
Y082314: Determining stand level structures in dry Douglas-fir forests that 

maintain appropriate levels of ectomycorrhizal genetic diversity to facilitate 

Douglas-fir regeneration 

 

 

Annual Progress Information 

In general, this project is yielding informative results and progressing as planned.  All 

2007/2008 activities were completed as planned, including (1) field work, (2) DNA 

extraction and processing, (3) fragment analysis, (4) data analysis, (5) presentation of 

results at an international conference, and (6) manuscript preparations.  The budget was 

spent as planned. 

 

Project Objectives and FIA-FSP Theme, Topic and Priority (Max. 3000 characters 

including spaces) 

In 2006 we gathered information to determine the genetic and spatial structure of 

mycorrhizal networks formed between P. menziesii var. glauca trees and Rhizopogon 

spp. ectomycorrhizal fungi in the field at scales ranging from millimeters to tens of 

meters (objectives 1-2). In 2007 we continued to build upon this data to contrast networks 

between dry and moist soil moisture regimes (objective 3).  Molecular processing and 

analysis has been completed for data pertaining to objective 1 and is progressing as 

scheduled for data gathered for objectives 2-3.  The results of these analyses will 

determine how the spatial distribution of mycorrhizal networks affects natural 

regeneration patterns in the IDFdk subzone of southern interior British Columbia, and 



will help establish green-tree retention patch and gap size targets that maintain stand-

level productivity and ectomycorrhizal fungal biodiversity.   A manuscript describing 

results from data collected in 2006 (objective 1) is currently being revised for submission 

to the international refereed journal New Phytologist. This data was also presented at the 

Mycological Society of America international conference in Baton Rouge, LA.  In 

2008/2009, we will complete analysis of data collected in 2007 and begin a field 

experiment to determine if mycorrhizal networks contribute to kinship selection through 

differential growth of seedlings growing adjacent to mature interior Douglas-fir trees.

 

07/08 Deliverables to RIMS/RMF Library: 

• Complete analysis of objective 1 data12/2007 -YES 

• Progress on objective 1 will be conveyed by PhD student Kevin Beiler in a 

progress report and during a committee meeting to committee members Simard, 

Durall, LeMay and Aitken.- YES  

• Manuscript from objective 1 results 1/2008 Submitted -YES (draft manuscript);  

• Presentation at international conference – YES  

 

 

Executive Summary: 

FIA-FSP project number and title: 

#Y093314:  Determining stand level structures in dry Douglas-fir forests that maintain 

appropriate levels of ectomycorrhizal genetic diversity to facilitate Douglas-fir 

regeneration



 

Project purpose and management implications: 

We are characterizing the spatial extent, structure, and genetics of common mycorrhizal 

networks linking overstory Douglas-fir trees with understory cohorts in mature forests in 

the IDF zone. This will help in green tree retention patch design. 

 

 

Project start date, length of project, and any former project numbers or funding 

sources that apply: 

2006 April 01 

L077033  The Opax Mountain LTRI- This project is adjacent to Opax Mtn.  

Y071262  Effects of partial retention and common mycorrhizal networks on seedling 

recruitment in Douglas-fir forests across British Columbia  

Y073064  Ectomycorrhizae and networks: their role in facilitating Douglas-fir 

regeneration under water, site and climatic stresses 

Y082314 provides critical information confirming links between Fdi that Y073064 is 

based on.  

 

 

Methodology overview: 

Objective 1:  Associations between Rhizopogon spp. ectomycorrhizal fungi and Douglas-

fir trees were described and classified as a mycorrhizal network (MN) from the 

phytological perspective.  Rhizopogon spp. tuberculate ectomycorrhizas were sampled 



from every tree within a 30 x 30m plot of mixed-age interior Douglas-fir in the IDFdk.  

The locations of all trees and tubercule samples were plotted in ArcGIS® (Version 9.1) 

from which root lengths and fungal genet diameters were measured. The aboveground 

height, diameter, and spatial locations of Douglas-fir trees were illustrated using stand 

visualization software.  Needles and/or cambium tissue from each Douglas-fir tree in the 

plot were collected and stored as reference material for root genotype delineations. 

