
Coarse woody debris retention in subalpine clearcuts does not affect ectomycorrhizal 

community structure over the medium term 

 

Jennifer Walker, Melanie D. Jones and Valerie Ward 

 

Biology and Physical Geography Unit and SARAHS Centre, University of British 

Columbia Okanagan, Kelowna, British Columbia V1V 1V7 

 

In preparation for submission to Canadian Journal of Forest Research



 2 

Abstract 

Shifts in ectomycorrhizal fungal (EMF) community composition occur after clearcut 

logging, resulting in the loss of some forest species. Decayed wood is a remnant of the 

original forest and an important habitat for particular EMF species. Therefore, retention 

of new coarse woody debris (CWD) at harvest is expected to contribute to the long-term 

preservation of pre-harvest community structure because as it decays, niches for EMF 

will be maintained. 

In order to assess if leaving CWD after clearcutting has a medium-term effect on the 

EMF community, we examined ectomycorrhizal root tips in CWD retention (+) and 

CWD removal (-) plots at a high elevation spruce forest 12 years after harvest. Two 1 ha 

treatment plots are located in each of three replicate 10 ha clearcut blocks. Root tips were 

sampled from ten 10 yr-old saplings in each treatment plot. The tips were grouped 

morphologically and identified by sequencing of the ITS region.  

Thelephora terrestris colonized 17.6% of the root tip community, and dominated at one 

block. Interestingly, A. purpurea colonized 7.3% of all tips, but was not detected at this 

block. Analysis of the relative abundance of all taxa detected no significant effect of 

CWD retention or removal, but there was a significant difference in the relative 

abundance of taxa between blocks.  We conclude that retention of CWD has not affected 

the EMF community at the plot scale over the medium term.  We are now conducting 

sampling at a finer scale to determine if ectomycorrhizal communities differ in close 

proximity to the 12-yr-old logs.  
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Fungal DNA detected included that of Alloclavaria purpurea, whose mycorrhizal status 

has been suspected but remains unconfirmed. When suspect samples were cloned and 

sequenced, DNA of other fungal species was not detected. Consequently, although 

further work is required, we believe that A. purpurea was forming the mycorrhizas. 
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Introduction 

Coarse woody debris (CWD) or downed wood is widely recognized as an important 

component of forest ecosystems and 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 the maintenance of animal biodiversity (Jonsson et al 2006), with immediate 

influences on the distributions of small mammals (Craig et al. 2006). However, while 

decayed wood is recognized as an important niche for old-growth-associated soil 

microbes (Elliot et al. 2007), it is not known how the retention of CWD affects soil 

microbes over the short to medium term, when the wood is still hard. Slightly or 

moderately decayed logs may create microhabitats for soil organisms by changing the 

abiotic properties of the soil immediately adjacent to the logs. For example, soil 

temperatures tend to be moderated in the immediate vicinity of large pieces of CWD 

(Spears et al. 2003). Furthermore, Spears and Lajtha (2004) showed that significant 

amounts of acidic, high carbon dissolved organic matter leaches from moderately 

decayed CWD into the adjacent forest floor. Moist forest floors with large accumulations 

of CWD differ from those without CWD in pH, total C, total N, mineralizable N, 

available S, available P, extractable Mg, K and Ca (Kayahara et al. 1996).  

Ectomycorrhizal (ECM) fungi are one group of soil organisms that may be affected over 

the medium to long term by retention of CWD after clearcut harvesting. A major review 

by Jones et al. (2003) 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 EcM fungal community. Influential factors may include greater fluctuations in soil 
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temperature and moisture, as well as reduced carbon input (Jones et al. 2003). Such 

factors could be ameliorated by CWD, even before the wood becomes soft. Decaying 

wood, the long-term product of retained CWD is undoubtedly an important habitat for 

ECM root tips and selects for certain species of ECM fungi (Goodman and Trofymow, 

1998, Buée et al. 2007, Elliott et al. 2007). Some ECM fungi, including Piloderma spp. 

are so dependant on advanced decay stages of CWD that their occurrence declines 

markedly between mature forests and young disturbed stands where CWD is limited or 

absent (Smith et al. 2000).  The ECM fungal communities found in decayed wood differ 

not only taxonomically, but also functionally, with production of higher levels of some 

exoenzymes (Buée et al. 2007). Consequently, providing the conditions to maintain this 

important soil niche could maintain a suite of fungi with a wide range of nutrient-

mobilizing capabilities in the soil of the regenerating stand. It is expected that a 

functionally diverse assemblage of ECM fungi would lend resilience to forest ecosystems 

because ECM fungi differ in their ability to access nutrients, inhabit soil microsites, and 

tolerate a range of abiotic factors.  

