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Workshop Purpose 
 

BC researchers and biologists have been studying the ecology of ectomycorrhizal fungi and the effects 

of forestry practices on their diversity over many years through FIA-FSP and other funding sources. As 

part of a joint FIA proposal on “Integration of information on ectomycorrhizal fungal species for use as 

indicators of sustainable forestry in British Columbia, “ Trofymow and Durall proposed a workshop to 

be held in the second year, 2008, to familiarize with and promote the new and updated taxonomic tools 

and data developed in 2007 on BC Ectomycorrhizal Research Network (BCERN) web site ot EM 

researchers in BC, to identify issues in the use of EM fungi as biodiversity indicators in BC, and to 

discuss how to develop thresholds and response curves for this taxon, applicable in forest practices 

monitoring. 

 

Introduction 
 

The workshop was intended to address Theme 3, of the FIA 2007-08 Sustainability Program: 

“Indicators, thresholds, and monitoring systems” and specifically two priority topics 3.1(a) 

“Development of indicators and monitoring systems” and 3.2 (a, b,c) “Indicator thresholds of 

sustainability.”  

 

One of the goals in the first year of the proposal was to facilitate use of ectomycorrhizal (EM) fungi as 

indicators of sustainable forestry through preparation and release of DNA and morphological data for 

~190 EM isolates recovered from recent FSP- funded projects in coastal and southern interior BC 

regions. This new data plus data for 343 EM types previously published elsewhere were posted to the a 

revised BCERN web site in common format. Such information is applicable to a variety of forest types 

in the Pacific Northwest and may also be of interest to researchers conducting studies on 

ectomycorrhizal fungi elsewhere. 

 

Variable retention, dead wood retention, green tree retention single or group, and rotation length, are 

examples of sustainable forest practices with the intent of retaining the inherent biodiversity of a site. 

Developing an understanding of what the response curves and thresholds for EM fungi are to such 

practices could include addressing questions such as: 

 What are the appropriate measurments of EM diversity to use eg.  %root colonization, EM 

richness, presence of specific genera or species? 

 What are the appropriate monitoring methods for EM fungi.  

 How much of a practice is enough to maintain the inherent EM diversity on a site (response 

curve) 

 Below what level of EM diversity is forest productivity and ecosystem health affected 

(threshold) 

 

While the first part of the workshop was to be devoted to the current EM taxonomic issues and recent 

BCERN website developments, the second part of the workshop was on current related EM research 

with the focus of discussions to address a variety of questions pertaining to the ecology of EM fungi 

and the methodology and direction of our relevant research in BC. These discussions included but were 

not limited to the following questions: 

 

 The concepts of “indicator”, “monitoring systems”, and “coarse, fine filters” 

 Rationale for EM fungi as biodiversity indicator 

 Are EM fungi the charismatic representative taxa for other forest soil biota? 
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 The meaning of response curve and interpretations of „threshold level”  

 Is EM fungal diversity a good measure of forest ecosystem health? Forest productivity? 

 What are the appropriate monitoring methods for EM fungi? 

 What other tools or techniques are needed to facilitate use of EM fungi as an indicator? 

 Are coarse filter forest practice monitoring approaches (ie. forest structure, green tree, dead 

wood, rotation length) sufficient to maintain the inherent EM diversity of a forest landscape? 

 Can thresholds and response curves for different forest practices be developed for EM fungi? Is 

this the right question to ask when using EM fungi as an indicator? Do we have enough 

information for BC or for selected forest types in BC? 

 What sort of research would be required to develop such thresholds and response curves for EM 

fungi for the complete range of forest practice?  

 Can more be added about forest practices and EM fungi since Wiensczyk et al. 2002? 

 How to distinguish changes in EM diversity due to seasonal or annual variation from those due 

to long-term effects of a forest practice?  

 In BC forests what is the potential that reductions in EM diversity might affect forest 

productivity? 

 What new information do we have about the functions of EM fungi in forest ecosystem? 

 What about impacts of climate change on EM fungal diversity? 

 What are the priorities for future EM research? 

 

 

Summary of Oral and Poster Presentations 
 

Eleven invited researchers and three observers participated in the 2 day workshop (Appendix 3). The 

formal agenda of the workshop (Appendix 2) began on the afternoon of May 21 with a presentation on 

the revised BCERN website contents and tools and discussion of future directions as described below.  

Brief summaries of presentations were made by researchers developing thresholds and response curves 

to forest practices for other biodiversity indicator and are described below.  A facilitated discussion was 

held in afternoon May 22 and morning May 23 to develop ways in how this data could be augmented to 

facilitate use of EM fungi as indicators.and to determine if and how such response curves and 

thresholds can be developed for EM fungi in BC, thus addressing some of the needs identified in 

Theme 3 of the FIA-FSP Sustainability Research Program (Appendix 4)   A summary of those 

discussions and recommendations is given below.  The meeting adjourned noon May 23. 

