  
 

RS  
 

BB  
Keogh 1 3.5 52 1 15 11 6 2   1   3  91      3 40 
Keogh 2                             14   
Keogh 3 11.6 194 7 18 69 123 5 143 5 71 3  638      47 22 
Quatam 2.8 26 1 7 9 11 2 16 3 8 7  90      12   

Goodspeed 4.7 73 2 10 14 48 0 12 7 4 0  170      12   
Kootowis 0.7 15 2 2 2 2 1 4 0 0 16  44      4   

Total: 23.3 360 13 52 105 190 10 175 16 83 29 1033     92 62 
             44     
               16   
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Ha hectares CF cat face 
T topped LS lightning strike 
TG top girdled SG snag girdle 
BS bat slot D mammal den 
BF bat flange F/ha features per hectare 
SC slab cut T/ha topped trees per hectare 
CS cave start   RS river structures 
  BB bird boxes 
 

Topping 
Topping was introduced to produce a source of snags absent from the young stands. 
They are an important component of stand structure and used by a wide range of wildlife 
for foraging, nesting, roosting and dens. A snag is created when a tree dies or broken off 

by the wind. Topping mimics trees 
killed by wind snap, but not those 
that die slowly from disease. 
Among the many trees examined 
only one topped tree at Quatam 
River showed evidence of activity 
by woodpeckers. The lack of use 
at this stage of decay suggests 
insects have not yet colonized the 
trees produced. 
 
A technique used to introduce 
new climbers to “topping” was to 
allow them to climb at height and 
girdle the tree rather than fall the 
top. The practice ensures safety 
and produces a snag in which the 
upper portion of the tree can 
retain branch structure while 
slowly giving way to decay. Top 
girdled trees can wind snap at the 
point of weakness created by the 
girdle. One of two top-girdled 
trees at Kootowis had snapped. 
All other top-girdled trees 
observed at monitoring had lost 
all crown needles above the 
girdle.  
 

Bat Slot and Flange 
Cavities found in trees are common roosting sites for bats. Bats lack the ability to 
excavate a cavity, thus depend on what is present in the forest. Slots that mimic the 
cavities and crevices bats use in trees were cut with a chain saw in many of the topped 
trees. Flanges are angled cuts made in the sides of trees that mimic the slabs of bark 
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that lift off a tree when it rots. Flanges are 
made just wide enough for bats to squeeze 
beneath. All trees containing bat slots and 
flanges in the areas traversed were 
hammered with an ax to produce flight 
should any of the cavities have been 
occupied. The hammering did not dislodge 
any bats. Four snags containing cavities 
were climbed to inspect for stains and 
droppings that might indicate previous use. 
None of cavities contained either. All still had 
undisturbed sawdust in their cuts and most a 
generous entanglement of spider webs.  
 
Cat Face 
When a tree falls and hits another tree it 
often rips open the bark and exposes wood 
on the side of the tree. Small nicks can be 
healed by new growth, but large scars 
eventually allow fungus, insects and disease 
to enter the tree causing decay. When 
colonized by insects the wounds provide 
forage habitat for birds. Unlike topped trees 
where the tree dies forming a snag with a 
hard core, trees with wounds remain alive 
and depending on the size and nature of the 
wound decay can enter allowing the core to 
rot. Cutting slabs from trees with a chain 
saw mimics these natural wounds by 
producing a “cat face”. Cuts done with care 
look natural. When done with taper and 
multiple cuts that retain some bark they 
coined being “dressed”. Many cat faces 
were inspected at monitoring. Depending on 
the age of the cuts varying amounts of scar 
tissue obscured the manner in which the 
wound was made. The faces of the cuts still 
show the telltale marks of a saw, but these 
too look to disappear with age. All of the 
exposed faces were hard and lacking decay. 
Insect activity was absent even under 
isolated portions of bark that was dry.  
 