There is evidence that leaving mature trees behind after commercial harvesting provides a 

legacy of diverse ECM fungal inoculum to the regenerating stand (Jones et al. 2003, 

Teste et al. 2008). The objective of this study was to determine whether coarse woody 

debris (CWD) can play a similar role over the medium term, while the wood is still hard. 

We tested whether retained coarse woody debris was encouraging a taxonomically 

diverse ectomycorrhizal community 10-15 years after harvest. We did this by sampling 

roots of 10 year-old spruce saplings on replicate 1 ha treatment plots where coarse woody 



 6 

debris generated during clearcut harvesting had been retained or removed prior to 

replanting.  

Methods 

Study site 

The community structure of ectomycorrhizal (ECM) root tips in mineral soils was 

investigated at CWD retention and removal plots in clearcuts at the Sicamous Creek 

Silvicultural Systems Trial. The site is located on the side of Mt. Mara (51 N, 119 W), 

British Columbia, Canada and is classified in the Wet Cold Engelmann Spruce–Subalpine 

Fir Biogeoclimatic Subzone (ESSFwc2) (Coupé et al., 1991). The uncut forest is 

dominated by subalpine fir (Abies lasiocarpa) and Engelmann spruce (Picea 

engelmannii) with a white rhododendron (Rhododendron albiflorum) and 

huckleberry/blueberry (Vaccinium spp.) understory (Craig et al. 2006) on Humo-Ferric 

Podzols (Lloyd and Inselberg 1997 [In Hagerman et al. 1999a, b]). Clearcut harvesting 

took place in the winter of 1994/95, with operational planting of spruce the following 

year. Subalpine fir is naturally regenerating. 

The experimental area includes three replicate 10 ha clearcuts. Cutblock A is NW-facing 

and ranges in elevation from approximately1580 m to 1620 m. Cutblock B is N-facing 

and ranges from approximately 1650 m to 1680 m. Cutblock C is W-facing and ranges 

from approximately 1740 m to 1770 m. In each cutblock, two 1 ha treatment plots were 

established in 1996: retention of coarse woody debris generated during the harvesting 

(designated henceforth as CWD+) and removal of coarse woody debris (CWD-). When 

measured immediately after the treatments were established, CWD volume in m
3
/ha 
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varied as follows: Block A CWD– = 57.0 CWD+ = 453.3; Block B CWD– = 112.9, 

CWD+ = 347.9; Block C CWD– = 60.4, CWD+ = 416.9 (Craig et al. 2006).  

Environmental measurements 

At the center of one plot in each of the three blocks, we installed one Decagon ‘Em5b’ 

datalogger attached to 3 ‘ECH2O’ soil moisture sensors (Decagon Devices, Pullman 

WA), plus three Onset ‘Stowaway Tidbit’ temperature loggers (Onset Computer Corp., 

Pocasset MA), all programmed to collect data every 6 h.  Bulk soil was also collected at 

the time of root sampling and analyzed for exchangeable cations; mineralizable, available 

and %N; and %C. 

Sampling and examination of roots 

In summer 2006, one long lateral root was sampled from each of ten 10 yr-old spruce 

saplings in all six plots. Roots were stored at 4 C in soil in plastic bags for up to 3 

months. In order to characterize the ECM community on the saplings, the roots from each 

sample were rinsed gently in tap water and cut into 1 cm sections, which were then 

selected at random from a grid until 100 live ECM root tips had been examined per 

sample. The ectomycorrhizal root tips were assessed for taxonomic identification both 

morphologically and molecularly. Turgid tips with a fungal mantle and/or Hartig net 

were considered to be live ectomycorrhizas and were separated into morphological 

groups based on Agerer’s (1987-2002) descriptions and the procedure of Goodman et al. 

(1996). Morphotypes were distinguished by the type of branching, colour, texture, 

abundance of hyphae, presence of rhizomorphs, and other microscopic features of the 
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mantle and emanating hyphae. For each morphological type from every sample, two tips 

were stored at -80C for DNA extraction. 