 

 

MAY 21 

 

BCERN website taxonomic aids demonstration (T. Trofymow, A, Thomsons and R. Outerbridge) 

 

An online and powerpoint presentation of the revised BCERN website was presented in the 

afternoon. Features demonstrated and new data included on the website are described in Appendix 

5.   Images and photographs of EM fungi associated with the text and database descriptions are to 

be included on the BCERN website as either CDE files prepared for the Manual of Concise 

Descriptions of Ectomycorrhizae (CDNAE) or as stand alone photoprofiles (PoE).  A description of 

the requirements, template, and example of a photoprofile is attached (Appendix 6).  Further 

questions and discussion of the presentation followed in the evening. 
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Recap of issues and suggestions identified following BCERN taxonomic tools presentation 

 

• Minimum requirements for PoE submission was established: If DNA data is available complete 

anatomical information is desirable but not needed, header information is essential plus at least 

1 photograph, as well as either GenBank or DNA sequence. If DNA data is not available 

anatomical information as shown in photoprofile template;; 

• Each submitted photoprofile must be accompanied by an EDD Descriptor File (dsc file) with 

the corresponding fields filled out as in the photoprofile;  

• Can we trust IDs in GenBank?;  be aware of limitations and continuous entry updates; 

• EM researchers would like to be able to do a search for EM fungi on a given host while 

   doing molecular or ecological work; 

• Soil cores potentially less reliable for host determination; 

• There is important information coming from morphotyping which you can‟t get from molecular 

data eg. function in soil or estimating total amount of mycelium in soil;  

• Could elaborate on EM dichotomous keys, for example for Fd from the existing 13 EM species 

in Agerer to about 100 based on our collective info – consensus on  low priority; 

• Molecular researchers would like to be able to search for morphological data on EM species for 

which that have molecular info only 

• Currently, do not want to receive hundreds of EM clones submitted to EDD database 

• Proposed to add a separate column to filter out clonal data when searching 

• Should submit separate EDD files for same fungus on different hosts 

• Consensus on no geographical limitations for collection location 

• Consensus that multiple entries for same species and host from different locations 

• Locations not to be entered into EDD at this point - perhaps add a filter button so that search 

can be done excluding records that are location only data.  

• Emphasise to students, journals, and funding agency that description be submitted 

• Promote at conferences, ICOM – poster for BCERN participants to take 

• Recommendation to post a note on list of EM types on Inoculum  

• Revisions to the introductory sections of the CDNAE manual should be done when new folios 

of descriptions are published later in 2008, Mary Berbee agreed to do revision/update on the 

DNA section, Dan Durall to revise photo section to add comments on digital photography. 

 

 

MAY 22 

 

How thresholds and response curves for other biodiversity indicator species have been developed 

and used in WFP and CanFor monitoring programs (L. Kremsater)  

 

In British Columbia most research on biodiversity indicator species occurred when forest 

companies, such as McMillan Bloedel, Weyerhaeuser, Canfor, Western Forest Products, needed to 

establish some criteria to measure the success of their sustainable and ecosystem friendly 

harvesting methods, in pursuit of several forest practices certifications (eg. Forest Stewardship 

Certification). While sustainability of native species richness in the DFA became the main criterion 

for all parties involved, some debates still exist on approach to indicator choices. 

In general, 4 types of indicators can be distinguished, from coarse to fine filter: 

 

Indicator 1 (Ecosystem representation): Ecologically distinct ecosystem types are represented in the 

non-harvestable land base to maintain lesser known species and ecological functions. Example: Old 

Growth 
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Indicator 2 (Landscape pattern): Negative trends in landscape features that affect forest dwelling 

organisms are avoided. Example: Dispersed green tree retention 

Indicator 3 (Stand Structures): The amount, distribution, and heterogeneity of habitat elements 

important to sustain native species richness are maintained over time. Example: Coarse woody 

debris 

Indicator 4 (Organisms): Native forest-dwelling species are well distributed throughout their range 

in the DFA. 

 

The finest filter, indicator 4, gives the monitoring system potentially unlimited replication and the 

ultimate check if keeping unmanaged forest areas is working for long-term biodiversity 

maintenance. It is at the same time the most difficult indicator to measure, relying heavily on the 

available expertise, time, and extensive funding. Many researchers propose to monitor habitat 

instead (eg. If you can track tall shrubs, you might not have to monitor for the warbler species 

which live in them). Focusing on specific questions, such as: What is the effect of level of retention 

on relative abundance of a boreal chickadee?, helps us develop response curves and establish 

threshold levels for individual species or group of related organisms. From such analyses we know 

already that some species show negative response to landscape pattern changes, others are neutral, 

and some in fact benefit from them.  Edge effects, for example are most visible for EM fungi, 

lichens, and spiders, vascular plants show influence of patch size, and Carabid beetles vary in their 

response. The shape of response curves and the threshold levels help us identify sensitive species to 

monitor and to see which filter level is meaningful. 

 

From what we have learned about ectomycorrhizal fungi in variable retention systems, their 

response to forest age, forest edge, and tree species, are among the top factors to consider in 

proposing coarse filter monitoring strategy. Monitoring richness of EM fungi (or other organisms) 

might not be as useful as looking at abundance of individual species as it masks what is happening 

to community structure changes. 

 

Canfor developed other ways of identifying species to monitor with focus on three main attributes 

of the species accounting system: 

 

1. Groups species by habitats they need 

2. Estimate amounts and location of habitat for species, linking to indicators 1,2,3 

3. Focus more expensive effectiveness monitoring on areas of greatest uncertainty 

 

      Species were divided by habitat they need into five monitoring groups: 

 

• Group 1 – generalists, inhabit many habitat types or respond positively to forest practices; 

• Group 2 – species that can be statistically assigned to broad forest types; 

• Group 3 – species with strong dependencies to specific elements (e.g. snags or shrubs); 

• Group 4 – species restricted to specialized and highly localized habitats;  

• Group 5 – species for habitat distribution is important: and 

• Group 6 – non-forested; 

 

with the aim to asses coarse filter, focus effectiveness monitoring where most effective, and 

account for all terrestrial vertebrates (plus). 

 

Whether we let individual response curves to tell the story or put species into groups for 

monitoring, some choice of stand and landscape characteristics is required for monitoring. 
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Comparisons (as opposed to absolute numbers) are essential to see trends over time, improvement 

or degradation rates, and relative impacts of alternative forest practices. 

 

Increasing our baseline information, to serve as context for such comparisons, is the current target. 

