
Coarse filter assessment of contribution of dying a nd dead wood to 
sustaining biodiversity on TFL 48 

Progress Report 
 

Fred L. Bunnell, Laurie L. Kremsater, Arnold Moy 



2 
 

 

Executive Summary 
[incomplete] 
There are four broad steps in coarse filter assessment of the contribution of dying and dead wood 
to sustaining biodiversity : 

1) list species present in the DFA and dependent on or strongly associated with deadwood 
and assess their requirements (can be reasonably complete only for vertebrates; partially 
complete for bryophytes and lichens), 

2) review natural levels of dead wood in NE ecosystems, 
3) review impacts of current forest practices on dead wood, and 
4) assess probable future amounts of dead wood and their apparent adequacy based on 

natural levels and species requirements. 
 
1)   Species within the DFA dependent on dying and dead wood include 33 cavity using 
vertebrates (Appendix 1) and an additional 34 vertebrate species use down wood to varying 
degrees (Appendix 2).  Many more invertebrates, fungi, lichens, mosses and liverworts rely on 
dying and dead wood. 
 
2)   Review natural levels of dead wood in NE ecosystems.  
 
3)   Review impacts of current forest practices on dead wood.  Practices that can have a 
deleterious effect on amounts and kinds of deadwood within the DFA are those that: 

1) reduce the amount of older forest age classes over large areas (each forest type is  
significant to some species; products of age, such as larger diameters and advanced 
decay, also are requirements for some species); 

2) convert significant amounts of hardwood or mixed wood types to conifer-leading types 
(decayed and dead hardwoods are preferred by species in several groups of organisms);  

3) fail to provide the full range of decay classes on a sustained basis in both conifer and 
hardwood types (different organisms seek different decay classes; even-aged 
management with close utilization standards can produce gaps in the sustained provision 
of all decay classes); 

4) fail to provide sufficient dead wood of adequate size (see preferred diameters in Tables 
2, 3 and 6); and 

5) fail to distribute dead wood in ways that meet organisms requirements.  
 
There is a sixth potential impact – the combined or cumulative effects of all actions.   
 
The ways in which each of these effects can be influenced by forest practices and key measures 
of the potential impact are briefly reviewed before assessing current practices.  
 
4)   Assess probable future amounts of dead wood and their apparent adequacy based on natural 
levels and species requirements. 
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1 Introduction 
There are four broad steps in the assessment: 

1) list species present in the DFA and dependent on or strongly associated with deadwood 
and assess their requirements (can be reasonably complete only for vertebrates; partially 
complete for bryophytes and lichens), 

2) review natural levels of dead wood in NE ecosystems, 
3) review impacts of current forest practices on dead wood, and 
4) assess probable future amounts of dead wood and their apparent adequacy based on 

natural levels and species requirements. 
 

2 Species using dying and dead wood 
The natural history of species doing using dying and dead wood determines the attributes of dead 
wood necessary to sustain biodiversity.  A critical feature determining the suitability of dead wood 
as habitat is decay state.  Because decay usually originates in living trees and all stages of decay 
are relevant, dying and dead trees need to be considered jointly.   We consider standing and 
fallen dying or dead wood separately. 
  
2.1 Species using standing dying and dead wood 
Within the DFA, standing dying and dead wood provides cavity sites for birds and mammals and 
substrate for algae, fungi, lichens, bryophytes and invertebrates.  Appendix 1 lists native 
vertebrates using cavities within the DFA and notes affiliations with BEC zones;  Appendix 2 lists  
native vertebrates using down wood.  Data are most complete for vertebrates and among 
vertebrates are most complete for birds. 
 
Birds:    Table 1 assesses the degree to which birds present on the DFA are associated with 
particular forest or habitat types.  Habitat types in the table are designated:  RD = Recently 
disturbed (0-30 yrs); H1 = Hardwood (30-90 yrs), H2 = Hardwood (90+ yrs), C1 = Conifer (30-90 
yrs), C2 = Conifer (90+ yrs), MW1 = Mixed wood (30-90 yrs), MW2 = Mixed wood (90+ yrs).  
Primary, secondary and tertiary indicate the apparent habitat preferences as derived from survey 
data, where primary is most preferred.  Bold  in the table indicates a significant preference for the 
habitat (p < 0.05).  Where little or no data were collected from survey routes, expected habitat 
preference is provided in square brackets.   
 