DNA extraction and PCR amplification 

DNA was extracted directly from root tips by grinding with ceramic beads as described in 

the Qiagen DNEasy kit (Qiagen Inc. Mississauga, ON). The internal transcribed spacer 

(ITS) region of fungal ribosomal DNA was amplified using forward primer NSI1 (5’-

GATTGAATGGCTTAGTGAGG-3’) and reverse primer NLC2 (5’-

GAGCTGCATTCCCAAACAACTC-3’) which together amplify an 1150 base pair 

fragment from the 5’ end of the SSU to the 5’ end of the LSU (Martin and Rygiewicz 

2005). This primer set is designed to amplify both ascomycete and basidiomycete DNA, 

but the basidiomycete-specific primer pair ITS1F (5’- 

CTTGGTCATTTAGAGGAAGTAA-3’) and ITS4B (5’-

CAGGAGACTTGTACACGGTCCAG-3’) (Gardes and Bruns 1993) was used if the first 

pair failed a second trial with DNA diluted 1:10. Each 30 µl PCR reaction mixture 

included 3.0 µl 10X buffer, 0.6 µl 10mM dNTPs, 0.36 µl 10mg/ml BSA, 2.76 µl 0.1 M 

MgCl2, 0.14 µl of each forward and reverse primer 0.15 5 U/ml Taq polymerase and 1.0 

µl of template DNA. Thermocycler conditions began with a hot start to reduce non-

specific amplification (95 °C for 10 min.) followed by 34 cycles of: 94 °C denaturing for 

45 sec., 54 °C annealing for 45 sec., 72 °C extension for 1 min. The final extension step 

of 72 °C for 10 min was followed by cooling to 4 °C. PCR product producing single 

bands of expected size on 1% agarose gels stained with SYBRsafe was cleaned of excess 

primers and free nucleotides (ExoSAP-IT, USB Corp, Ohio).  
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Amplicons were sequenced with forward primer ITS1F and reverse primer ITS4 using 

the Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems Inc, CA). Sequences 

were aligned and corrected using Sequencher 4.2 software (Gene Codes Corp, MI), and 

compared to international databases (NCBI, UNITE) for BLASTn identification 

(Altschul et al. 1997). Sequences of at least 500 base pairs were considered to match 

database species if there was 97 % or more similarity; high similarity over shorter 

sequences or long sequences with lower similarity were assessed at the genus, family, or 

order level based on a consensus of the top ten scoring matches (Izzo et al. 2005, Twieg 

et al. 2007).  

Determining identities of conflicting matches 

Where molecular identification from sequence analysis conflicted strongly with 

morphotype results, cloning of the PCR fragments, re-amplifying of select clones, and 

additional sequencing was used to attempt to resolve identities and to confirm the 

presence of only one fungal associate. PCR amplicons were ligated into a vector and then 

transformed into competent (E. coli) cells using a TOPO TA Cloning Kit following the 

manufacturer’s recommendations (Invitrogen Corp, CA) (Landeweert et al. 2003, 

Lindahl et al. 2006). These cells were plated out at two dilutions; individual colonies 

grown from bacteria that successfully took up the fragment of interest were chosen for a 

second round of PCR amplification (using the original primers) and sequencing. Sixteen 

colonies were selected from each sample under examination to test for the presence of  

any fungal DNA other than that identified in the original round of PCR and sequencing. 
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Data analysis 

A frequency matrix (number of tips counted per taxon per seedling) was used to calculate 

rarefied taxon richness using Estimate S (Colwell 2006). This dataset included all taxa 

with confirmed molecular identification as well as those classified solely on the basis on 

morphological traits. Many samples had fewer than 100 mycorrhizal root tips, and hence 

sample sizes varied. Therefore, sample-based rarefaction was applied in order to correct 

richness estimates for the unequal number of tips per sample. Sobs (Mau Tau) was 

chosen to estimate expected taxon richness, and Simpson’s dominance index was used to 

explore taxon evenness (McCune and Grace 2002, Smith and Wilson 1996). A relative 

abundance matrix (% of total mycorrhizal tips examined) was calculated from the 

richness dataset by dividing the number of tips from each taxon per seedling by the total 

number of tips counted on that seedling (e.g. 4 tips/100 tips).  

