
 
2006/2007 Continuing Project – Executive Summary. 

 
 
Y072183 "Assessment of the effectiveness of green tree retention in maintaining the 

diversity of and promoting the recolonization by ectomycorrhizal fungal species into 

harvested areas of coastal forest." 

 
Project purpose and management implications 
 
Old-growth forests on Vancouver Island are being replaced by second-growth stands, which in 

turn are cut at increasingly shorter rotation ages. The survival, health and biodiversity in these 

new forests will depend on many biotic factors, many of those overlooked or less studied 

(Trofymow et al. 2003; Kremsater et al. 2003). EM fungi, being microscopic, underground, and 

poorly known taxonomically, are an example (Goodman and Trofymow 1998). Ectomycorrhizae 

provide benefits in three areas: 1) Although the important role of EM fungi in tree physiology has 

been documented and known for years (Harley and Smith 1983), research has focused on seedling 

establishment and growth (Trofymow and van den Driessche 1991). Less is known about their 

importance in forest growth in the long-term. Should EM fungi be significantly depleted (as in 

many parts of Europe) and tree growth reductions occur, future financial losses to BC’s forestry 

based economy could be significant.  2) EM fungi produce many commercially important 

mushroom species and the sustainability of their production will depend on forest harvest 

practices (Pilz and Molina 2002).  3) Ectomycorrhizae and their fruiting bodies are an essential 

component of forest ecosystems, as a source of food for animals, of carbon for achlorophyllous 

plants (eg. Allotropa sp and the endangered phantom orchid), and thus may play a role in 

maintaining diversity of other species in the forest ( Molina et al. 2001). 

 

This project, developed in partnership between the (former) Weyerhaeuser’s Coast Forest 

Strategy team and researchers from the UBC Centre for Applied Conservation Research, is part of 

an innovative, ecologically-based, forest management program for the company’s BC coastal 

tenures.  The goal of the program is to sustain biodiversity and associated values while 

economically harvesting timber.  The three biological criteria used to determine weather the 

program is achieving this goal include assessment of: ecosystem representation, habitat structures 

and indicator species.   
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This project focuses on the role of ectomycorrhizal fungi (EM fungi) as indicator species. 

Ectomycorrhizae are an important component of biodiversity for assessing the effects of variable 

retention (VR) forestry (Kohm and Franklin 1997). In our previous work (Outerbridge et al. 2001; 

Outerbridge and Trofymow 2004) on south Vancouver Island (Weyerhaeuser’s Shawnigan and 

Nanaimo River Operations), we found clear evidence of edge effects in VR sites. We observed 

significantly lower abundance and diversity of EM fungi with increased distance from the 

retained forest patches. In the current project we extend our research to examine how different 

levels of individual green tree retention affects EM diversity (Stillwater study) and how EM 

fungal species on retained trees, recolonize the regenerating forest, by studying different ages of 

reforested matrix (Northwest Bay and Koksilah Age Transect study) (Beese et al. 2000; Beese et 

al 2003; Bunnell et al. 2003).  We put forward two hypotheses:  1) That survival and abundance 

of ectomycorrhizal species will increase with the increased number of retained live trees in 

harvested areas;  2) That EM diversity in the 57 to 87-year age group will have recover and edge 

effects diminish with time until EM diversity more closely resemble that in the adjacent mature or 

old growth forest (90 – 200+ years).  

 

Project start date, length of project, former project number(s) and funding sources that apply 
 
Transect selection at the NW Bay operation and CFC Koksilah site in the Shawnigan operation 

and site visit to Stillwater were completed in 2003-04, under joint Weyerhaeuser and CFS 

funding. Work at the Stillwater VRAM site near Powell River commenced in 2004-05 under joint 

Weyerhaeuser and CFS funding and included sampling station establishment, seedling planting, 

and soil core collection.  

 

The 2005-06 FSP funding was first year (Y061183) of a three-year proposal (2005-2008) and 

allowed for completion of the Stillwater study and initiation and completion of the Age transect 

study at NW Bay and Koksilah.  Additional funding for this project is provided from Western 

Forest Products (formerly Cascadia, formerly Weyerhaeuser) and Natural Resources Canada, 

Canadian Forest Service, Pacific Forestry Centre.  