 

 

Structural attribute monitoring in the Forest and Range Evaluation Program (N. Densmore and 

Richard Thompson) 

 

FREP (Forest Range Effectiveness Profram) was established to research the efficacy of stand level 

biodiversity monitoring. The purpose of the program was to determine if policies and practices are 

achieving government‟s objectives, to assess FRPA effectiveness, to identify implementation 

issues, and to implement continuous improvement. The FREP continuous improvement cycle 

involves the following steps: formulating the question, developing indicators, collection of data, 

analysis and recommendation, communication, and decision-making and implementation.  

 

Retention of wildlife trees was the key objective set by the government for wildlife and biodiversity 

at the stand level. The question is whether stand-level retention is providing the range of habitat 

with the structural attributes understood as necessary for maintaining the species dependent on 

wildlife trees and coarse woody debris. To that effect, FREP is not research itself but it monitors 

research and depends on it.  

 

Timber harvest licencees are required to report on variable retention populations based on 

monitoring of randomly sampled blocks.  Once the “population” is defined (eg. cutblocks ≥ 2ha), a 

list of the population is obtained from RESULTS and cutblocks are randomly picked from the list. 

Timber surveying and vegetation inventory methodologies are applied to search for easily 

measurable indicators. Plot cards are filled out for to obtain information on: abundance (% 

retention), patch size and location, ecological anchors, tree species, large snags, large trees etc. 

Other important SLBD indicators include CWD volume, CWD long pieces, windthrow, and 

invasive species. All raw data for SLBD are available online under FREP IMS (Information 

Management System). Baseline information is being continuously improved. 

 

The idea is to look for „high value comparisons‟, for example abundance of an indicator in VR vs. 

in a clear-cut, then to create a graph comparing VR with baseline. 

 

With respect to EM fungi, it would be informative to have a list of those species very specific for 

presence of CWD, such as Boletus mirabilis. Other possibilities include nesting stand level within 

landscape level, and looking for specific species in a habitat level to check if they are in fact 

maintained. While patch size might turn out to be critical for EM fungi, retention type would vary 

depending on the surrounding landscape level features (eg. since there is more Old Growth in the 

north, small patches of OG in that region would not be as important as in the southern region). 

 

 

Variable retention and EM fungi in Douglas-fir forests (R.Outerbridge, J.A..Trofymow) 

 

The basic assumption of variable retention (VR) is that the patches of retained forest or individual 

trees serve as refuge for the organisms that depend on the presence of older trees or forest and help 

them re-establish in the surrounding cutover area as it re-grows.  

 



 9 

A joint research project was developed between CFS and Weyerhaeuser (now Western Forest 

Products) which involved four studies on ectomycorrhizae and forest practices with focus on VR. 

 

In 2000 – 2002 a pilot study was launched which investigated effects of distance from forest patch 

on EM diversity in group retention. The results were promising for the use of EM fungi as an 

indicator sensitive to the effectiveness of VR practices. The study was repeated in 2002-2004 with 

the improved experimental design. The results, not unlike those of the pilot study, indicated 

consistent decline in EM fungal diversity (measured as % colonization and richness) with distance 

from the forest patch edge. Additionally, where the original stand was old-growth, % root 

colonization was greater in both studies, and richness was greater in the pilot study.  

 

In 2004-2006 the project was extended to compare EM fungi in sites with increasing levels of green 

tree retention (0%, 5%, 10%, and 30%).  With inherent site differences accounted for and the two 

most ubiquitous EM species removed (Cenococcum and Rhizopogon favoured disturbance), the 

results showed decrease of both EM richness and % colonization with the distance from the forest 

edge and at the same time an increase of EM richness with the level of retention. Proximity to host, 

i.e. single retained trees, was a significant source of variance for both EM richness and % 

colonization. 

 

In the final study (2006-2008), forest chronosequence sites were used to estimate timing of EM 

recolonization into small-size clearcuts. Examination of four forest age transitions showed EM 

diversity within 30-60 years from harvest with prompt replanting. Detailed examination of species 

distribution patterns and abundance comparisons revealed a significant change in community 

structure, with many species either suppressed or replaced by new arrivals. 

 

Huge evidence exists of benefits trees derive from ectomycorrhizae, based  on short term 

experiments. Little is known about their importance in forest growth and health in the long-term. 

EM fungi are an essential component of forest ecosystem food chain as well as a source of 

commertially important mushrooms. For these reasons we should use EM fungi as biodiversity 

indicators. Our studies to date proved EM fungi to be sensitive to forest practices at the landscape 

level, with response curves obtained for distance from forest edge, level of VR, and forest age. 

Target levels could be established based on the data but in terms of operational forestry only (no 

functional thresholds were investigated).  

 

Future research should answer questions such as: What does species replacement mean for the 

ecosystem?, What are functional groups of EM fungi? Should we ignore certain ubiquitous species 

in silvicultural effects analyses? Is a “field card” for EM fungi possible in operational forestry? 

 

 

Forest and Range Evaluation Program soil monitoring. (S. Berch et al.) 

 

The objective set by government for soils is, without unduly reducing the supply of timber from 

British Columbia's forests, to conserve the productivity and the hydrologic function of soils.  

Achieving stewardship of the eleven resource values as identified under FRPA could be 

accomplished by: 

   

• Evaluating the status or trends of resource and ecosystem values and determining causal factors;  

• Determining whether resource values are being managed in a sustainable manner through 

proven or alternative forest practices;  
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• Recommending options for changes to forest and range policies, practices and legislation, 

where required. 