Differences in fungal species composition (frequency and relative abundance) between 

treatment plots were visualized using Nonmetric Multidimensional Scaling (NMS) and 

Principal Components Analysis (PCA) ordinations in PC ORD 5.0 (McCune and Mefford 

2002). The former is especially recommended for non-normal datasets with non-linear 

relationships (i.e. especially suited to ecological data) (McCune and Grace 2002). 

Differences in taxon frequency and relative abundance were tested statistically using 

permutational multivariate ANOVA (Anderson 2005). One-way ANOVAs were used to 

test for differences between mean number of taxa per sample or mean number of taxa per 

plot, while t-tests were used to analyze soil data. The latter two analyses were performed 

with Statistica 6.1 (StatSoft Inc. Tulsa OK). 
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Results 

Soil properties 

Maximum daily soil temperatures at Block A were significantly higher throughout the 

snow-free season (p<0.01), but especially through the hottest part of the summer (end of 

June to end of July), than they were at Block B and C (Figure 1). Maximum temperatures 

tended to be lower at Block A (and to drop to less than 0˚C) than at other blocks in the 

fall as snow accumulated at the higher sites, while Block A remained snow-free. 

Minimum soil temperatures did not vary significantly overall between blocks, and soils at 

all blocks remained within one degree of zero once covered by snow. 

At the onset of snow melt in late spring, soil moisture was at first higher at Block A, but 

this rapidly changed and the block remained significantly drier on average (p<0.01) than 

both Block B and Block C, especially over the hottest period (Figure 2). Snow-free 

season soil moisture also varied significantly overall between Blocks B and Block C 

(p<0.01); this variation was driven by higher soil moisture at Block B during the hottest 

months. Soil moisture did not vary between plots once the seasonal snow cover was 

permanent. 

Soil chemical properties did not differ significantly between CWD treatments although 

there was a trend toward higher exchangeable Ca and overall CEC, as well as higher 

mineralizable N, in CWD retention plots versus removal plots when all plot data was 

combined (Table 1). This finding was driven by values derived from the Block B CWD+ 

plot, as individual plot analysis shows that, in the absence of these outlying values, the 
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CWD removal plots were higher on average. None of these trends were significantly 

different between individual plots, or between blocks when plots were combined. 

Species richness and evenness 

Species accumulation curves show that sample saturation has clearly not been reached, a 

common observation in studies of ectomycorrhizal fungal communities, (Figure 3). 

Expected taxon richness per plot was not significantly affected by retention of CWD 

(Figure 4), nor was it different between treatments when replicate CWD+ plots or 

replicate CWD- plots were combined from all three blocks (Figure 5). Although this 

rarefied richness appeared to differ amongst blocks, when both CWD+ and CWD- 

treatments were combined at each block, these differences were not significant. 

There was a measurable difference in taxon evenness per plot (the equitability of taxon 

abundance for all samples in each plot combined) between plots (Figure 6). Roots 

sampled from the CWD retention plot at Block A had been colonized by a more even 

abundance of taxa than all other plots. Given that evenness is a component of diversity, 

the ECM fungal community on these roots can be considered more diverse. There was no 

significant difference in taxon evenness per plot between CWD treatments (Figure 7). 

The highest mean number of taxa per plot was found at Block A (27.5), and the lowest at 

Block C (21). There was no significant difference in mean number of taxa per plot 

between CWD treatments overall  (p=0.4); more taxa were counted in retention plots at 

Blocks A and B, but more were counted in the removal plot at Block C. The fewest taxa 

per seedling were counted at the CWD removal plots in Block A and Block C (both 3.5), 

and the most at the CWD retention plot at Block B (4.1). Although slightly more taxa 
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tended to be detected on seedlings in retention plots than removal plots in each block, 

there was no significant difference detected across all blocks (p=0.4), nor between 

treatments within blocks (A, p=0.8; B, p=0.4; C, p=0.7). 

Identities and distribution 

ECM fungi detected both morphologically and molecularly on root tips of 10-yr old P. 

engelmannii saplings at Sicamous Creek include members of both the Ascomycotina and 

Basidiomycotina (Table 2).  The ascomycetes included representatives of the Pezizales 

(such as the Pyronemataceae genus Wilcoxina), Cenococcum geophilum, plus an 

additional unknown Ascomycete. Basidiomycetes include members of the Agaricales 

(Russula aeruginea, Lactarius sp., Hygrophorus sp., Cortinarius or Dermocybe sp., 

Inocybe sp., Piloderma sp., Tylospora sp.) and the Thelephorales (Thelephora terrestris). 

