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Introduction 
This report addresses a secondary objective of the project, specifically: 
 
3.   Evaluate likelihood of incorporating other organism groups into the approach.  
 
The primary intent of this project was to develop stand-level thresholds for the vertebrate 
component of biodiversity.  This report summarizes efforts to evaluate the degree to which such 
thresholds might also address requirements of organism groups other than vertebrates.   The 
project is intimately linked to Y08214 which addresses coarse-filter or landscape-level 
approaches to evaluation success of forest practices in sustaining biodiversity.  That project 
used application of the evaluation approach as a form of test and required a real area; 
specifically it was tested for TFL 48.  As a result of the links to field testing in northeastern 
British Columbia, much of the effort was focused on boreal forest types.  Comparison of non-
vertebrate groups to thresholds derived from vertebrates is thus less complete for more 
southern forest types.   
 
Thresholds for kinds and amounts of dead wood (snags and down wood) are especially needed.  
In Sweden over 550 red-listed species, 1  most of them insects and fungi, have been adversely 
affected by reductions in dead wood, both snags and downed wood.2  Berg and co-workers3 
evaluated dependencies of threatened forest-dwelling organisms in Sweden and estimated that 
about 30% of the cryptogam and macrofungi, and 28% of the invertebrates were dependent on 
downed wood. The largest group of organisms closely associated with dead wood use it as a 
unique habitat type that meets all their needs.  These include thousands of species of 
invertebrates, fungi, and cryptogams, including, mosses, liverworts, and lichens.4   Some 
species were on the trees before they fell.  Others are dependent on fungi or products of fungal 
decomposition, so must wait until decay progresses.   
 
In many regions it is possible to make a list of vertebrates and vascular plants relying on dead 
wood.  We cannot do that for the fungi, lichens, or bryophytes or invertebrates in most of North 
America, and certainly not in British Columbia.  The fact that we know neither the species nor 
the role the species play should give us pause when we consider potential impacts of forestry 
activities.   We evaluated 7groups of non-vertebrates.  A brief rationale for their treatment and 
principal findings are summarized for each group below.   
 
Rationale and principal findings 
There are far too many species in these non-vertebrate groups to attempt species-specific 
evaluations of the kinds of woody structures that sustain them.  Our focus was thus on 



appropriate metrics for describing suitable habitat and evaluation of whether these metrics 
differed from those relevant to vertebrates which we evaluated separately.   
 
Fungi 
Fungi were evaluated because they are key in determining the major attribute determining 
suitability of woody structures for a wide range of other organisms – from cavity-using 
vertebrates through lichens, bryophytes, potentially some vascular plants and a large number of 
invertebrates.   
 
In British Columbia at least 526 macrofungi are known to be dependent upon down wood.5  
These include species that are commercially harvested.  The macrofungi have fruiting bodies 
we can readily see.  We don’t know how many species of microfungi are in and on living or dead 
wood, but we do know that sustainability is dependent on the decomposition and nutrient cycling 
that these species undertake.   Well-rotted logs also may serve as foci for dispersal of 
mycorrhizal fungi critical to tree productivity.6  In northern Europe where forestry has been 
practiced longer, a significant portion of macrofungi have become threatened.3  Because they 
are near the bottom of the food chain, types and amounts of fungi present influence organisms 
higher in the food chain as well as decomposition, nutrient cycling and growth of crop trees.   
 
 
Decay state:  Decay usually begins in the canopy while the tree is still standing and alive and 
continues as the wood merges with soil.  Organisms generating decay are primarily bacteria, 
fungi and invertebrates.  They ‘feed’ on the dead wood using its carbon and other nutrients for 
their growth and development.  As they die, their carcasses become integrated with the dead 
wood and are acted on by other organisms.  Wood decomposes slowly relative to other plant 
matter.  In temperate forests, it takes on average 15 to 20 years for small (<5-cm diameter) 
branches and over 300 years for large trunks to decay.7  The dominant group of fungi 
determines wood’s contribution once it reaches the ground.  Enzyme systems of white rot fungi 
can degrade both cellulose and lignin so woody cell walls are completely decayed.  White rot 
residues are not stable components of soils.  Brown rot fungi degrade hemicellulose and 
cellulose but cannot degrade lignin, so wood is gradually reduced to crumbly brown chunks of 
wood composed largely of lignin.  Brown rot residues are extremely stable and are major 
organic components of forest soils, where they last hundreds of years.8  They may comprise 
30% of soil volume in upper soil layers and increase moisture-holding capacity, increase cation 
exchange, and are major sites for ectomycorrhizal development and nonsymbiotic nitrogen 
fixation.  Globally, brown rot fungi occur primarily in coniferous forests and do much to 
determine the nature of soils in those forests. 
 