Lightning Strike 
Lightning occasionally hits trees and 
electricity passes from the top of the tree to 
the ground it spirals down the trunk creating 
a long exposed wound. Lightning strikes are 

made in the same manner as a cat face, but higher up the tree and cut to form a near 
continuous wound down the tree. Lightning strikes were in the same condition as cat 
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faces with dried wounds and some amount of heal-over. Decay has not proceeded 
sufficiently for colonization by insects. 
 
Snag Girdle 
Trees in conifer stands were girdled for specific reasons. In the upper Keogh large 
numbers of trees were girdled as a means of providing support to trees that were 
considered at risk to windthrow. This concept was maintained throughout the projects, 

but the number of trees 
girdled declined as 
windthrow concerns abated 
with lack of downed trees 
occurring in treatment 
stands. As fewer trees 
were girdled, girdling took 
on a different objective. 
Girdling was maintained to 
specifically introduce large 
standing structure and 
ensure an ample 
recruitment of snags into 
the treatment stands. 
These girdles were 
referred to as “snag 
girdles” and tallied as 
individual biodiversity 
features. Girdling of 
conifers was done by chain 
saw. This was initially to 
ensure that heal-over 
would not occur from a 
smaller style of cut. Girding 
produces an unsightly 
wound that is anything but 
“natural”. The scars are 
ugly and out of place (left 
image). Cutters 
participating in projects 
completed after year 2000 
were trained to “dress 
girdle” a tree in a manner 
similar to a “dressed cat 
face” with the exception of 
completely encircling the 
tree at some point close to 
the ground. All girdled 
conifers inspected were 

killed by the girdling and all fully defoliated. The structure produced by conifer girdling 
was impressive (above image). All retain intact branches and stems high up the tree that 
provide excellent perching and resting habitat for wildlife.  
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Mammal Dens 
Dens for voles, shrews, mice, martin, squirrels and spaces for colonization by insects 
and amphibians were cut from the ends of logs, stumps and at the base of trees. The 
majority of these features were created for the Kootowis Creek demonstration site. 
Fewer were made in later projects due to the time involved in construction and a 
perception that use may be limited by high rainfall. Cavities are susceptible of being filled 
with water. If that happened the sites would not likely be used for breeding unless the 
wildlife that used them were adapted to that environment. Inspection of the dens and log 

sites at Kootowis Creek confirmed this 
perception. Salamanders occupied nearly all 
the den and log structures present that were not 
specifically cut to drain well (left stump den). 
Some cavities contained slugs equally at home 
with wet sites. None of the structures examined 
contained nesting material indicating they were 
used for breeding by warm-blooded animals. 
Some droppings were present in several dens 
indicating brief visits by small mammals, but 
nothing of abundance or suggesting time spent.  
 
 
 
 

8. CONCLUSIONS 
 
Learning by doing is a practical, but some times 
criticized method of learning. It well describes 
the approach taken in many aspects of 
resource management. Waiting for research 
results that may never come does little to help 
managers eager to meet environmental 
challenges. If you don’t do, you don’t learn, 
even from mistakes.   
 
Approaches to riparian restoration are as 
individual as there are practitioners. However, 
in 2002, Bancroft and Zielke with experience 
from practitioners and other researchers in BC 
provided a first approximation guide to 
recommended riparian zone silvicultural 
treatments. The guide attempts to help 
individuals achieve best management practices 
on restoration sites by using collective 
experience and science-based studies. 
Effectiveness monitoring will further that effort.     
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Thinning Treatments 
1.  All thinned stands have a park-like natural appearance brought on by a random 

application of stand densities. 
2.  A high percentage of alder present in the treatment areas made it logical to retain the 

maximum number of conifers on conifer dominated sites while applying uniform 
thinning. This strategy retains higher stocking levels for later removal in multiple 
passes in order to meet long-term goals for large woody debris and recruitment of 
stand structure for fish and wildlife habitat.  

 3. Uniform thinning at variable densities of 450 – 600 sph in western hemlock stands 
achieved 2.2 – 3.4 mm radial growth per year in stands logged in the 1940’s – 
1950’s. Trees from these stands had “shut-down” in diameter growth to ≤1 mm radial 
growth per year prior to treatment due to over crowding and canopy closure.  Thirty 
year-old Sitka spruce averaged 5.5 mm radial growth when an overstocked 
plantation was thinned to 600 stems per hectare. This growth was close to the 
average radial growth achieved by the trees in the stand prior to thinning indicating 
thinning allowed the trees to retain close to their best growth rates. At 600 sph 
adequate trees are retained for removal in subsequent passes.   