We also found the recently classified clavaroid Hymenochaetale (formerly of the 

plicaturopsidoid Agaricales), Alloclavaria purpurea, and finally Amphinema sp., and 

Melinomyces bicolor. 

NMS ordination based on frequency of occurrence of fungal taxa in the six plots found 

no grouping of plots by CWD treatment (Figure 8). Permanova analysis also shows this 

(p=0.24).  Instead, overall fungal community composition is more similar between the 

two plots on the same block, with the blocks separating along Axis 2. This overall 

difference in taxon frequency between blocks is statistically supported (p=0.001), as are 

pairwise differences between A and B (p=0.006), A and C (p=0.002), and B and C 

(p=0.008). The two plots from the A block separated from each other along Axis 1, 
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whereas the two plots from within Block B and within Block C were very similar to each 

other along Axis 1.  

Some taxa were detected with great frequency at few sites, while others were found with 

lower frequency, but at almost all sites. For example, Amphinema spp. was detected 

frequently (10 occurrences out of 60 seedlings) across all blocks and plots, with the 

exception of B+. This is demonstrated by its location at the center of the NMS plot. 

Similarly, Cenococcum geophilum, and Melinomyces spp. (8 occurrences each) were 

detected in all except the C+ plot. Thelephora terrestris was the most frequent identified 

species by far (21 occurrences), while an un-named fungus (Unk 2) occurred 29 times; 

both were absent at A+. Alloclavaria purpurea was frequently detected (8 occurrences) 

but had a more limited distribution. It was found only in A+ and B plots. Alternately, an 

unknown (Unk 57) was frequently detected (8 occurrences) but was found only in C- and 

B plots. Many other taxa were detected only once and are therefore strongly aligned with 

one plot in the ordination. 

Relative abundance was explored with PCA ordinations and, as with frequency, 

permanova analyses suggested a significant difference in the overall relative abundance 

of fungal taxa by block (p=0.001), and between each pair of blocks (A and B p=0.008, A 

and C p=0.001, B and C p=0.004).  Again, some taxa were very abundant at few sites, 

while others made up a small proportion of the community at many sites (Figure 9).  For 

example, Amphinema spp. (detected at all but B+ plots) was very abundant, comprising 

7.5% of the root tip community at this site; 6.9% of this was distributed across the CWD 

removal sites only and, accordingly, it is associated more closely with the CWD removal 

(minus) plots on Axis 3 of the PCA image. Together, two Tylospora representatives were 
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the next most abundant (5.4%) and found at all plots, while three Inocybe spp. made up 

5.0% of tips in all plots except A- and B-.  An unknown Agaricales (3.8%, almost 

exclusively at A-) and two Lactarius sp. (2.9%, found only at Block A) along with 

representatives of the Atheliaceae (including Hebeloma)(1.0%, only at A plots) were 

prevalent, but with a limited distribution. Alternately, members of the Pyronemataceae 

(including Wilcoxina) (2.1%, not at B+), Melinomyces spp. (1.9%), and Cenococcum 

geophilum (1.4%), although widespread, were not particularly abundant.  

Thelephora terrestris was the most abundant ECM species (17.6% of all root tips), and 

dominated at Block C (12.4%). It was found on saplings from all but the A+ plot, and 

was present on 9 of 10 root samples at C+ (8.1% of total tips), and on 4 of 10 roots at C- 

(an additional 4.2%).  Unknown 2 was also very abundant (12.3%) with over half of this 

(6.9%) detected on half or more of the seedlings at Block B. Alloclavaria purpurea was 

abundant (7.3%), but 6.9% of this was distributed on only a few seedlings at A+ and 

especially B- plots (4.7%). This ordination reinforced that Alloclavaria purpurea is 

generally to be found where T. terrestris is not; for example, it was not detected at either 

of the C plots, or at A-.  Many other taxa made up 1% or less of the overall root tip 

community at this site. 