We described decay state of snags and down wood using classes initially developed in 
Oregon,9 but now employed in British Columbia.10  Fungi are major agents creating these decay 
classes, so show clear patterns of succession as decay progresses.  Fungi require a continual 
supply of substrate to sustain the full range of saprophytic species.  Many invertebrates feed on 
the fungi present11  or otherwise profit from the succession of decay, so a natural succession of 
invertebrates follows.12   These often are dependent on the type of fungi or decay stage present.  
For example, the composition of the invertebrate fauna is greatly dependent on whether the 
wood was decayed by white-rot or brown-rot fungi.13    The lichen flora is generally richer and 
more abundant on logs of decay class 3 (logs are hard, with no twigs, only traces of bark and 
with little or no litter or moss cover).14  By decay class 4, the moisture content of logs is higher 
and bryophytes can outcompete lichens, so bryophytes also show clear patterns of succession 
with decay.15  As the log decays further, bryophyte species more common on the soil and 



vascular plants colonize it.   In aspen dominated boreal forest, logs and stumps were first 
colonized by a significantly different assemblage of vascular plants than on the forest floor.  
However, as dead wood decayed, assemblages of vascular plants converged and became 
more similar to their respective forest floor assemblages.16    
 
The clear implication of these patterns of succession is that it is necessary to retain the entire 
range of decay classes if the whole range of biodiversity is to be sustained.  Where forest has 
been practiced longer, as in Sweden, large portions of the threatened forest-dwelling organisms 
in Sweden are dependent on dead wood.3  The requirement to retain a range of decay classes 
implies that there must be recruitment of dead wood in managed forests just as there is in 
natural stands.  Most threatened down wood associates in Sweden (53%) preferred logs 5 to 50 
years after death; 18% preferred younger logs (0 to 5 years old), and only 2% preferred logs 
>50 years old.3  The loss of some bryophyte species in managed forests of Sweden has been 
attributed to the loss of intermediate decay classes of downed wood, of about the range 
reported as being preferred (5 to 50 years after death).17  Early stages of decay were abundant 
in managed stands, and the oldest stages were still present in old stumps, but the lack of 
recruitment of down wood reduced the amounts of preferred age classes, influencing the 
persistence of some species.  Given that some vertebrates forage on fungi and insects in 
downed wood, reductions of these food sources eventually appear higher in the food chain.   
 
Because decay rate responds to both the environment and tree species, the frequency of 
necessary recruitment varies with forest type.  In Sweden, evaluation of the succession of fungi 
on stumps and logs found that annual diversity peaked 4 to 7 years after logging.18  That study 
extended only 9 years, so succession was necessarily truncated.  Most stumps or logs were 
hardwoods (aspen, birch and oak), whose decay rate is more rapid than for many tree species 
in the Pacific Northwest, where older logs are more important.   Swedish studies extending past 
the initial decay stages in spruce logs, have found that fungal species richness peaks in the 
intermediate stages of decay (class 2 and 3).19  In coastal British Columbia, estimates of mean 
years since death for class 3 and 4 western redcedar logs were 141.2 and 780.0 years, 
respectively (classes as used in British Columbia).20 The mean diameter of decay class 3 logs 
was 141 cm, and large logs require longer to decay.21  Moreover, western redcedar is 
particularly resistant to decay.22   Like snags, logs can be a durable resource.  Douglas-fir, for 
example, is also slow to decay, even in moist coastal forests.  In a unique series of 
measurements 65 years apart, the estimated exponential decay rate constant was 0.022 per 
year for volume of Douglas-fir logs.23  Although large logs of some species may last 100s of 
years, for most forest types and tree species the appropriate period between recruitment of logs 
is closer to 25 years. Some recruitment will happen naturally.  The larger the logs recruited, the 
longer they will last, and the farther apart recruitment periods can be spaced.   
 