Table 1.   Habitat affinity of cavity-using birds present in the DFA for major forest types.  Numbers 
of records are those recorded from the Breeding Bird Survey routes.  Species using cavities only 
opportunistically are not included.  
 

  Habitat affinity  Territory  
Size (ha) 

Trend a 
Species  Records  Primary  Secondary  Tertiary  
Upland       
American Kestrel s 3 [open 

habitat] 
  0.1-1.75 

pr/km2 
-0.2 

American Three-toed  
   Woodpecker   

               
7 

                 
1/0H1 b 4/3 C2 1/0 MW2 

              
10-20  

        
16.9 

Barred Owl 1 [MW2]     
Black-backed 
Woodpecker   

               
4 

[C2] 
  

              
60-125  

          
3.9 

Black-capped Chickadee   38 8/3 H2 7/2 MW2 3/1 H1 1.5-5.3 -0.8 
Boreal Chickadee 13 10/5 C2   5+ 2.3 

Boreal Owl  s  [MW2]   ? 19.5 

Downy Woodpecker  [H2] [MW2]  4.4-5.5 0.3 
European Starling 14      
Hairy Woodpecker 13 4/1 H2 3/1 MW2  2.5+ 8.8 

House Wren  s 1 [H2] [MW2]  0.2-1.7 0.5 

Mountain Bluebird ? [open 
habitat]   

5 1.7 
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Northern Flicker   13 2/1 MW2 1/0 MW1  ? -0.9 

Northern Hawk Owl  s 1 [C2]   0.6-6 kmc nd 

Northern Pygmy Owl  s 1 [C2] 
  

1.2-1.6 
kmb 

0.5 

Northern Saw-whet Owl s 1 [C2] [MW2]  <1 km2   nd 

Pacific Slope Flycatchers  21 15/9 C2 3/2 H2 1/0 MW1 1-3.5  -1.2 

Pileated Woodpecker   6 2/0 MW2 1/0 C1 1/0 H2 55-500+ 2.5 
Red-breasted Nuthatch   60 12/4 MW2 30/25 C2 3/2 H1 1-5+ 1.4 
Tree Swallow  s 2 1/0 RD 1/1 C2  0.1-0.2 0.6 

Violet-green Swallow  s 1 [open 
woodlands]   

colonial 1.0 

White-breasted Nuthatch   2 1/0 H2 1/1 C2  10-15 1.8 
Yellow-bellied Sapsucker  91 21/6 MW2 18/7 H2  0.6-3.1 -4.8 
Riparian        

Bufflehead  RWC  s     0.4-0.6 2.0 

Barrow's Goldeneye  s 1    0.05-1.85 2.7 

Common Goldeneye  s 3    0.1 10.1 

Common Merganser  s     none 2.5 

Hooded Merganser  s     none 3.0 
a Trend in western BBS routes as analyzed by CWS; %/yr; significant trends in bold (positive in blue ; negative in red ); 
sample sizes are usually too small to yield significant estimates; b  0 as an expected value results from off; the expected 
value is very low   c  Mean distance between nests.  PV – update with 2007 data. 
s = secondary user that does not excavate its own cavity 
 
Some species known to be present in the TFL and to use cavities are not adequately sampled by 
the Breeding Bird Survey (BBS) methods.  For example, only 3 American Kestrel records have 
been recorded from the routes, but a total of 205 American Kestrel records have been acquired, 
the vast majority away from BBS routes because the species prefers more open habitat than the 
forested sites in which the BBS routes are concentrated.  Woodpeckers also are inadequately 
sampled by the BBS technique.  For example, there are 12 records for Pileated Woodpeckers off 
BBS routes, and only 6 records on the routes.  Similarly, owls breed much earlier in the season 
than when BBS samples have been acquired.  Sampling to date has occurred on upland sites 
and thus has recorded few cavity-nesting ducks and mergansers that nest in riparian areas.  
Records acquired off BBS routes are recorded in the ‘incidental records’ data base.  They help 
affirm habitat affinities but can not be used to calculate expected values for habitat selection 
because their acquisition is opportunistic rather than designed.  
 