 

Several challenges have been identified, such as: short term monitoring of long term issues, limited 

capabilities of stewardship generalists (Biodiversity, Cultural Heritage, Fish/ Riparian, Forage and 

Associated Plant Communities, Recreation, Resource Features, Soils, Timber, Visual Quality, 

Water, Wildlife). Furthermore, indicators must be measurable and realistic, reflect the status of a 

soil conservation feature that is desired, and have scientific evidence to support their use. In many 

cases, the use of proxy indicators would be recommended or is the only realistic approach, e.g. for 

soil biodiversity – assess structural attributes (forest floor, dead wood, living trees). 

 

With these issues in mind, several indicators (or indicator proxies) could be proposed: 

 

1. Lost productivity due to access construction 

2. Landslides, erosion, and drainage diversion 

3. Dispersed soil disturbance in the net area to be reforested 

4. Green tree retention 

5. Organic matter retention (dead wood) 

 

Some of these features can or cannot be surveyed depending on timing of monitoring. Incorporation 

of air photos of sites could be used (supplemented by field work for a subset of the air photo data to 

test reliability). Some features could not be measured with this technique, eg. soil compaction. 

Whichever the method, the focus is on developing thresholds for long-term sustainability. 

 

 

Rhizopogon vinicolor and vesiculosus: their relationship to canopy closure and their potential to 

form mycorrhizal networks in Douglas-fir forests. (D. Durall)  

 

Rhizopogon vinicolor and Rhizopogon vesiculosus are very similar, both form tubercles and are 

specific to Douglas-fir, which is why they were „lumped‟ into one species in the past. There might 

be a relation between Rhizopogon occurrence and forest canopy closure. Forest stands of different 

ages were compared. The highest level of Rhizopogon was found in the youngest forests (5 year-

old), then decreased (27 year-old), but still persisted at the reduced level in a 100 year-old forest.  

Rhizopogon is considered a multi stage fungus. It has been speculated that their presence might 

affect the ability of other species to grow, for example Russulas, which show the opposite 

distribution pattern (low initially, highest in older forests).  

 

It has been determined, using molecular techniques that sometimes Rhizopogon tubercles are made 

up of tips from different trees. The analyses of fungal genets also showed different models of 

fungal networking between trees. Some „hubs‟ of connections are big, some are small, with regular 

or random connection patterns, overall resembling a busy airport flight linkages. The question 

arises if taking one or two species out will disrupt the whole system or not? 

 

There was a positive correlation between tree size but not age with respect to Rhizopogon 

abundance. Each Douglas-fir tree was colonized by 0-3 Rhizopogon genets. Rhizopogon 

vesiculosus has potentially higher vertical distribution than Rhizopogon vinicolor. These species are 

ubiquitous in clearcuts for a reason, they can withstand the conditions that arise after stand 

harvesting. It would be expensive to survey for Rhizopogon fruiting bodies, much more feasible to 

look for tubercles. Even better would be simply surveying for Douglas-fir trees. Rhizopogon seems 
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always present in this habitat. However, should we be including Rhizopogon in the to ten 

ectomycorrhizal indicator species? 

 

 

Ectomycorrhizal indicators of site quality in subboreal spruce forests (M. Kranabetter)  

 

When studing ectomycorrhizal fungi as potential bioindicators we have to consider temporal and 

spatial issues. Surveying for mushrooms  (as opposed to EM morhotyping) can be a powerful tool 

while studying consequences of land management on site quality and the biotic community. 

Researchers should always find out about the inherent site differences before investigating 

management effects. Nothing in nature is static, thus we need to monitor ecosystems over time not 

just immediate effects of a forest practice, to have an idea of migration, long term changes etc. 

(especially now, that organisms seem to be moving north with the climate change). 

 

Site quality‟ is a result of soil moisture availability and geochemistry. Slope position, soil texture, 

and rock content dictate soil N supply. We can use N supply as a site quality measure. On this basis 

we can distinguish poor pine sites vs. medium spruce sites, vs. rich oakfern spruce sites, vs. very 

rich spruce – Devil‟s club sites. There are strong fungal community associations with soils, 

especially N availability and differences in mineral soil. In natural areas, most species do just fine 

in N rich soils, but there are some variations. Amphinema, for example, loves nitrogen, while 

Cenococcum has a dome shaped curve response.  

 

In one study no non-mycorrhizal roots were found in an 180 year-old forest with up to 50 year-old 

repressed trees in the understory. Results of another study suggest twelve Cortinarius species might 

be good indicators of old-growth forest. Mushrooms would be ideal because they are inexpensive, 

fast, cover more area and can be undertaken by the general public. Disadvantage is the reliance on 

immature or older forests.  

 

No decline of ectomycorrhizal fungi was associated with reduced nitrogen. Instead, groupings 

emerged with potential site indicators best defined by oligotrophic, mesotrophic and eutrophic 

conditions (approximately 30 out of 175 species). Some overlap was seen of species from rich to 

poor sites as well as extreme distribution patterns. Analysis of the ratio of specialists to generalists 

show reduced rare species and reduced level of late seral species.  

 

Sometimes mushrooms can be of more use than mycorrhizae as indicators, as they offer additional 

benefits to forest ecosystem and the humans, but differences in site quality must be taken into 

account while studying different forest age groups. Other recommendations for future 

ectomycorrhizal studies would include looking at the effects of forest patch size as well as looking 

at the big picture – potential homogenization of the environment over, let‟s say, 500 years. If 

certain species recovery does not happen until around 80-100 years, it can create a problem in a 

system with repeated short-term rotations. 

 

 

Conservation and management of ectomycorrhizal fungi. (D. Luoma) 

 

Same issues were raised at a conference in Sweden. What are the appropriate metrics of EM 

diversity to use eg. % root colonization [abundance], EM richness, presence of specific genera or 

species [indicators]? How much of a practice is enough to maintain the inherent EM diversity on a 
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site (response curve)? Below what level of EM diversity is forest productivity and ecosystem health 

affected?(threshold)? A desirable aim is to maintain the old growth. 