Tree species:  Some fungi species show strong preferences for either hardwoods or conifers.  
Generally, hardwood logs will host fewer species than conifer logs.  In Sweden, spruce logs 
hosted more fungal species than did aspen, birch or oak.18    Generally, host specificity appears 
to decline as decay progresses.  Among fungal species, host specificity is highest in living or 
newly dead wood,24 and declines as wood is decomposed.   
 
Size:  Among fungi, small diameters host specific species, but larger diameter pieces support 
more species of fungi, including species specific to large pieces.25  In Danish beech stands, 
smaller pieces hosted more fungal species per volume than did larger pieces.26  This finding 
appears to be a product of greater surface area per unit volume (to receive dispersing spores 
and host fruiting bodies) and is confounded by the fact that smaller pieces represent more 



separate units to receive dispersing disseminules.  Although there was no association of 
species richness with piece size, some threatened species were absent on small pieces.  The 
authors concluded, “…small diameter wood appear to be unable to support heart-rot agents and 
other species depending on a long and diverse infection history and thus the integrity of 
saproxylic communities may be seriously undermined if only small diameter cwd is left for 
decay.” 26  They continue, “ Therefore, we strongly recommend that whole, naturally dead trees, 
representing the full range of cwd habitats, are prioritised for natural decay in managed forests 
whenever possible.”  Swedish data across a variety of tree species, report significantly greater 
fungal species richness in larger diameter logs.   While larger diameter pieces support greater 
species richness, fine debris (twigs, small branches) are necessary.   Ascomycetes preferred 
the fine debris and basidiomycetes the coarse debris; 75% and 2%of ascomycetes were found 
exclusively on fine or coarse debris, respectively.27  Length of dispersed logs is less informative 
for most species, but may be important for some fungal species.  For example, the abundance 
of truffles and truffle-like fungi, was related to the amount of forest floor covered by logs.28  
These species fruit below ground so spores are not dispersed by wind; they are generally 
dispersed by small mammals feeding on the fruiting body.29  Contact with the ground is 
important for colonization of new substrate and more forest floor is covered if logs are not piled.   
 
 
Lichens 
Lichens were evaluated because they might respond to characteristics of live trees, dead trees 
and down wood differently than do vertebrates so thresholds derived solely for vertebrates could 
prove misleading or inadequate.   
 
Many lichens do not grow on woody substrates but are found on rock and bare soil. 
In the forest lichens occur on live trees, dead trees, down wood and shrubs.  Down wood 
appears to support the most species.  The best current estimate of numbers of lichens occurring 
on wood in the Pacific Northwest is 356 species.30  Of these, 79 species occur only on dead 
wood (at least 99% of recorded occurrences) and another 278 occur on wood and other 
substrates, such as bark or rocks (why group bark and rocks?).  In total, over 40% of species 
grow either on trees or bare wood.30  In the combined lichen floras or the Pacific Northwest and 
Fennoscandia there appear to be 127 species restricted to wood without bark..  The 
assessment is incomplete.  Some herbarium specimens and published records do not include 
substrate on which the species was growing.31  In terms of the species accounting system used 
to guide coarse-filter assessment, we grouped lichens into those found on rock and bare 
surfaces (Monitoring Group 6 of species accounting systems), those on bark and branches, 
those on dead wood, and those on shrubs.  In some case we could separate broad forest types 
(conifer trees versus deciduous trees). 
 
Decay state:  Lichens are found on living trees, snags, down wood and shrubs.  As noted in the 
discussion of fungi and decay, lichens attain their greatest richness on downed wood of decay 
class 3. 
 