Habitat affinity values in Table 1 can be interpreted as a simple selection ratio of times observed 
over times expected.   For example, Boreal Chickadee has a ratio of 10/5 in C2.  That means it 
was observed 10 times in C2 although expected only 5 times given: 1) the allocation of sampling 
across the 9 surveyed habitat types, and 2) that it was detected 13 times in total across all habitat 
types.  The sample distribution was 1768 (stations x years) from C2 and 4444 across all types.  
The denominator (5) = 13 x 1768/4444.  For the Boreal Chickadee the selection index for its most 
preferred (primary) habitat is 2.0 (10/5), but note that it has not been recorded from other 
habitats.  Relative selection across habitats is clearer for the Red-breasted Nuthatch 3 (12/4) for 
its primary habitat and 1.2 (30/25) for its secondary preference.  Data are too sparse to be 
revealing for any third-ranked habitat preference.  The selection ratios provide a repeatable index 
of how highly the species itself ranked the different habitat classes.   Data for amphibians and 
mammals are being acquired opportunistically.  Birds, however, are the richest group of 
vertebrates and are emphasized among vertebrates.  
 
Bunnell et al. (2002a) reported that decay state and diameter are the key factors guiding bird 
selection of snags.  Generally, all primary excavators seek decayed heartwood, and the stronger 
excavators will chisel through sound wood to reach decay.  For weak primary cavity-nesters, 
harder outer wood is still desirable to reduce predation, but these species are not adapted to 
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excavating hard wood.  They must either compromise with softened sapwood, or find existing 
holes in hard outer wood, such as those at dead branch stubs.  Unlike primary excavators, 
secondary cavity-users ‘take what they can get’ – with certain limitations.  The most obvious 
limitation is that the cavity must be big enough.  The nest also needs to be near the appropriate 
habitat, which is not forest for many secondary cavity users (e.g., cavity-nesting ducks, swallows, 
bluebirds, kestrels).  Heart rots can create hollow trees and the hollow logs sometimes sought by 
Vaux’s swift, marten, fisher and black bears.  Because large cavities result only from a living 
tree’s defense against fungi, a tree without decay that succumbs to windthrow will never become 
hollow.   In conifers, decay occurs primarily in older, live trees with defects in the outer sapwood, 
like broken tops.  In hardwoods, heart rots may not require a wound to enter, occur earlier and 
are common among otherwise healthy, young trees.  The early onset of internal decay 
surrounded by a sound sapwood shell encourages cavity excavators to seek out hardwoods. 
   
Diameters selected by species within the TFL are collated for birds in Table 2 and mammals in 
Table 6.  More data are available for birds so differences between values derived from boreal 
forests and other forest types are more readily characterized.  Table 2 summarizes attributes of 
trees used as cavity sites by birds occurring within TFL 48.  It includes some species not in Table 
1 that use cavities infrequently.  Because we anticipated differences between boreal forests and 
other forest types we included attributes of each group of forest types separately.  In some 
instances there are inadequate data for boreal types.  Where adequate samples exist from boreal 
types, the nature of any differences indicates how we should expect responses in boreal types to 
differ from southern forest types where data are more plentiful.   

Table 2  Attributes of cavity sites used by birds i n TFL 48

Live/Dead
Species Sig Type Mean Conifer Hardwd Both All trees Conifer Hardwd % n % n
American Kestrel Sec 24-42   both 54.3 40.7 92.9 28