 

Arcangeliella camphorate, an ectomycorrhizal species related to Lactarius and forming truffle-like 

fruiting bodies, is listed for special management under the Northwest Forest Plan to help assure  

persistence. It disappers in clear-cuts, probably due to no carbon flow.  Another candidate for 

biodiversity indicator is Matsutake mushroom. Recent studies show researchers can successfully 

„measure‟ the abundance of this fungus based on detection by smelling soil samples.  

 

In a recent study based on soil core EM morphotypes, the  sites with 40% dispersed retention did 

not differ from the uncut Douglas-fir areas for EM richness. Sporocarp survey, however, produced 

different response curves: much lower fruiting in 40% retention and even lower in 15% retention.  

In another study a remarkable correlation was found between needle retention of 25 year-old 

Douglas-fir trees affected by Swiss needle cast (an Ascomycete pathogen) and the mean EM 

species richness/ soil core sampled next to the trees. 

 

Future research should recognize that no organisms exist in vacuum, there are important ecosystem 

linkages that should continue bringing to light. There is also growing interest in EM fungal 

diversity around the so called „vet trees‟. 

   

 

Fungi as indicators: opportunities and challenges from a northern landscape perspective (H. 

Massicotte) 

 

More studies are needed on both morphological and ecological EM diversity. A number of 

mycorrhiza categories are poorly understood from a cellular standpoint: monotropoid, 

arbutoid/pyroloid, liverwort “mycorrhiza”. Examples of ecological diversity studies undertaken 

include Mountain Pine Beetle and fire disturbance impacts on resilience of mycorrhizal systems, 

studies of mycorrhizal systems of blue-listed whitebark pine and elevation (and latitude) impacts on 

mycorrhizal systems. 

 

In monotropoid systems plants are mycoheterotrophic and supported by autotrophic neighbors 

using a select group of fungi as conduits. Various biological questions were explored for 

Monotropa, Pterospora, Pityopus, and most recently Allotropa and Pleuricospora, all of which 

might be used as indicators of ecosystem integrity. In arbutoid/pyroloid systems, plants such as 

widely distributed Pyrola, Orthilia, Moneses, Chimaphila• (family Ericaceae) may be gaining a 

portion of their carbon via fungal bridges to autotrophic hosts (mixotrophic) A large group of fungi 

may be involved (same ECM fungi as ECM hosts? Reservoir of propagules?)  

 

Assessment of fire and MPB disturbance on lodgepole pine regeneration and ECM diversity 

showed that site hydrology was more differentiating than diease or fire on ability of seedlings 

(planted immediately after the fire) to become EM colonized.  

 

In some regions, sporocarp records are fragmentary or non-existent (central to North BC), thus 

designing check lists of species is problematic. Another huge challenge is the variation between 

habitats and seral stages. The big questions is how can fungal presence/absence be used as 

thresholds when the fungi are not known? Furthermore, we have to determine what is the best way 

to survey (root-based, core-based, sporocarp-based), and whether we should consider arbuscular, 

arbutoid, lichenized, saprotrophic, pathogenic, or rare fungi. We still don‟t know what is the 
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functional significance of all that diversity or if there more resilience associated with this diversity 

(Tilman argument)? Which approach should we chose for EM indicators: habitats (coarse filter) or 

taxa (fine filter)? There is good biological knowledge for some genera (Cairney & Chambers, 

1999), should the target be at the genus level. Is there a benefit in designing a study that would 

assess the alpha diversity in a specific habitat?  Is it feasible? Rare is a relative concept (new book 

by Molina et al., 2008). Perhaps a list of plant hosts could be used as a proxy? 

 

 

POSTER - Diversity of habitat specificity of ectomycorrhizal fungi from different aged forest 

stands of western hemlock on northern Vancouver Island, B.C.  SeaRa Lim, Shannon Wright, 

and Mary Berbee  

 

Study Results 

1. Fungal diversity was uniformly high on regenerating CH sites (18 year old trees), regardless of 

fertilization regimes. 

2. Some Cortinarius species were associated with old growth, but not with regeneration stands and 

vice versa. Species were either associated with one or the other but not with both. 

3. Whether diversity in mature forest is higher than in regeneration is still under analysis. 

 

POSTER- Can DNA Barcoding Cortinarius Help Identify Mycorrhizal Roots? Emma Harrower, 

SeaRa Lim, Paul Kroeger, and Mary L. Berbee.  

 

The utility of using DNA barcoding to identify mycorrhizal root tips from environmental 

samples is being emphasized. The poster shows a preliminary phylogenetic tree based on a 

number of BC Cortinarius ITS sequences in GenBank and numerous herbarium collections. 

Some groups such as C. traganus and C. armillatus appeared to have enough sequence data to 

be correctly differentiated but other groups such as the Dermocybes (C. phoenicus, C. 

semisanguineus, C. cinnamoneus) did not appear to have enough variability to correctly 

differentiate between species.  Other gene regions such as RPB1 and RPB2 may be needed to 

correctly identify species in these groups. 

 

Adam Cappuccino, for his summer project, is going to use cloning to PCR the ITS sequence of 

Cortinarius mycorrhizal root tips from well sampled areas such as Mt. Elphinstone and 

compare the sequences to the fruiting body sequences Emma Harrower has, to see how 

complete or incomplete their Cortinarius collections are. 

 

 

Group Discussions 
 

MAY 22 AFTERNOON  

 

 Forest health was the first topic discussed during the session. The general consensus is that 

depleted ectomycorrhizal flora may have negative impact on forest ecosystem. Therefore the 

need for monitoring is valid and valuable. But the methods for surveying, sporocarps vs. root 

tips, habitat as proxy (which might only work for root tips) etc., are still being decided upon. 

