
Executive Summary 
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Project Title: Does retention of downed wood help maintain stand-level functional 
biodiversity of mycorrhizal fungi in EESF clearcuts? 
 
Project purpose and management implications 
 

Coarse woody debris (CWD) or downed wood is widely recognized as an 
important component of forest ecosystems. Therefore forest certification criteria often 
include a requirement that coarse woody debris be retained on site after harvesting (e.g., 
Forest Stewardship Council 2005).  The case for retaining coarse woody debris typically 
involves arguments about the maintenance of animal biodiversity, however major 
questions remain about the effectiveness of coarse woody debris in achieving these goals. 
For example, the FRPA Resource Evaluation Program lists the following question as the 
second highest in importance: “Is the structural retention (WT and CWD) left associated 
with cutblocks adequately maintaining habitat for dependent species at the site and across 
the landscape now and in the future?” 
(http://www.for.gov.bc.ca/hfp/frep/4_frep_pe_questions.html; April 2006). There is 
rarely any attention paid to the importance of CWD in influencing soil biodiversity, and 
yet soil factors and associated ecosystem functions are always highly ranked in 
sustainability criteria.  This lack of information on soil was highlighted in a recent 
FORREX workshop 
(http://www.forrex.org/publications/other/filereports/C&IForum2006.pdf). We 
hypothesize that coarse woody debris will increase ECM diversity because downed wood 
supports a high density of ectomycorrhizas with some types of ectomycorrhizas found 
exclusively in coarse woody debris. 
 A major review by the team leader (Jones et al. 2003. New Phytol 157:399) 
concluded that clearcut harvesting rarely has an effect on the rate at which new seedlings 
become colonized by mycorrhizal fungi, but always causes a change in the 
ectomycorrhizal (ECM) fungal community.  This shift in fungal species seems to be 
driven in large part by a reduction in the availability of effective inoculum of some fungi. 
In particular, because some ECM fungi cannot disperse vegetatively once their host tree 
is dead, fungi that can disperse by spores tend to dominate over fungi that disperse by 
root-to-root growth. This is a concern if it means that seedlings no longer have access to 
the full spectrum of ECM fungi previously present on a site.  In addition to differences in 
inoculum, it is likely that changes in environmental conditions after harvest are also 
responsible for some of the species shifts. In this project we build on our previous studies 
at the Sicamous Creek Silvicultural Systems Trial to determine whether the presence of 
coarse woody debris will maintain functional biodiversity in the ECM fungal community. 
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funding is being provided by an NSERC Discovery Grant awarded to Melanie Jones.  
The NSERC grant covered the stipend of Jen Walker, and also covered additional travel 
expenditures.   
 
Methodology overview 
 
The Sicamous Creek site was harvested over the winter of 1994-95 to create three 
replicate blocks, each with five treatments.  In four of the five treatments, 30 % of the 
timber volume was removed by partial cutting or by producing clearcuts of 0.1, 1.0 or 10 
ha in size. In 1996-97, three CWD treatments were established in each 10-ha clearcut and 
uncut control: 1-ha plots with complete removal of downed wood, removal of 50% of 
downed wood or natural levels.  Engelmann spruce seedlings were operationally planted 
in 1996. These small trees have been exposed to the coarse woody debris treatments for 
12 years.  

In Year 2 of the project, we conducted three main activities: (i) we analyzed 
activities of extracellular enzymes associated with the ectomycorrhizae of the spruce 
trees; (ii) we used Biolog phenotype plates to test the ability of the extramatrical hyphae 
(hyphae extending beyond the fungal mantle) to degrade organic forms of N, P and S; 
and (iii) we planted non-mycorrhizal spruce seedlings in microsites differing in type of 
contact with CWD. 

Over three weeks, (one week per cutblock), one long lateral root was harvested 
from 10 trees on each Complete Removal and Normal Level CWD plot (2 treatments X 3 
replicate blocks X 10 saplings = 60 root samples). These were the same trees sampled in 
2006. Then 21 randomly selected ectomycorrhizas per lateral root were separated into 
groups colonized by different fungi after examination under a dissecting microscope.  
Each tip was tested sequentially for the activity of eight extracellular enzymes using the 
microplate method developed by Courty et al. (2005. New Phytol 167: 309-319).  The 
eight hydrolytic or oxidative enzymes, phosphomonoesterase, N-acetylglucosominidase, 
ß-glucosidase, laccase, xylosidase, cellobiohydrolase, glucuronidase, and leucine 
aminopeptidase, are associated with the breakdown of organic molecules in litter, wood 
and soil.  Activities were quantified by measuring the release of coloured (laccase) or 
fluorescent (all other enzymes) products from substrates specific for each enzyme. All 
assays were completed within 5 days of collection of root samples.