 

Cloning of conflicting morphotype and sequence data 

The original sequencing of the fungal DNA detected Alloclavaria purpurea in groups of 

root tips representing up to 50% of the root tip samples. No fruiting bodies have been 

observed at the site over the past two years, and no distinct mycorrhizal morphology was 
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noted.  This has made it difficult to establish its relative abundance because it is easily 

confused with other mycorrhizal fungi.  Six DNA samples that had BLASTed to A. 

purpurea were re-examined using a cloning approach. When clones were chosen from 

each sample for sequencing, no other fungus was detected. Instead, DNA from up to 16 

sampled clones matched to a voucher specimen of A. purpurea. In all cases, DNA of only 

one fungus was detected in all clones from a samples.  This resulted in several groups 

being reclassified as mycorrhizas of A. purpurea, whereas several others continued to 

match poorly to any fungal DNA in the NCBI or UNITE databases. 

Discussion 

No effect of CWD retention was detected when the ectomycorrhizal community was 

investigated at the plot scale because ECM fungi have a patchy distribution. 

In our study there was no detectable difference in ECM fungal community structure 

between CWD+ and CWD- plots at the plot scale. We think that there are two 

explanations for this.  First, because the roots were sampled randomly, many of those 

from the plots with retained CWD were not in close proximity to pieces of CWD and 

would not have been influenced directly by them.  Secondly, the logs may not yet be 

decayed enough to provide habitat for ectomycorrhizal fungi. It is possible that 

differences in ECM communities will occur in these plots over the longer term and will 

be detected if more finely targeted sampling is carried out. 

  

In theory, different ECM fungi will be found in substrates with different properties, 

possibly CWD+ and CWD- plots, but especially different microsites such as decayed 



 17 

wood or mineral soil immediately adjacent to decaying CWD. Jones et al. (2009) provide 

evidence for the concept of niche partitioning in ECM fungi in the field due to the 

detection of different physiological abilities amongst three dominant ECM fungi on 

spruce seedlings. The lack of detection of any differences in species richness (frequency) 

or evenness (relative abundance) between treatments can be partly explained by incorrect 

scale.  

 

Forest soils are highly heterogeneous and different soil microsites, such as organic 

horizons, mineral soil, and decayed wood support different root densities and fungal 

assemblages. Nutrient status can change over a two-meter horizontal interval in 

coniferous forest soils (Liski et al. 1995 [In Tedersoo et al. 2003]) and nutrient 

availability may fluctuate enormously over the length of one decaying log (Pyle and 

Brown 1999 [In Tedersoo et al. 2003]), or vary greatly over a few vertical centimeters 

(Lindahl et al. 2007). These horizontal and vertical changes are associated with a patchy 

distribution of some ECM fungal species, although this spatial organization is not always 

displayed by others (i.e. Cenococcum) (Tedersoo et al. 2003, Genney et al. 2006).  ECM 

taxa with a widespread distribution at the Sicamous Creek site were detected frequently 

regardless of their distance from pieces of CWD. Conversely, ECM taxa with a very 

localized distribution (i.e. very strongly associated with CWD) may have been 

overlooked, despite their abundance, because of this patchiness. 
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The frequency and relative abundance of key species and groups differed between blocks 

because of differences in abiotic properties of the soil 

Although some of the fungi without firm identities may be from the same species, these 

data are similar to rank abundance data from other ECM communities, where a few very 

abundant and many rare species are typically observed. This is reflected by the species 

accumulation curve showing that many rare species remain undetected. 

  

The relative abundance (evenness) of species was different between blocks; the CWD 

retention plot at Block A was the most diverse (highest mean number of taxa and most 

evenly distributed taxa). Block A soils were hotter and drier over the snow-free season 

than the other two blocks, and experienced below zero temperatures in the late fall due to 

delayed permanent snow cover. In general, based on these properties, this site was the 

most variable, and could perhaps provide a more diverse range of ECM habit, or select 

for a wider variety of ECM fungi. 

 

ECM fungi have historically been detected more frequently and/or with greater 

abundance in moist sites. Goodman and Trofymow (1998) found a greater number and 

diversity of ECM tips in logs versus stumps, and hypothesized that the logs retain more 

moisture and are more easily invaded by roots. Active ECM root tips were found most 

frequently by Harvey et al. (1979) in moist substrates, especially in humus and decayed 

wood. This distribution had a temporal component: in the spring, the largest proportion of 

active ECM root tips were found in wet, organic layers, but once this niche dried out 
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through the summer and into the fall, greater numbers were found in decaying wood 

(Harvey et al. 1978). These findings suggest that we may indeed detect a difference in the 

ECM community over the longer term when we examined decayed wood substrates (our 

second reason for the absence of a treatment effect), and that decaying wood is an 

especially important niche for ECM fungi when dry conditions prevail. Incidentally, the 

coarse woody debris retention plot in Block A had the largest volume of retained wood 

(450 m
3
/ha) of all of the plots. This may provide an alternative explanation for the higher 

diversity of ECM fungi detected there despite hotter, drier conditions. 

