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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 argument 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 Silviculture Systems Trial to determine whether the presence of 
coarse woody debris will maintain functional biodiversity in the ECM fungal community. 
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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 
10 years.  

In September 2006, we harvested one long lateral root from 10 trees on each 
Complete Removal and Normal Level CWD plot (2 treatments X 3 replicate blocks X 10 
saplings = 60 root samples).  Then 100 randomly selected ectomycorrhizas per root 
sample were carefully separated into those colonized by different fungi.  This was done 
after careful examination under dissecting and compound microscopes.  Two 
mycorrhizas per morphotype were lyophilized and stored at – 80 °C. DNA was then 
extracted from these root tips and the fungal ITS region of nuclear rDNA will be 
amplified using the methods of Twieg (2006. MSc Thesis, Forest Sciences, UBC V). 
Two primer pairs were used to amplify fungal DNA from ECM root tips.  Pair ITS1f and 
4B was attempted first.  If the first PCR reaction was unsuccessful, genomic DNA was 
diluted 1:10 and reamplified with the same primer pair.  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.  PCR products 
were visualized via electrophoresis in 2% agarose gels made with ethidium bromide or 
SYBR-Safe stain.  Samples producing a single PCR product were cleaned with a Charge 
Switch PCR Clean-up Kit (Invitrogen), and 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.  
For NCBI searches, filters were set to attempt to remove matches to fungal sequences 
from mycorrhizal root tips or soil samples; this allowed matching of our root tip samples 
to sequences obtained mostly from fungal sporocarps.  A functional species-level match 
criterion was set at 98% sequence similarity for double-pass and 97% for single-pass 
sequences.  If no species-level match was made between a sample sequence and a 
database sequence, then the ten highest-scoring matches were checked and taxonomic 
placement of the sample was made according to the lowest possible taxonomic consensus 
of those matches.  Sample sequences were grouped to the genus or family level according 
to BLAST results, and separate alignments were performed on each group in ClustalX.  
Pairwise sequence similarities were then calculated within each group (ignoring gaps and 
unidentified bases), and samples were grouped at the species level according to the same 
criteria used in matching to database entries via BLAST searches.  Alignments were then 
visually reviewed to assure quality and detect potentially spurious species matches due to 
numerous gap insertions, large numbers of unidentified bases, and/or short sequences that 



spanned the entire non-variable 5.8s region.  Sequences that could not be matched to one 
unique sequence type without ambiguity were not used for analyses. 

For analyses of ECM fungal species richness, all morphotypes were included that 
either were identified by DNA sequences or presented morphological characteristics that 
were sufficient to classify them as unique within a plot.  Where DNA sequences were 
inconsistent with ECM fungal morphology, samples were either removed from analyses 
or designated as unique at the species level within this study only if morphology was very 
distinctive.  Some subsamples for which no DNA sequences were obtained were placed 
into genus or family based on morphology.  In this study, fungal DNA amplified from a 
large number of root tips BLASTed to Alloclavaria purpurea.  This fungus is of 
unknown status (may or may not be mycorrhizal) and so any morphotypes where A. 
purpurea was amplified from the roots were removed from the analysis. 
 
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 
 
A conservative preliminary analysis of data indicates no difference in species richness in 
the ectomycorrhizal fungal community between the plots differing in retention of coarse 
woody debris (9.8±0.8 genotypes per plot with no CWD and 11.0±16.7 genotypes with 
normal retention).  However, this conclusion may change because of the large proportion 
of root tips removed from the analysis (approximately 50%) due to uncertainty about the 
status of A. purpurea. 
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