Once the enzyme assays were complete, each tip was scanned to measure its 
surface area and then frozen.  Later, DNA was extracted from representative samples of 
these root tips, and the fungal ITS region of nuclear rDNA amplified using the methods 
of Twieg et al. (2007. New Phytol. 176: 437-447). Two primer pairs were used: pair 
ITS1f and 4B was attempted first; if this reaction was unsuccessful, primer pair NSI1 and 
NLC2 was used, first on undiluted genomic DNA and subsequently on the 1:10 dilution 
if no product was obtained from the undiluted sample. Cycle sequencing was carried out 
with a Big Dye kit (Applied Biosystems) using forward and reverse primers ITS1f and 
ITS4 or NSI1 and NLC2.  PCR products that showed multiple bands on gels were not 
sequenced. Forward and reverse sequences were aligned in Sequencher 4.2 (Gene 
Codes).  The resulting consensus sequences, or single-pass sequences for cases in which 
one primer failed to produce a useful sequence, were then manually corrected and 
trimmed.  Each sequence was then BLAST searched through NCBI-linked and UNITE 
databases. A 98% match to a sequence of at least 500 base pairs in length was considered 



a definitive match for identification to the species level.  Weaker matches were used to 
assign the fungus to a genus or family. 

The second activity was to analyze the ability of extramatrical hyphae to use 
different forms of organic N, P, and S using BIOLOG® Phenotype MicroArray™ plates. 
In these plates, oxidation of the substrate in a well results in the reduction of a 
tetrazolium dye; the colour change is measured using a microplate reader. Over three 
weeks in August, 2007, we harvested the sand-filled mesh bags placed in the CWD plots 
in 2006. Within a week of being collected, sand was removed from each bag, shaken in 
water, sieved, and washed into a beaker where hyphal fragments floated. This extract was 
mixed with liquid media containing glucose and antibiotics (Grizzle and Zak 1999. 
Mycologia 98: 353-363) and was added to wells of BIOLOG® PM3 and PM4 plates. 
Visual observations of growth and colourimetric measurements were made at 24 hour 
intervals for 9 days, and again at 3 weeks.  DNA was extracted directly from cultured 
hyphae by grinding with ceramic beads (Qiagen DNEasy kit). The internal transcribed 
spacer (ITS) region of fungal ribosomal DNA was amplified using forward primer NSI1 
and reverse primer NLC2 as described above. 

The final activity was to plant spruce seedlings in three types of microsites in the 
two types of CWD plots as well as in1 ha plots established in the adjacent forest: 

1. decayed wood of Vegetation Resources Inventory (VRI) decay class 4, 5 
or ‘blob’ (Government of BC VRI 2004) located at least 50 cm from any 
visible CWD of decay class 1-3; 

2. bare ground with primarily mineral soil located at least 50 cm from any 
visible CWD; and 

3. a site within 5 cm of a log of at least 10 cm in diameter and of VRI decay 
class 1-3; in the plots where all CWD had been removed at harvest, 
stumps were used instead of logs (Table 2). 

The three microsites were clustered within 1-2 m of each other at 25 randomly-selected 
locations in all three 1 ha treatment plots in each block (3 microsites x 25 random 
locations x 3 treatments x 3 blocks = 675 seedlings). These seedlings will be used as 
bioassay seedlings to trap ectomycorrhizal fungi in the microsites. Any dead seedlings 
were replaced in September.  

 
Project scope and regional applicability 
 
The results will be valid in the Engelmann Spruce-Subalpine Fir Zone throughout BC.  
Some of the principles may also apply in other forest types, but this couldn’t be 
determined without further research.  
  
Any interim conclusions, inference or information that might be immediately useful 
to forest practitioners and other researchers 
 
There appears to be no effect of coarse woody debris retention on the level or type of 
enzyme activity of the ectomycorrhizal fungal community, when measured at the plot (1 
ha) scale.   
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