 

 There was unanimous conclusion that we do not have enough baseline information, which 

makes the target for monitoring difficult to decide upon. 

 



 14 

 It seems logical that a successful monitoring study would answer the question: Do we have a 

natural suite of fungi represented on this site subject to such and such treatment? The problem is 

we first have to compile information as to what‟s normal on a given site or what is the range of 

normality, given natural variation of environmental factors. 

 

 All agreed that the ultimate goal is maintaining the range of a viable population of EM species 

in a landscape over multiple rotations. It is important to have representation of:  

o host species 

o host age 

o site index/productivity 

o edge habitat 

 

 There is a need to develop a fungal specialist list and then to establish the ratio of specialist to 

generalist species or genera. 

 

 A major part of the discussion revolved around the issue of what is possible to accomplish 

within the constraints of timeframe, funding, methods, and expertise required. From a routine 

point of view, some participants said, we can‟t be doing monitoring of root tips or even 

sporocarps. We have to pick classic forest ecosystem types, perhaps as in biogeoclimatic zones 

classification, and come up with fungal species representative for these ecosystems, with some 

fine tuning of indicators zonally and within VR systems. Others researchers maintained that, for 

monitoring purposes, the sporocarp surveys are quite realistic. However, we might have to 

consider both hypogeous and epigeous fruitimg bodies as their response to disturbance has been 

observed to differ  (eg. after a natural fire – hypogeous sporocarps go up, epigeous sporocarps 

go down). It is important to deposit vouchers in a herbarium. 

 

 Other ideas were to use the multiplication factor – estimating richness or abundance of area 

based on a sub-sample, and looking into preserving EM fungi which are unique to extremely 

stressful environments (areas subject to droughts, floods, frequent fires, disease outbreaks, 

extreme temperatures etc.), thus are crucial for maintaining the legacy of ectomycorrhizal 

resilience to various environmental adversities. 

 

 We could start by proposing top 10 indicators per select BEC zone and site series. Although 

there are fewer monocultures nowadays, more pressure is still needed to diversify plantations. 

 

 Molecular chip arrays are being developed to use in a soil sample “soup” to detect presence of 

one or more fungal species.  

 

 Berch et al. are planning work on developing a list of species from herbaria and expert 

knowledge, brief descriptions and a dichotomous key to the macrofungi of BC (analogous to the 

lichens of BC publication).  We also need a consolidated list of BC EM fungi successfully 

identified in GenBank.  Outerbridge suggested elaborating the existing dichotomous key for 

EM morphotypes on Douglas-fir to include data from extensive work in BC. 

 

 The final thoughts are that, notwithstanding all the constraints of monitoring for indicators, 

research-wise, nothing should stop us from studying both EM morphotypes and sporocarps. 

One thing is certain, we can‟t address basic management issues without basic fungal ecological 

knowledge. 
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MAY 23 MORNING 

 

 We need to apply „Effectiveness Evaluation Monitoring‟ (could be a research project) – a 

process to verify proxies for indicators have meaning. There are many different response curves 

(to, for example, forest practice or forest age) for different EM species: exponential, sinusoidal, 

bell shaped, flat lines, delayed exponential with a plateau etc. We should try to group the 

species by the response curves to understand the big picture better. 

 

 We have to focus on monitoring species and habitats at risk. It would be desirable to have 12 

indicators for old growth forest. We need to research spatial patterns of age classes, and the 

amount, size and species of dead wood. We should include forest floor and host species 

diversity in studies on the effects of variable retention. The role of “vet trees” is discussed 

again.  

 

 There are some risks of making recommendations based on extrapolation of knowledge. 

Always stress the results and conclusions are based on a small area, if it‟s the case. This is not 

to say that we couldn‟t develop a reliable model to be able to predict abundances based on a 

sub-sample, to save some monitoring costs. 

 

 The group agrees there is definite risk to ectomycorrhizal fungi with short term rotation 

forestry. Even the concept of old growth varies with biogeoclimatic zone from 100-150 year-old 

trees for some interior species to 250 plus for coastal species. We have to re-examine all the 

literature on EM diversity from areas extensively harvested (subject to several short term 

rotations), such as eastern US or Europe.  

 

 Effectiveness monitoring could occur on new long-term silvicultural systems research trials 

and/or on existing ones such as: Sicamous Creek, Date Creek, Opax, Aleza Lake, Lucille Mnt., 

Robersts Creek, Boston Bar, Cariboo etc. 

 

 There are strengths and weaknesses of each method for determining ectomycorrhizal diversity. 

Sporocarp monitoring is not as effective in young regeneration stands, due to their ephemeral 

nature, or in a poor mushroom season, but we do have a good sense of late seral species, e.g. 

Matsutake, which is valuable for monitoring whether late seral features are being maintained. 

Other reliable, easily found species should be chosen, which fruit at a specific time. There is 

potential for missing certain resupinate species eg. Tomentella (work to date suggests high 

abundance and diversity of this genus in the Pacific Northwest). This is where morphotyping or 

molecular techniques would be invaluable, though it seems that you can never sample enough 

morphotypes. Berbee endorsed molecular cloning as a way of picking out dominant species and 

estimates of richness from a soil core. This method is apparently reliable, cost-wise similar to 

morphotyping, though provides no identification information. An interesting study would be to 

directly compare these two methods. We might be able to work out total environmental 

genomes, and have a very good estimate of total population with several taxonomic methods 

applied. 