Tree species:  Many cryptogams are strongly associated with hardwood trees,32 primarily 
because of specific bark characteristics.33  Host specificity among conifer species also has been 
attributed to differences in bark chemistry.34   Although there are species-specific relations that 
are poorly or totally undocumented, a key distinction in terms of provision of habitat to 
biodiversity is that hardwoods decay and return to the soil more rapidly than do conifers.21   
 



Bark disappears relatively early in the decay process.  It remains a stable surface for up to 10, 
20 and 30 years for Sitka spruce, western hemlock and Douglas fir, respectively.35  Because 
epiphyte affinities to tree species are associated with bark characteristics,36 Bunnell and 
coworkers suggested that they become less discriminating of tree species as the tree dies, 
loses bark and becomes partially decayed.31  Wood chemistry could influence affinities of 
epixylic lichens and bryophytes, but any patterns are inadequately quantified.   
 
Generally, the suggestion of Bunnell and coworkers appears true.  Associations with particular 
tree species are less well expressed in lichens and bryophytes than among fungi and insects 
where they persist into advanced decay. 37   Of the 127 species of lichens in the Pacific 
Northwest and Fennoscandia restricted to wood without bark. 79 appear restricted to conifers, 
13 occur on both hardwoods and conifers and only 9 appear restricted to hardwoods.30    
 
Size:  As for vertebrates, diameter appears to be the key measurement for thresholds.  Bunnell 
and coworkers found a positive relation between diameter to downed wood and species 
richness of lichens.31  The relationship is thus similar to that for fungi, bryophytes and 
invertebrates – larger logs support more species.  The importance of diameter appears less true 
of snags on which lichen richness is lower and largely determined by microclimatic conditions. 
In the wetter BEC zones (particularly CWH and ICH) height of dying and dead trees may be 
more important for lichens than for cavity-nesting birds (diameter and height, however, are 
correlated).   Length becomes important primarily for pieces of larger diameter, and may be 
particularly important for species that disperse poorly when logs themselves are dispersed. 
 
Bryophytes 
Bryophytes were evaluated because they might respond to characteristics of live trees, dead 
trees and down wood differently than do vertebrates so thresholds derived solely for vertebrates 
could prove misleading or inadequate.   
 
We encountered the same difficulties assessing substrate affinities for bryophytes as we did for 
lichens.  In many instances bryophytes are not restricted to a single substrate and may grow on 
rocks, soil and logs; for some species we found no record of substrate; and for some species 
life may begin on a living tree and continue on a fallen log (at least until the bark falls off). Just 
as for lichens, many mosses row strictly on non-woody substrates – rock and soil.  Broadly, it 
appears that among woody substrates in the forest, bryophytes attain their greatest richness on 
down wood with local studies recording numbers of 40 species or more.38  Exposed mineral soil, 
exposed by uprooted trees also hosts significant numbers of species in some areas.39  In British 
Columbia, substrate affinities of most bryophytes are incompletely described.  Given the diverse 
bryophyte flora of the province,40 the number of species associated with dead wood is 
undoubtedly large.  One coastal study reported 14 species with affinity for logs, but more with 
affinity for branches, twigs and bark or that were generalists.41  A total of 135 cryptogam species 
were reported from down wood in southwestern British Columbia, but lichens and bryophytes 
were not separated in reported data.42   Although total richness was not given, an average of 
10.2 epixylic1 bryophyte species was reported from logs in 0.4 ha plots in old growth forests of 
Oregon (mean of 7.1 species in 55-year-old stands).43   A majority of members of the 
International Association of Bryologists cited forestry practices as the greatest contributor to the 
decline of bryophyte species and groups.44 
 

                                                             
1 Epixylic refers to growing on wood; conventionally that means wood without bark. 



Substrate affinities for bryophytes in British Columbia are incompletely described.  Some are 
closely associated with riparian habitats.   We found sufficient information for only a few that 
would allow clear statements of preference for deciduous, conifer or shrub substrate. 
 
Decay state:  Because of the way bryophytes acquire nutrients, the bryophyte floral is richer and 
more abundant on living trees with intact bark and well decayed rotten wood.  Snags and 
recently dead wood support bryophytes, particularly in moist climates, but are not the richest 
substrate.  
 