The most frequently encountered and widespread ECM fungi at this site included 

Thelephora terrestris, Amphinema spp., Cenococcum geophilum, and Melinomyces spp. 

These are common early-stage fungi.  An interesting observation is the apparent 

complementary distribution of T. terrestris and A. purpurea: the former clearly dominates 

at Block C, where the latter is conspicuously absent, and the latter is concentrated at A+, 

where the former was not detected. Suggestions of complementarity in distribution 

amongst ECM fungi has been found previously by  Dickie and Koide (). 

Alloclavaria purpurea is an ectomycorrhizal root associate at this site 

A. purpurea was both frequent and abundant but with limited distribution at this site; it 

was only detected on a few seedlings at the Block A retention plot and at both Block B 

treatment plots. We hypothesized that DNA from both A. purpurea and an ECM fungus 

would be detected from suspect root tip samples, reflecting PCR bias for the DNA of a 

fungus present perhaps as an endophytic saprotroph in the mycorrhizosphere. 

Surprisingly, DNA from only A. purpurea was distinguished after additional cloning and 
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sequencing. There are a few other Hymenochaetoids (Dentinger and McLaughlin 2006) 

that are mycorrhizal, and the fruiting bodies of A. purpurea have been noted in spruce 

forests (Matheny, Dentinger personal communication with BT). There is an increased 

probability that A. purpurea is acting as an ectomycorrhizal fungus, but confirmation is 

not possible without a test for the ability of cultured A. purpurea to form mycorrhizae on 

spruce. It appears to be a dominant ECM root associate at this site and is therefore treated 

as part of the ECM fungal community.  

Conclusion 

When we sampled roots randomly from saplings growing on CWD retention and removal 

plots, we found no indication, at the scale of these 1 ha plot, that the retention of CWD 

has had a medium term effect on the structure of the ectomycorrhizal fungal community.  

In order to address both the issue of sampling scale and of age of the wood, we have 

started a second study where we have planted seedlings directly in decayed wood, 

immediately adjacent to relatively intact logs, or some distance away from either of these.  

The ectomycorrhizas on these seedlings will be used to compare not only niches on a 

microsite scale, but also the influence of CWD retention in the medium (represented by 

the intact logs) and long term (represented by the decayed wood). 
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Table 1. Abiotic soil properties in CWD retention and removal plots at all blocks 
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Final taxonomic identity 

Best NCBI 

accession 
# match 

# 
bases 

% 
match 

Specimen 
type Publication 

Agaricales 1 UDB000937 453 93 fruitbody Eyjolfsdottir, G.G. 

Agaricales 2 AY573536 419 88 sporocarp Krause,K. and Kothe,E. 

Agaricales 3 or Hymenochaetales 1 DQ486690   384 99 voucher 

Matheny,P.B., Curtis,J.M. and 

Hibbett,D.S. 

Agaricales 4 or Hymenochaetales 2 AY228345  175 89 sporocarp 

Stewart,A., Berbee,M.L., Inderbitzin,P. 

and Fischer,A.L. 

Agaricales 5  AJ585471 460 97 fruitbody Kauserud,H. 

Alloclavaria purpurea DQ486690 553 99 voucher 

Matheny,P.B., Curtis,J.M. and 

Hibbett,D.S. 

Amphinema 1 AY219839 592 99 root tip Kernaghan,G., Sigler,L. and Khasa,D. 

Ascomycetes 1 
DQ093752 464 98 

decayed 
root 

Menkis,A., Vasiliauskas,R., Taylor,A.F.S., 

Stenstrom,E., Stenlid,J. 

Atheliaceae 1 AY838271 329 92 voucher Eberhardt,U. 

Atheliaceae 2 UDB001719 locked  unknown Larsson,KH 

Cenococcum geophilum  AY394919 664 99 EM tip Berbee, Lim, etc 

Cortinarius/Dermocybe 1 
 AY669585 477 94 voucher 

Garnica,S., Weiss,M., Oertel,B. and 

Oberwinkler,F. 