 
Methodology overview 
 
The experimental design (randomized block design) and statistical analyses (e.g. Analysis of 

Variance, regression analysis, Tukey – Kramer mean comparisons test) employed in this project 

adhere to standard scientific procedures, commonly practiced in forest ecology, and have been 
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described in literature (Krebs 1989). The method of using tree seedlings out-planted as bioassay 

traps for EM fungi has been applied successfully in previous studies done by the proponents 

(Outerbridge et al. 2001; Outerbridge and Trofymow, 2004), as well as other researchers (Pilz and 

Perry 1984; Kranabetter et al. 1999;  Jones at al., 2002). Soil cores were sampled and analyzed 

following methods outlined in Goodman (1995). Sampling of the seedlings, measurements of 

ectomycorrhizal diversity and data analyses are similar but not the same as those employed in the 

previous studies (Outerbridge et al. 2001; Outerbridge and Trofymow 2004). Modifications 

include: measuring distance to the nearest tree within a 10m radius of each station along all 

transects; and increasing the number of examined root tips/seedling to 300. Macrofungi were 

monitored using methods outlined in Redhead (1997). Taxonomic literature used for 

identification of ectomycorrhizae include Agerer (1987a & 1987b), Goodman et al. (1996-2000), 

Goodman (1995), and that for identification of macrofungi include Breitenbach and Kranzlin 

(1984 – 2000), Arora (1986) and Philips (1991). An overview of our sampling design is presented 

in Tables 1a and b, and Figure 1. 

 
Scope and regional applicability 
 
This project, is limited in its physical scope to coastal forests of south-eastern Vancouver Island 

and the Lower Mainland, but has important regional as well as worldwide applicability. Locally, 

it addresses several priority themes of FSP Sustainability Program. Our intent is to fill some key 

knowledge gaps related to current stand-level harvesting practices in both old and immature stand 

and specifically address the questions: 

1. Assuming that retained forest patches serve as refugia for EM fungi, creating an edge 

effect at the stand/cut boundary with regards to their abundance and diversity 

(Trofymow and Outerbridge 2004), how quickly do EM fungi re-colonize the adjoining 

reforested areas, and are there changes to the species composition? 

2. Does the reforested matrix assume the pre-harvest level of EM fungi with time?  What 

rotation age of Douglas-fir stands should be used to maintain the pre-harvest 

biodiversity of EM fungi? 

3. What level of retention is required to meet habitat needs of mature Douglas-fir EM 

fungi and to maintain their pre-harvest diversity? Does single-tree retention play a 

useful role? 
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4. How effective are Western’s  forest management practices in creating and maintaining 

the variable retention levels, especially the levels needed to successfully protect EM 

fungi? 

5. Are commercially important EM macrofungi eg. chanterelles or pine mushrooms, 

present in the retained mature stands? How do different levels of retention and time 

affect their recovery? 

Research on indicators of sustainability, particularly focal species, is a critical research need for 

the forest industry, worldwide.  This research is part of Western’s (formerly Cascadia, formerly 

Weyerhaeuser) AM program, which has been described by independent scientists as “the most 

sophisticated application of ecological principles to forest management of which I am aware” (Dr. 

Jerry Franklin, Univ. of Washington) and “the best, most well planned and carefully executed 

adaptive management program underway in forests anywhere in the world” (Dr. David 

Lindenmayer, Australia National University).   

 
Interim conclusions, inference or useful information 
 
Past and current research on ectomycorrhizal fungi and variable retention were featured in a 

technical transfer article in the April 2007 issue of CFS Information Forestry.   

Analysis of the Stillwater experiment was completed and draft paper submitted for CFS 

internal review in March 2007 prior to journal submission (Outerbridge and Trofymow (2007).  A 

presentation of the Stillwater results was made at Western Forest Products Adaptive Management 

Workshop (Outerbridge and Trofymow 2007). Abstract follows: 

Outerbridge, R. and Trofymow, J.A. (2007) Abstract: A study was performed on diversity and 

abundance of ectomycorrhizal (EM) fungi in a variable retention experimental block in Stillwater 

Timberlands near Powell River, British Columbia, to address the hypothesis that increasing the 

level of green tree retention reduces edge effects, enhancing colonization of EM fungi onto 

seedlings in harvested areas. We also investigated the role of single isolated trees in mediating 

underground EM fungal dispersal. Transects were established in each of the 5%, 10%, and 30% 

dispersed green tree retention treatments and in the 0% retention clear-cut. Trap seedlings of 

Douglas-fir (Pseudotsuga menziesii) were planted at 5, 15, 25 and 45m from the cut-block edge in 

spring of 2003 and excavated in fall of 2005 for analyses of root colonization. Within the 

adjoining forest, soil cores were taken and sporocarp surveys done to provide baseline 

information on the EM species potentially available to colonize seedlings along each transect. A 

total of 85 EM morphotypes were observed. The edge effects observed in the clear-cut were 
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diminished by the VR treatments. Ectomycorrhizal diversity (richness and frequency) increased 

with the increase of green tree retention level. The implications of this relationship and the role of 

single retained trees are discussed. 

Most planted trap Abies grandis seedlings along the Age Transects at Northwest Bay and 

Koksilah sites did not survive the low light and surface moisture conditions, so analysis of this 

study is confined to the soil core samples which were completed in 2006.  Analyses of the Age 

Transect study data are now in progress and no interim conclusions or inference can be drawn yet.   