 

Objective 2: The spatial continuity and contiguity of individual Rhizopogon spp. genets 

were investigated in six plots selected randomly in the vicinity of sites used for objectives 

1 & 3. Sampling involved the systematic excavation of 10 x 10 x 20cm contiguous soil 

blocks in a lattice design, with the forest floor and mineral soil from each sample block 

characterized separately. The lattice extended from the starting point to track evident 

fungal mycelia, rhizomorphs, and Douglas-fir roots colonized by Rhizopogon spp. Each 

sample block was classified based on the depth, number of tubercules, and rank density 

of extraradical fungal material (i.e. absent, scarce, diffuse, or dense).   

 

Objectives 3 & 4: The structure of mycorrhizal networks between Rhizopogon spp. and 

Douglas-fir trees will be compared between two soil moisture regimes.  Sample 

collection for cross-site comparisons of MN structure proceeded as described for 

objective 1 from five additional sites in the IDFdk. In short, three 20m x 20m site 

replicates of subxeric (upper slope position) or permesic (lower slope) soil moisture 

regimes were sampled. Vegetation cover type and abundance were used to characterize 

soil moisture regimes and site-series and confirmed using a soil moisture probe. Two or 



more ECM samples were collected from 4 sides of every tree within the plots and frozen 

for molecular analysis. 

 

Objective 5: A 2x2 factorial design will be used to test if CMNs facilitate the 

establishment and growth of Douglas-fir seedlings below mature trees via kinship 

selection. Four treatments, including seeds that are related or unrelated to the parent tree, 

and linked or unlinked to the parent tree through a CMN, will be applied to 30 mature 

trees (with 2 subsamples per tree) in the IDF biogeoclimatic zone. Mesh bags that 

exclude fungal hyphae but allow the passage of air and water (1 micron) will be used as 

the no-CMN (unlinked) treatment for both kin and non-kin seedlings. Seed cones will be 

collected (=100 seeds per tree) in the fall from mature trees with isolated root systems. 

Seeds will be planted in the spring of 2009 and seedlings will be removed in the fall of 

2010 to measure root and shoot biomass, root to shoot ratio, root architecture, height, 

diameter, foliar nutrients, and wood 13C.  

 

Molecular processing: Both tree and fungal DNA is being extracted using Qiagen 

extraction kits and amplified via PCR. Microsatellite markers developed by Kretzer et al. 

(2003) for R. vinicolor and R. vesiculosus are being used to resolve fungal genets. Root 

samples are being genotyped using microsatellite markers developed by Slavov et al. 

(2004) and matched to the genomic reference library obtained from tree needles. Genetic 

information is obtained using an automated genomic sequencer (Applied Biosystems), 

measuring allele sizes to the nearest base pair, and scored using Gene Mapper (V4.0, 

ABI).  



 

Site and CMN mapping: The center of each site was satellite referenced using a 

TrimbleTM GPS unit. From these points, trees and soil sample locations were measured 

using stem-mapping field survey equipment and projected in ArcGIS® (Version 9.1) and 

stand visualization software (SVS). Understory vegetation, ground cover, and 

topographic features were recorded at each sample location in addition to systematic 

transect surveys of vegetation cover.  

 

Network Analysis: CMN spatial structure is being analyzed from the phytological 

perspective, with Douglas-fir trees as nodes and Rhizopogon spp. genets as links. Thus, 

sample locations representing differing trees and shared fungal genotypes are attributed 

to the number of tree nodes and length of fungal linkages in a common mycorrhizal 

network. Node degree, k, degree distribution, P(k), and clustering coefficients are used to 

classify the network structure as regular, random, or scale-free, with spatial attributes 

integrated into the graph theoretical measures. The network structure will be contrasted 

between site replicates (objective 3) using marked process network analysis and 

MANOVA. CMN structural components will be displayed graphically using the network 

modeling application Pajek (http://vlado.fmf.uni-lj.si/pub/networks), and as a figure in 

SVS using color to delineate trees (aboveground components) and fungal genets (as 

ground surface area) that are connected or not connected in the network.  