 

 The unfortunate reality is that researchers have little direct influence on forest practices, 

policies, creation of park reserves etc. We need to work on better integration of research and 

management. 
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Conclusions and Research Recommendations 
 

Recurrent ideas and themes from the workshop included: 

 

 the importance of ectomycorrhizae as indicators of forest ecosystem integrity; 

 

 the value of developing and updating on-line taxonomic tools; 

 

 the need for more background information on EM species response curves and thresholds; 

 

 the necessity to use coarse/medium filters as indicator proxies for monitoring ectomycorrhizal 

taxa; 

 

 the unique usefulness of the different taxonomic methods, despite some weaknesses; 

 

 the need to revise and organize all the available information on ectomycorrhizal responses to 

environmental disturbance, especially short term rotation harvesting; 

 

 the importance of protecting specific habitats or landscapes, eg. old growth forests; 

 

 Threshold levels from species response curves should not be confused with threshold levels for 

the environment. It was proposed to refer to the latter as „target” level, signifying a critical point 

for the forest ecosystem should an indicator decline. 

 

Future research recommendations: 

 

 consolidate research information to produce verifiable lists of BC ectomycorrhizal fungi 

(epigeous and hypogeous macrofungal sporocarps, as well as identified morphotypes) and their 

hosts;  the extension of this research could include producing dichotomous keys; 

 

 develop studies to be able to group EM fungi by ecosystem or habitat types in BC; establish  

baseline representations (What is normal for this ecological area, for this forest, soil type etc.?) 

 

 evaluate effectiveness of using coarse filters (such as stand host species,  forest age, or % 

retention) and medium filters (woody debris) by monitoring for  specific ectomycorrhizal 

species or groups on selected research installations; 

 

 directly compare the different available methods (morphotyping, vs, sporocarp survey, vs. 

molecular cloning) to measure species diversity of the same sample area; the extension of this 

research could include a trial of diversity measurement of a larger area based on a sub-sample 

from a small area; 

 

 continue research on ectomycorrhizal fungi in old growth forest, study diversity associated with 

the so called „vet trees‟, produce a list of top 10 or 12 reliable old growth EM indicators; 
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Appendix 1 

 

Key to abbreviations and glossary: 

EM -  Ectomycorrhiza 

FIA – BC Forest Investment Account 

FSP -  FIA Forest Science Program 

FRPA – Forest and Range Practices Act  

BCERN -  BC Ectomycorrhizal Research Network 

EDD -  Ectomycorrrhizal Database and Descriptions ( part of the BCERN web site) 

PoE -  Photoprofiles of Ectomycorrhizae (part of the BCERN web site) 

CDNAE – Manual of Concise Descriptions of North American Ectomycorrhizae (also on BCERN 

website 

CDE -  Concise Descriptions of Ectomycorrhizae (published in CDANE) 

MMPNW – Matchmaker for Mushrooms of the Pacific Northwest (on BCERN website) 

 

Indicator – an organism or environmental feature, of which the presence/absence, or also quality or 

amount, is used to monitor changes in the environment (here BC forests) caused by forest human or 

natural disturbances (here mainly forest harvesting practices). 

Coarse filter – larger scale elements of the environment such as those at landscape, habitat, or stand 

level, used as “proxy indicators” in place of fine filter indicators 

Fine filter – small scale indicators eg. taxa of organisms (here groups, genera or species of 

ectomycorrhizal fungi) 

Threshold – critical point (sudden decline) on the response curve of an indicator 

Target – that amount or quality of an indicator which is critical for the environment, below which forest 

ecosystem as a whole or any parts of it would measurably suffer and have consequences for 

biodiversity or economy. Example: Decline in species X to 25% of its natural population in a given 

area would cause drastic changes in forest environment or threaten survival of another organism.  
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Appendix 2 

 

Workshop Agenda 
 

 

May 21 

 

 Travel to and arrival at Cowichan Lake Experiment Research Station 

 

AFTERNOON – Plan on a 3:00pm arrival 

 3:30 - Welcome  

 Workshop theme and objectives 

 Demonstration of revised BCERN web site taxonomic tools,  

 - Overview, Ectomycorrhizae Descriptions Database, EM descriptor files preparation 

 - Matchmaker for Mushrooms of the Pacific Northwest 

 - Catalog of Photoprofiles, preparation of Photoprofiles,  

 - Manual of Concise Descriptions of NA Ectomycorrhizae planned and needed updates 

 Presentation of other methods and demonstrations 

 

BREAK 5:30pm 

 

DINNER – 6:00 – 7:00 pm 

 Follow-up discussion, improvement to taxonomic tools, beyond just taxonomic tools, existing data in taxonomic 

tools that could address theme and objectives, other geographic and affinity data to synthesize,  

 

May 22 

 

BREAKFAST – 7:00 – 8:00am 

MORNING - 8:30am 

 Introductions -  Workshop theme, objectives and roadmap 

 Highlights and recap of issues identified during previous days BCERN website taxonomic aids demonstration 

(Trofymow). 

 

Overview presentations on general indicator monitoring and key issues to be identified on workshop theme and 

objectives (25 + 5 minutes) 

 

 8:50 - How thresholds and response curves for other biodiversity indicator species have been developed and used 

in WFP and CanFor monitoring programs (Kremsater)  

 

 9:20 - Structural attribute monitoring in the Forest and Range Evaluation Program (Densmore) 

 

COFFEE – 10:00 

Brief presentations by participants on current EM fungi research activities, findings and key issues to be identified on 

workshop theme and objectives (10 + 5 minutes) 

 

 10:15 - Variable retention and EM fungi in Douglas-fir forests (Outerbridge & Trofymow) 

 10:30 - Forest and Range Evaluation Program soil monitoring. (Berch) 

 10:45 - Rhizopogon vinicolor and vesiculosus: their relationship to canopy closure and their potential to form 

mycorrhizal networks in Douglas-fir forests. (Durall)  

 11:00 - Ectomycorrhizal indicators of site quality in subboreal spruce forests (Kranabetter)  

 11:15 - Conservation and management of ectomycorrhizal fungi. (Luoma) 

 11:30 - Fungi as indicators: opportunities and challenges from a northern landscape perspective (Massicotte) 

 

LUNCH – 12:00 – 1:00 
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AFTERNOON – 1:15 pm 

Issue identification and development of objectives and outline for the workshop paper. 