Am Three-toed Woodp sP 15-19  both 23.7 23.5 127 42.9a 161
Barred Owl Sec 35.6 dead 45.6 43.9 46.4 33.3 15
Barrow's Goldeneye Sec  26-38 both 48.2 61.0 41
Black-backed Woodp  sP 24 23-25   both 39.4 37.0 1.2 81 59.8 97
Black-capped Chickadee C2,  H2 s wP 12.7-17.9 dead 20.4 89.9 27 61.5 52
Boreal Chickadee wP 15 14-17 dead 56.0 18 87.1 31
Boreal Owl Sec
Brown Creeper Cv 22.9 dead 56.7 54.7 21.4 83.5 176
Bufflehead Sec 21-31 both 53.1 72.9 33.3 85.6 90
Common Goldeneye Sec 28-40 both
Common Grackle O 20.3-22.9   dead
Common Merganser Sec 38 dead
Downy Woodpecker wP 22 21-23  26.2 25.1 26.3 81.4 102 60.6 109
European Starling Sec 25 23-30.1  34.9 98.4 34.7
Great-Horned Owl O 42 38-46  both
Hairy Woodpecker sP 24 23-28  both 46.0 42.0 28.3 39.3 346 62.6 190
Harlequin Duck O 52 stump
Hooded Merganser Sec 45.7 42.9 7
House Wren Sec 17 12-19.0 both 32.8 27.6 79.8 252
Mountain Bluebird Sec 15.2-20 both 33.2 125.0 30.9 100.0 37
Northern Flicker  G  s sP 27 23-78  42.0 60.4 34.1 44.7 998 55.9 717
Northern Hawk Owl Sec 15.4-30.5 dead 41.3
Northern Pygmy Owl Sec 20 dead
Northern Saw-whet Owl Sec 21-52 both
Pacific Slope Flycatcher       C2   S Sec
Pileated Woodpecker  sP 35.7 live 73.6 77.6 42.5 25.1 199 73.3 202
Red-breasted Nuthatch  s wP 21.6 dead 35.7 10.3 23.6 31.1 238 71.8 394
Tree Swallow  Sec 20 18-25  both 31.1 95.0 29.3 100.0 62
Violet-green Swallow  Sec 20 19-21  dead
White-breasted Nuthatch  wP 22.9 live 35.0 37.5 56 74.2 62
Winter Wren Sec 20.3 dead 59.8
Yellow-bellied Sapsucker      H2  S sP 28 25-32  live 32.8 79.4 97 41.3 63

Diameter
BC and Alberta boreal forest types

Diameter (mean or range)
  Other forest types

% Hardwoods % Dead

 
 
a Note that the calculations of percent use of live and dead trees in Table 2 included only areas where both live and dead 
trees were available; the three-toed woodpecker makes extensive use of recently dead trees in severe burns where live 
trees are largely absent.   
 
Data in Table 2 were derived from three broadly different sources.  The significance values (Sig) 
are those derived from BBS routes over five years.  The diameters and live/dead values for 
northeastern BC were derived from historical nest records collated by R. Wayne Campbell.  The 
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nature of the nest records prohibited consistent derivation of means or the calculation of percent 
use of hardwoods and conifers when both were used, or of percent dead trees.  For these boreal 
records trees were either all live, all dead or noted as both live and dead.  Data from other forest 
types were collated from 43 sources in the literature and represent much larger sample sizes 
(Appendix 3).  For this broader data base, sample sizes for percent hardwoods and percent dead 
are given in columns following the ‘%’.   Some cells are empty.  For example, reports for 
American Kestrel distinguished between live and dead trees, but did not distinguish between 
hardwoods and conifers.  
 
Within the sparse data for 33 species frequently using cavities in boreal forest types, nest sites 
have been recorded only from hardwoods for 8 species and only from conifers for 5 species; 13 
species have been recorded nesting in both hardwoods and conifers.  It is noteworthy that the 
major keystone species, yellow-bellied sapsucker, has been recorded only from hardwoods.  The 
average percent of dead trees used across species (derived from all forest types) is 68.5%; it is 
lower where species can use hardwoods (Table 2).  For species nesting in both hardwoods and 
conifers, the mean diameters of species used across hardwoods and conifers are 31.9 and 
64.1cm, [WBNU: separate conifer and hardwood] respectively.  That reflects the earlier age and 
smaller size at which hardwoods incur heartrot.  Comparable mean diameters for boreal and 
southern forest types were available for only 7 species: smaller sizes were selected in boreal 
forests – 22.7 versus 36.1 cm.  Trees selected from more southerly forests were on average 59% 
larger across bird species (data of Table 2).  These findings indicate that findings from more 
southerly forest types cannot be readily transplanted.  In short, hardwood trees are preferred over 
conifers and are used at smaller sizes; most nest trees are recently dead, with more hardwoods 
used while still alive; and smaller trees are used than in more southerly forests. 
 