At both Stillwater and on the Age transect sites, spring sporocarp surveys were not useful 

for EM fungi, and surveys should be confined to suitable months in the autumn which are far 

more productive and reliable, providing sufficient precipitation has occurred.  

 Taxonomic work associated with preparing photoprofile descriptions of EM types from 

the Stillwater and Age Transect studies is continuing and on-line publication of these 

photoprofiles as well as DNA analysis of selected EM types are included as part of new joint FSP 

proposal in 2008-2010 which will include contributions from other EM researchers at UBC (D. 

Durall and M. Burbee).   

 
Contact information 
 
Proponent/Contact Person: Dr. J. A. (Tony) Trofymow 
Proponent Organization: Natural Resources, Canadian Forest Service (CFS) 
E-Mail: ttrofymow@pfc.forestry.ca 
Telephone: (250) 363-0677 
Fax: (250) 363- 0775 
Address: Pacific Forestry Centre, 506 Burnside Rd. W., Victoria , B.C.,  
V8Z 1M5 Canada 
 
 
Project Deliverables 

Canadian Forest Service 2007. Beneficial fungi affected by harvesting regime and rotation. 

Information Forestry. April 2007 p. 7.  NRCAN, CFS, PFC. Victoria. Viewed 30/3/2007 

http:bookstore.cfs.nrcan.gc.ca. 

Outerbridge, R. and Trofymow, J.A. (2007).  How do different levels of green tree retention affect 

the survival of ectomycorrhizae on southern coast of British Columbia? Can. J. Bot.  

Submitted for CFS review 13/4/2007. 

Outerbridge, R. and Trofymow, J.A. (2007).  How do different levels of green tree retention affect 

the survival of ectomycorrhizae on southern coast of British Columbia? Presentation. 

11/4/2007 Western Forest Products Adaptive Management Workshop (Best Western 

Westerly Hotel, Courtenay B.C.). 
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Table 1a. Stillwater green tree retention level sites. Seedlings sampled along the main transects and 

(+) the minitransects. Soil cores sampled at the base of a large Fd tree, 15m inside the forest. 

 

Site # (Sandford 
2003) 

Site research history 
(Pearsall & Sadler 

2003) 

Retention 
level 

Number of 
transects 

Number of 
soil cores / 
per transect 

Number of 
seedlings / 
per transect 

TM 188 (R949) Carabid Beetle Study 0% 3 3 8 + 4 

TM 188 (R949) Carabid Beetle Study 5% 3 3 8 + 4 

TM 188 (R949) Carabid Beetle Study 10% 3 3 8 + 4 

TM 188 (R949) Carabid Beetle Study 30% 3 3 8 + 4 

Total    36 144 

 

 

 

Table 1b. Northwest Bay and Koksilah stand age edge transect sites (1 transect per site). 
 

Transect site # 
(Sandford 2003) 

Site research history 
(Pearsall & Sadler 2003) 

Stand age transition Number of 
soil cores 

Number of 
seedlings 

 Regenerating clear-cut sites    
NWB #1192 Carabid Beetle 10 yr / 100+ yr 10 6 
NWB #1193 Carabid beetle, Bryophyte 7 yr / 100 +yr 10 6 
NWB #1200 Bryophyte 7 yr / 90+ yr 10 6 

Koksilah # 24 Chronosequence study 7 yr/200+ yr 10 6 
 Sapling/pole stands   

NWB #1198 Bryophyte 27 yr / 90+ yr 10 6 
NWB # 1204 Bryophyte 27 yr / 90+ yr 10 6 
NWB #1199 Bryophyte 27 yr / 90+ yr 10 6 

 Young forest sites   
NWB #1152 Carabid beetle 57 yr / 96+ yr 10 6 
NWB #1188 Bryophyte 57 yr / 90+ yr 10 6 
NWB #1203 Bryophyte 57 yr / 90+ yr 10 6 

Koksilah # 24 Chronosequence study 57 yr / 200+ yr 10 6 
 Mature forest sites   

Koksilah # 24 Chronosequence study 87 yr / 200+ yr 10 6 
TOTAL   120 72 
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Figure 1: Ectomycorrhizae Sampling Design

a) Stillwater VR Experimental Comparison Block
4 treatments (0% - clearcut, 5%, 10%, 30% retention) x 3 transects x 4 stations

-15m                    0m   5m            15m          25m      45m-15m                    0m   5m            15m          25m      45m

b) Northwest Bay and Koksilah Stand Age Edge Transects
3 ages (R-Regeneration, S–Sapling, Y-Young or M-Mature) x 3 sites x 5 stations x 2 cores

-15m                    0m   5m            15m          25m      45m-15m                    0m   5m            15m          25m      45m

Uncut stand  - edge              - 0%, 5%, 10% or 30% retention 

Mature stand  - edge               - R, S, Y or M stand

Trap seedlings

Soil core

10m radius tree density plot

Tree

Mini-transect

10m wide transect
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