Cortinarius/Dermocybe 2 DIU56043 443 98 sporocarp Liu,Y.J. and Rogers,S.O. 

Hygrophorus 1 UDB000568  locked  fruitbody Larsson E 

Inocybe 1 AM113952   408 96 sporocarp Kjoller,R. 

Inocybe 2 UDB000617 617 97 fruitbody Larsson, E 

Inocybe 3 AJ889952 295 92 sporocarp Cline et al. 

Inocybe 4 AY751558  622 97 sporocarp Cline,E. 

Lactarius 1 
 AF093456 533 92 not clear 

Marin,M., Ibarra,M., Garcia,L. and 

Ferrer,S. 

Lactarius 2  FJ858418.1 484 98 voucher Kranabetter et al. 2009 

Meliniomyces bicolor EF093183 678 98 

root tip 

isolate Berbee et al 

Pezizales 1 DQ069051 313 99 Myc. Tip no 

Piloderma 1 UDB001614 590 94 Fruit body Koljlg,U 

Polyporales 1  AJ419931  514 96 isolate Gronberg,H., Paulin,L. and Sen,R. 

Pyronemataceae 1  DQ150131  603 97 clone Selosse,M.-A. 

Pyronemataceae 2 
DQ320129  499 96 tip 

Vasiliauskas,R., Menkis,A., Finlay,R. and 

Stenlid,J. 

Pyronemataceae 3 
 DQ069002   445 96 tip 

Menkis,A., Vasiliauskas,R., Taylor,A.F.S., 

Stenlid,J. and Finlay,R. 
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Figure 1. Maximum and minimum daily soil temperatures at -5 cm in Blocks A, B, 
and C over the average snow-free season at Sicamous Creek. 
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 DQ069002 360 98 root tip 
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Russula 1 
DQ367913 700 97 sporocarp 

Durall,D.M., Gamiet,S., Simard,S.W., 

Kudrna,L.&Sakakibara,S.M. 

Russula aeruginea AF418612 558 98 sporocarp no 

Thelephora terrestris AY750163  611 99 sporocarp Cline,E. 

Tylospora 1 AF052557    617 95 voucher  Eberhardt,U. and Walter,L. 

Tylospora 2 AF052557 570 98 voucher Eberhardt,U. and Walter,L. 

Tylospora 3  AF052558     377 97 sporocarp Eberhardt,U., Walter,L. and Kottke,I. 
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Figure 2.  Daily average soil moisture at -5 cm in Blocks A, B, and C over the 
average snow-free season at Sicamous Creek . 
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Figure 3. Species accumulation curve for up to 100 root tips observed from each 
of 60 seedlings sampled; taxon groups include all individual unknowns. 

 

 

 

 

 

 

 

Figure 3. Species accumulation curve for up to 100 root tips observed from each 
of 60 seedlings sampled; taxon groups include all individual unknowns. 
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Figure 4. Rarefied expected richness at each coarse woody debris (CWD) 
retention and removal plot. Solid lines are retention plots and large dashed lines 
are removal plots; dotted lines and small dashed lines reflect 95% confidence 
intervals. 

 

 

                                                                 

                                                         

 

 

 

 

 

 

 

Figure 5. Rarefied expected richness at all coarse woody debris (CWD) retention 
or removal plots combined. Dotted lines reflect 95% confidence intervals. 
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Figure 6. Simpson evenness at each coarse woody debris (CWD) retention and 
removal plot. Solid lines are retention plots and large dashed lines are removal 
plots; dotted lines and small dashed lines show standard deviation. 

 

 

 

 

 

                                                              

 

 

 

 

 

Figure 7. Simpson evenness at all coarse woody debris (CWD) retention or 
removal plots combined. Dotted lines reflect standard deviation. 
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Figure 8. Two-dimensional NMS ordination of taxon frequency by Block (A, B, or 
C) and treatment plot (CWD retention/plus (P) or removal/minus (M)). Taxa are 
as labeled, and plots are as follows: Block A retention (AP), Block B removal 
(BM), and so forth. 
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Figure 9. Three-dimensional PCA ordination of taxon relative abundance by 
Block (A, B, or C) and treatment plot (CWD retention/plus (P) or removal/minus 
(M)). Taxa are as labeled, and plots are as follows: Block A retention (AP), Block 
B removal (BM), and so forth. 
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