Mammals:  Attributes of cavity trees used by mammals are summarized in Table 3 (primary 
sources in Appendix 3).   For most species there are too few data from boreal forest types, so 
data from all forest types are combined.  Among the 12 mammal species occurring within the 
DFA, the black bear is unlikely to use wooden structures for den sites because during winter the 
ground is always frozen (becoming damp in an earthen den is unlikely).  Diameters from other 
forest types are available for 10 species.  We expect larger trees to be selected by mammals than 
by birds, even when the mammals are small (bats), because they do not excavate their own 
cavities but enlarge natural cavities.  These large cavities take time to develop, so occur in larger 
trees.  Mean diameter across species of trees used as den sites is 64.2 cm, almost three times 
larger than trees sought as nesting sites in northeastern BC.  The percent of denning trees that 
are dead is 54.6% – markedly lower than is found for nesting sites.  That difference emphasizes 
the importance of sustaining a continual supply of large, old trees that die a natural death.  
Hardwood use is lower among mammals denning in trees, because they require larger cavities.  
Use of hardwoods ranges widely across species (from 0 to 100%) and averages 37.7%.  The two 
species with 100% of the dens in hardwood trees are both bats, whose small size does not 
require large trees.  The only cavity-using mammal for which data are available from the DFA is 
the fisher.  Two maternal dens were reported by Weir (2006), both in hardwoods (39.5 and 51.5 
cm dbh; smaller than diameters from studies farther south). 
 
Amphibians and reptiles:  No amphibians occurring within the DFA are likely to use standing 
dying or dead trees. 
 
Invertebrates:  Invertebrates appear omnipresent and inhabit wood while it is alive, dying, dead 
and in all stages of decay.  Some help create rot and cavity sites by introducing fungi into the 
living tree. Their role in decomposition, thus nutrient cycling, and presence through all decay 
classes indicates the importance of sustained provision of all decay classes by allowing some 
trees to die a natural death. 
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Table  3

Co m mon Name S cien tific name S BS SBP S S WB BWBS E SS F S S 2 Cavi ty 3 Diam eter 4
% Dead n %  Hardwo od n

Mammals

Order Chiroptera

Big  Brow n Bat E ptes icus fuscus X X X X G Sec 44.1 45.6 57 13.0 24
Hoary Bat Las iurus cinereus X X X X L Sec 43.5
Li ttle Brown My otis M yotis luc ifugus X X X X X L Sec 41.0 65.2 23 100.0 21
Long-legged My otis M yotis volans X X X L Sec 100.0 90.2 54 0.0 41
Norther n Long-eared MyotisM yotis septentrional is X X X L Cv 43.6 64.3 56 0.0 7
Silver-hai red  Bat Las ionycteris noctiv agans X X X X L Sec 51.8 72.0 50 100.0 50

Order Rodentia

Porc up ine E reth izon dorsatum X X X X X G O
Norther n Flying  S qui rrel Glaucom ys sabrinus X X X X X M,L Sec 31.5 32.1 627 31.1 650
Red Squi rrel Tamiasciurus hudsonicus X X X X X M,L O 33.2 50.0 22

Order Carnivora

Fisher M artes pennanti X X X X X L Sec/DW 71.3 50.0 30 45.1 35
Marten M artes americana X X X X X L Sec/DW 84.0 40.2 470 0.0 375
Black Bear Ursus americanus X X X X X G Sec ?/DW? 161.8 32.1 249

4
 Mean diameter of nest t rees at breast height.

3 
Cavity type.  Sec = Secondary Cavity user (obligate), Cv = Cave or Crevice (may use cavities, especially during winter), O  = Opportunistic; DW= may 

use down wood for dens

2  SS = Seral stage.  G = generalist species, showing little response to seral stage; species favored by particular seral stages at the landscape level 
are designated "E"(early), "M"(middle), and "L"(late).