Tree species:  Associations of bryophytes with particular or broad groups of tree species are 
much more strongly expressed on living trees than on dead wood.  That is partly because by the 
time bryophytes become abundant on dead wood bark is shed and tree species are more 
difficult to distinguish.  More importantly, on the well rotted state that encourages high moisture 
levels and high bryophyte richness, many tree species differences have been degraded by 
decay. Bryophytes and lichens are unable to grow on the ground of pure trembling aspen 
stands forests because of the thick litter layer and the blanketing effect of autumn leaf-drop.45  In 
such forests, bryophytes and lichens are largely confined to tree bases and downed woody 
material.  In Albertan mixed wood, 33 mosses and 7 liverworts were reported from down wood, 
but no distinction was reported between conifer and hardwood logs.46 
 
Size:  Size undoubtedly is important in living trees, simply because to increased surface area.  It 
is best documented for down wood and larger pieces support greater richness.47  Diameter 
appears to be the primary predictor variable of species richness, as for vertebrates.  However, 
as for lichens, length of larger diameter pieces is important when debris is left scattered or 
dispersed.  Like lichens, some forest-dwelling moss species disperse poorly.48  Height of living 
or dead trees appears to have little predictive power because even well developed bryophyte 
mats high in the crown are generally comprised of terrestrial species.49  
 
 
Vascular plants 
Vascular plants were evaluated for two reasons.  First, during landscape-level roll up some 
species of concern may or may not be captured within various portions of the non-harvestable 
land base.  Second, some vascular plants could be closely associated with advanced decay 
states of down wood.   
 
To address the first issue we evaluated only red- and blue listed vascular plants for the Peace 
region.  Generally, red- and blue-listed species fit into the species accounting Monitoring 
Groups 6 (non-forest), and 4 (localized habitats).  Those inhabiting localized habitats were 
usually associated with riparian habitats, either stream sides or wetlands.  Some vascular plants 
could be associated with broad forest types (Monitoring Group 2), in particular some are early-
seral species and some are associated with deciduous types.  A few (6 species) appear to be 
habitat generalists (Monitoring Group 1) so habitat does not appear to be the limiting factor 
affecting their status.   
 
Fallen trees themselves create specific microhabitats for vascular plants as well as cryptogams, 
including  upturned roots, exposed mineral soil from upturned trees, downed boles, stumps and 
branch piles.  These microhabitats often offer favorable habitats for the establishment of 
vascular plants by reducing competition with non-vascular and other vascular plants,50 
facilitating establishment of mycorrhizal relationships,51 changing substrate nutrient and 



moisture conditions,52 providing suitable physical substrate for establishment of roots,53  and 
increasing light and temperature regimes within canopy gaps.54  The differential abilities of 
plants to colonize sites adds to the spatial and temporal variability within the understory and 
encourages greater richness in biodiversity.  In British Columbia, many species are capable of 
exploiting various forms of down wood as growing sites,55 but only a few appear limited or 
nearly limited to woody substrates.  Some orchids (e.g., Coralorhiza) and ericaceous vascular 
plants (e.g., Hemitomes, Allotropa) appear to rely upon specialized mycorrhizal associations in 
downed wood for their nutrition.56

   
 
Decay state:  Generally, logs and stumps were first colonized by a significantly different 
assemblage of vascular plants than on the forest floor.  However, as dead wood decays and 
more closely approximates soil, the assemblages converge became more similar to their 
respective forest floor assemblages.16  Those species relying upon specialized mycorrhizal 
associations in downed wood for their nutrition require well decayed down wood.  In British 
Columbia favourable sites typically are created by brown rot fungi.   
 
Tree species:  Both hardwood and conifer logs host vascular plants.  Conifer logs make a 
greater contribution primarily because they last long.  Rotting wood is particularly important in  
conifer forests of the Pacific Northwest because it covers more of the forest floor there than in 
other regions (6 to 25%),21 and because seedling density is greater on rotten wood than on the 
forest floor.57   
 
Size:  In aspen forests, logs and stumps > 20 cm diameter captured 95 percent of the colonizing 
vascular plant species.16   Smaller diameter logs and stumps were only colonized by small forbs 
such as Mitella nuda , Linnaea borealis, and Cornus canadensis , whereas larger diameter logs 
and stumps were colonized by shrubs and saplings as well.   
 