4. Higher standing densities assist in minimizing blowdown, a risk considered in several 
areas. Trees downed by wind were absent from all conifer sites. At Goodspeed River 
two alder stands experienced moderate blowdown after thinning. 

 
Conifer Planting  
5.  Sitka spruce and western red cedar were re-established in many areas by planting. 

Best growth was achieved in alder dominated stands where 80-90% of overstory 
alder was removed. Canopy removal also favored growth of competing brush 
creating intense competition for growing space.  

6. Cluster planting managed brush competition for two years following planting making 
it possible for seedlings to become established. Manual brushing is recommended 
for sites planted at Quatam and Goodspeed Rivers.  

7. Seedling mortality on western red cedars was high at Goodspeed and Quatam 
Rivers where many trees were absent, browsed or few in numbers at planted sites. 
Few sites contained more than 50% of the trees that should have been planted. Sitka 
spruce survival was high with most trees planted present.   

8. In western hemlock stands under-planted with Sitka spruce and western red cedar 
the new understory established successfully. Plantings were made in openings 
created by topping and felling. Other plantings included nurse-stumps, rotted debris 
piles and individually disbursed trees. Leader increments are not large compared to 
seedlings planted in alder stands where significant overstory was removed. 
Seedlings at conifer sites exhibited 7 cm – 20 cm in leader growth annually 
compared to 2 – 2.5 times that in the more open alder sites.  Good growth rates are 
an important objective in restoration, but second to the successful establishment of 
new seedlings. Height growth of seedlings at conifer sites can be improved with 
additional canopy removal, but this should come at such time when it is appropriate 
to add more structure for biodiversity or remove trees for instream use.   

 
River Structures  
9.  The use of surplus trees to augment or create woody debris complexity in streams 

was an effective and inexpensive treatment. All structures monitored with the 
exception of several sites were basically “as-built”.  The few logs lost were usually 
hung-up on downstream structures.  
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10. Natural pinch points or trees felled to form tight jams anchored the structures.  
Ballast, cables and boulders commonly used to anchor engineered fish habitat 
structures were not used. These methods are necessary for preventing the loss of 
short pieces of wood and root wads commonly used in their construction or where 
bank configuration and height prevent pinching larger logs.    

11. All of the structures monitored passed 2 to 4 peak flow seasons. One was a 1 in 50-
year return interval flood.    

 
Biodiversity  
12. A wide range of biodiversity features was added to treatment stands. Those that 

require decay to meet habitat objectives are still far too young to yield results.  
Woodpecker activity was observed on one topped western hemlock indicating some 
insect activity had taken place, but all others were devoid of feeding activity.   

13. Trees distressed by cutting slabs of bark and wood from the stem were similarly 
absent of activity due to lack of time. Face cuts were weather hardened with no sign 
of decay. Heal-over tissue along the outer edges obscured the nature of the cuts 
making it difficult to distinguish from naturally wounded trees.  

14. Girdled conifers in all stands were defoliated leaving standing snags with excellent 
upper structure.   

15. No tree having been artificially killed by topping or girdling was found on the ground. 
16. Without additional climbing and using more sophisticated methods to detect use by 

bats of the many slots and flanges cut it is difficult to determine their effectiveness. 
Monitoring included climbing some trees for close inspection and striking all trees 
using heavy blows to produce flight. Bat use was absent from the cavities inspected 
and no bats were driven from any snag if they were present.  

17. Dens cut in logs and stumps for use by mice, voles and shrews similarly lacked 
evidence of use. Nesting material was absent and droppings infrequent. Many of the 
small dens were water logged or filled with stagnant water.  

18. Salamanders took advantage of the errant dens and the logs made especially for 
them. Occupancy was near 100% by western red back and clouded salamanders. 
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