 

Genetic analysis: Basic population genetic elements such as allele number, diversity, F  

values, and heterozygote ratios, and linkage disequilibrium between loci will be 

IS



calculated assuming non-random mating as per Kretzer et al. (2003). The relative 

importance, or contribution, of individual tree-node and fungal-link genotypes to the 

network will be determined using eigenvector centrality measures. Correlations between 

species, genotype, and centrality estimates of fungal-links and tree cohort (age and/or 

size), connectivity degree, and network clustering coefficient will be tested using multi-

response permutation procedures (MRPP) and plotted with non-metric multidimensional 

scaling (NMS). Correlations between genetic distance and spatial distance of fungal 

individuals within the network will be tested with spatial autocorrelation analysis and 

plotted in standardized variograms.  

 

Analysis of genet structure (fine-scale CMN structure): The spatial structure of individual 

Rhizopogon spp. genets will be compared within and between focal sites and within and 

between fungal species based on their frequency, depth, and density (i.e. # root 

tips/space). Samples from forest floor and mineral soil horizons will be contrasted using 

t-tests to determine if vertical partitioning occurs between differing species and/or genets. 

The contiguity (diameter) and continuity (density) of R. vesiculosus and R. vinicolor links 

will be compared relative to space and substrate using spatial autocorrelation techniques.  

 

Analysis of kinship selection between tree cohorts: Differences in seedling performance 

measures between treatments (kin, non-kin, CMN, & no CMN) will be tested using a 

factorial ANOVA. Mixed -model testing will be applied if required due to low 

germination or high mortality rates among seedlings. 

 



Project scope and regional applicability: 

Ecosystem structure, function and processes, and biodiversity related to forest 

management; Effectiveness of stand-level structures and habitat in maintaining 

biodiversity:  This study will help us understand key belowground processes for 

maintaining regeneration potential and hence forest productivity and biodiversity. This 

study will characterize the spatial extent, structure, and genetics of CMNs linking 

overstory Douglas-fir trees with understory cohorts in mature and old-growth forests. 

This information will be used to determine target sizes and configurations of green tree 

patches that should be retained following disturbance (e.g., partial cutting, salvage 

logging following wildfire) in order to conserve the ability of the ecosystems to 

regenerate and hence develop into healthy stand structures. We will also provide 

information on designing partial retention systems for mitigating regeneration failure 

with drought associated with climate change.  

 

This project is applicable to the dry-belt Douglas-fir forests immediately north of 

Kamloops in the Southern Interior Forest Region 

 

Any interim conclusions, inference or information that might be immediately useful 

to forest practitioners and other researchers:  

Our results thus far indicate that genets (fungal individuals) of the ectomycorrhizal sister-

species Rhizopogon vesiculosus and R. vinicolor associate with multiple cohorts of 

interior Douglas-fir trees, thereby providing a direct belowground pathway for the 

potential transfer of water, nutrients, carbon, or phytochemicals between individual trees 



and between tree cohorts in mixed-aged forests.  The potential for such transfers is 

facilitated by the physical properties of these Rhizopogon species, which form large 

perennial genets (we observed R. vesiculosus genets spanning up to 21 m) and specialized 

large-diameter hyphal structures, called rhizomorphs.  Viewing the associations between 

Rhizopogon species and Douglas-fir trees as a mycorrhizal network with fungi as links 

and trees as nodes, nearly 70% of trees in the plot were linked through a belowground 

network that was highly interconnected and easily traversed.  Roots from trees nearly 10 

m from the plot were also tied into the network, thus the network was continuous beyond 

the plot borders; one large tree located 4.2 m outside the plot was directly linked to 47 

trees within the plot.  Based on the combined maximum span of R. vesiculosus genets and 

Douglas-fir root lengths in this study, a single fungal linkage may unite the roots of two 

mature trees separated by up to 60m distance, or the roots of a mature tree with a newly 

regenerating seedling 40 m away (though the contiguous link distances through treeless 

gaps has not been determined).  The architecture of mycorrhizal networks has 

implications for forest dynamics, patch size requirements for maintaining ecosystem 

functioning and biological diversity, and resilience of forests to disturbance or stochastic 

events.  Our continuing work, contrasting these interspecific associations between 

different soil moisture regimes at replicated sites, will further resolve the mycorrhizal 

network structural properties at the stand scale.   

 

Contact information: 

Contact Information: 
Proponent Name:  Suzanne Simard  
Email: suzanne.simard@ubc.ca 
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