 

 EM fungi as a biodiversity indicator of forest productivity and ecosystem health 

 Monitoring systems for EM fungi 

 Response curves for EM fungi to various forest practices 

 Thresholds for EM fungi needed to maintain forest productivity and ecosystem health 

 

COFFEE - 3:00pm 

 Natural range of variability of EM fungi and associated stand structure attributes. 

 Identify the range of ecosystem type and landscape level attributes and how they should be spatially distributed to 

maintain EM fungi  

 

BREAK – 5:30pm 

 

DINNER – 6:00 – 7:00 am 

 Discussion 

 

 

May 23 

 

BREAKFAST 7:00 – 8:00am 

 

MORNING – 8:30am 

 Synthesis and reiteration of previous days discussion 

 Finalize outline of paper (for JEM?) 

 

COFFEE - 10:00 

 Next steps 

 

LUNCH – 12:00 – 1:00 

 Early departure for those travelling  

 

AFTERNOON - 1:15 

 Wrap-up draft outline of paper 

 Pack-up conference room 

 

DEPARTURE – 2:30pm 
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Canadian Forest Service, 
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Victoria BC. V8Z1M5 
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Research Branch 

BC Ministry of Forests, Victoria 

Shannon.Berch@gov.bc.ca 

 

Marty Kranabetter 

Research Branch 

BC Ministry of Forests, Smithers 

Marty.Kranabetter@gov.bc.ca 

 

Dan Durall 

Barber Arts & Science 

University of British Columbia, Okanagan 

Kelowna, BC V1V1V7 

daniel.durall@ubc.ca 

 

Hugues Massicotte 

College of Science and Management 

University of Northern British Columbia 

3333 University Way 

Prince George, B.C.V2N 4Z9 

hugues@unbc.ca 

 

Mary L. Berbee 

Biological Sciences 

University of British Columbia 

Vancouver, BC V6T1Z4 

berbee@interchange.ubc.ca 

 

 

 

 

 

 

 

 

Dan Luoma 

Forest Science 

Oregon State University 

321 Richardson Hall 

Corvallis, OR 97331-5752 

luomad@fsl.orst.edu 

 

Laurie Kremsater  (Day 2) 

Centre for Applied Conservation Biology 

University of British Columbia 

Vancouver, BC V6T1Z4 

lkrem@shaw.ca 

 

Alan Thomson (Day 1) 

Canadian Forest Service,  

506 Burnside Rd. W.  

Victoria BC. V8Z1M5 

athomson@nrcan.gc.ca 

 

Nancy Densmore (Day 2) 

Integrated Resource Section 

BC Ministry of Forests, Victoria 

nancy.densmore@gov.bc.ca 

 

 

Observers 

Adam Cappuccino – student (Berbee) 

Emma Harrower -  student (Berbee)  

Linda Tackaberry- (Massicotte) 

 

 

Invited but unable to attend 

Melanie Jones  - UBC-Okanagan 

Melanie.Jones@ubc.ca 

 

Keith Egger - UNBC 

egger@unbc.ca 

 

Bill Chapman - BCMOFR 

Bill.Chapman@gov.bc.ca 

 

Suzanne Simard -  UBC 

suzanne.simard@ubc.ca 
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Appendix 4 

 

FIA Sustainability Program Research Strategy 2006-2016 
 

3.0 Indicators, thresholds, and monitoring systems 

3.1 Development of indicators and monitoring systems 

 

a Indicators and monitoring systems are needed for each of the 11 FRPA values (i.e., soils, visual 

quality, timber, forage and associated plant communities, water, fish, wildlife, biodiversity, recreation 

resources, resource features, cultural heritage values). The following is a non-restrictive list of 

examples: riparian function, watershed function, ecological representation, habitat quality, and range 

health (upland and riparian). 

 

b What aquatic species (benthic invertebrates, algae, fish, etc.) can be used as indicators of watershed 

health? 

 

c Developing and evaluating uses of remote sensing, information systems, and innovative technology 

to assess landscape- and stand-level characteristics 

 

 

3.2 Indicator thresholds of sustainability 

 

a Defining the response curves for biodiversity indicators to assist in identifying thresholds for 

maintaining ecological resilience 

 

b Determining the likely range of natural variability (biological and biophysical) of coarse- through 

fine-filter indicators to aid in the determination of management thresholds 

 

c Defining criteria suitable for assessing the ecological representation, landscape, and site attributes 

needed to maintain wildlife and biodiversity, and how best to allocate them across the landscape? 

 

d Assessing potential indicator targets and management thresholds for sensitive species and ecological 

communities, especially those species and communities designated under the Forest and Range 

Practices Act and regulations as: “at risk”, “regionally significant”, or “specified ungulates”. (Also see 

2.2 - Population viability and spatially explicit population models, and 4.1 – Species-at-risk recovery 

research.) 

 

e Clarifying and (or) refining thresholds for indicators of change in watershed functioning (e.g., road 

density, equivalent clear-cut area) 
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Appendix 5 

 

Report on Revision to BCERN website and content 
 

Trofymow, J.A., A. Thomson, R. Outerbridge, and D. Durall. 2008. New taxonomic tools and content 

for identification of ectomycorrhizal fungi in BC.  Technical Report from BCFSP project: Y092173. 

submitted to BC Ministry of Forests Library, Victoria, April 2009. 

 
 