Odonata 
Odonata were chosen to help inform decisions about how wetlands should be treated when 
evaluation is intended to extend beyond the local to much larger areas.  We attempted to 
establish associations between Odonata and wetland types that would permit scaling up over 
larger areas.  We evaluated potential associations using regional literature,58 web-based 
sources and discussion with personnel within BC Ministry of Environment who have worked on 
Odonata within the province.  We found that problem intractable, primarily because:  1) some 
Odonata select specific microsites within larger wetlands; the classification system does not 
capture such microsites and obscures these small differences; 2) in many instances the 
wetlands from which species were collected or observed were not recorded using the current 
classification system; 3) Odonata often use small wetland areas that are not currently mapped. 
 
Wood-inhabiting invertebrates 
Wood-inhabiting invertebrates were evaluated because all major insect orders (but especially 
beetles and flies) are found in wood, especially in down wood.  The richness of species dwarfs 
other organism groups.  Beetles alone represent about 40% of all arthropod species,59 and 
there are least twice as many species of dead wood inhabiting beetles as there are terrestrial 
vertebrates.60  What all these species do is poorly known, but it is clear they play a critical role in 
decomposition and nutrient cycling.  Little is known of these species and the functions they 
perform in British Columbia.   
 
Decay stage:  Insects inhabit all stages of decay 61   



 
Tree species:  Insects colonizing living or freshly dead wood often show narrow host 
specificity,62 but specificity declines as decay progresses although large differences remain 
between hardwood and conifer trees.61  
 
Size:  Relations with piece size for insects are similar to those for fungi.  Different sizes of down 
wood host different species assemblages.  Small pieces serve some species, but larger 
diameters host more species61 and are particularly important for species that are now rare and 
threatened.63   
 
Butterflies:  We evaluated butterflies not because we expected thresholds among stand-level 
elements but because some might be associated with highly localized habitats and have to be 
treated individually within landscape-level or coarse-filter appraisals.  For the Peace region,  
some species appear to be associated with highly localized habitats.  For example,  Striped 
hairstreak (Satyrium liparops subspecies fletcheri) relies on chokecherry in riparian habitats as a 
larval food source; Hoary Elfin ( Incisalia polia) feeds on bearberry; the Polar Fritillary 
(Clossiana polaris) feeds on Dryas species. 
 
Management implications 
Principal management implications derived from this review are: 
 
1)   The entire range of decay states is necessary to sustain biodiversity.  Whereas cavity-using  
vertebrates prefer decay states ranging from live through recently dead, efforts to sustain the 
entire range of biodiversity must provide continual recruitment of dying and dead wood so that 
all decay stages are present .  Some forest practices create gaps in recruitment of decay 
stages.  Elsewhere, these gaps have been associated with declines in biodiversity.2,3,17 
 
2)  A portion of trees must be allowed to die naturally.  This finding does not differ from that for 
vertebrates.  Preferred cavity sites are created when a living tree compartmentalizes rot to 
create soft, readily excavated areas surrounding by sound sapwood.  That condition is initiated 
in living trees.  Heart rot cannot be initiated in dead trees so the hollow logs sought by many 
species are created only if the tree becomes infected while still alive.    Some fungi, lichens and 
bryophytes first occupy the bark or wood of living trees, and subsequently colonize dead wood. 
 
3)  The concept of retaining an approximately natural distribution of tree species does not differ 
from that recommended for vertebrates.  Other organisms also show strong affinities for specific 
tree species or make strong distinctions between hardwoods and conifers. 
 
4)  In terms of size, diameter is the most consistently predictive measure of habitat suitability 
whether the tree is live, dead of fallen.  Height of living or dead trees appears to have little 
influence other than for lichens in wetter regions.  Larger diameter logs host more species of 
fungi, lichens, bryophytes, vascular plants and insects than do smaller logs.64   Although large 
pieces sustain greater species richness; small diameter pieces are specifically sought by some 
species of fungi and insects, so a range is required.  For larger diameter logs, length is 
important primarily for some truffle species, and species of lichens and bryophytes that disperse 
poorly – but then, only if the logs are dispersed.  Volume aggregates diameter and length, so 
the greater influence of diameter is obscured.  Once pieces are piled, relations with diameter 



and length no longer hold.  The pile as a whole is the entity because surface areas are exposed 
differently and common decay relations no longer hold. 
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