Att ributes of cavity sites used by mammals  in TFL 4 8

BEC Zon e 1       All forest types

1
  Biogeoclimatic zones in British Columbia are described by Meidinger and Pojar (1991).  SBS = Sub-boreal Spruce, SBPS = Sub-boreal Pine-
Spruce, SWB = Spruce-Willow Birch,  BWBS = Boreal White and Black Spruce, ESSF = Engelmann Spruce-Subalpine Fir.

 
 
Fungi :  Because few bird species have the capacity to excavate large amounts of down wood, 
most cavities are initiated by decay fungi.   Part of a living tree’s defense against fungi is to 
compartmentalize it by walling the fungus off with healthy wood.  That defense creates desirable 
rot pockets surrounded by a sound wood shell that provides protection.  Primary excavators seek 
such sites by excavating through the surrounding shell of living wood (Bunnell et al. 2002a).  
Fungi are thus critical to cavity users, and suitable cavity sites are initiated in living trees where 
rotting wood can be compartmentalized.  No tree species is immune from fungi, but in northern 
regions hardwoods generally are invaded by decay fungi at younger ages than are conifers 
(Bunnell et al. 2002c).  Fungi, along with invertebrates, create decay and their activity is captured 
by current metrics describing habitats suitable for cavity nesters.  
 
Lichens :  There are groups of macrolichens that are clearly arboreal, using both living and dead 
standing trees as substrate (e.g., Alectoria, Byroria, Usnea).  Such trees are broadly equivalent to 
wildlife trees that provide cavity sites.  Associations of lichens with specific living tree species 
appear to be primarily a function of bark characteristics (Culberson 1955; Barkman 1958).  Many 
cryptogams, lichens and bryophytes, are strongly associated with hardwood species (Gustafsson 
et al. 1992; Kuusinen 1996; Rambo 2001), but even among conifer species host specificity has 
been attributed to differences in bark chemistry (Kalgutkar and Bird 1969).  As bark sloughs from 
snags, favourable stem flow is reduced and snags host fewer lichen species.  Crustose lichens 
comprise most of the species on tree bark.  When trees fall with bark intact many of these lichens 
persist on down wood, although the species composition gradually changes.  This progression 
makes it difficult and often not meaningful to attempt to distinguish species that are primarily 
restricted to snags or to down wood (Bunnell et al. 2008a).  Distributions of lichen species within 
the province are incompletely described, but all DFAs host some arboreal lichen species whose 
preferred habitat is similar to trees sought by cavity users.  Height of the tree or snag is potentially 
important for arboreal lichens, because species presence and richness is influenced by 
microclimatic conditions.  In the wetter BEC zones (particularly CWH and ICH) height of dying 
and dead trees is likely to be more important for lichens than for cavity-nesting birds (diameter 
and height, however, are correlated).    
 
Bryophytes:   Bryophytes have no roots and are less able to extract nutrients from the air than 
are lichens.  They thus do best and attain the greatest species richness on sites with abundant 
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moisture.  Richness is highest on living trees with intact bark and on well-decayed down wood.  
Snags are relatively depauperate except in very moist climates.  
 
We encounter 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 grow strictly on non-woody substrates – rock and soil.  It appears that 
among woody substrates in the forest, bryophytes attain their greatest richness on well-decayed 
down wood.  For standing living and dead trees attributes used to assess cavity sites appear 
suitable.  As for cavity sites, height of living or dead trees appears to have less predictive power 
than diameter.  Even well developed bryophyte mats high in the crown are generally comprised of 
terrestrial species (Spickler et al. 2006; Winchester & Ring 1996).  
 
Despite incomplete substrate preferences for many bryophyte species, we found at least 23 
liverwort species in British Columbia that are primarily forest-dwelling.  Of these, 19 appear to  
prefer conifer-leading types and none appear to prefer deciduous-leading types.  These 
values are not complete.  The liverworts listed below may use standing deadwood as substrate 
(Table 4).  Separating liverworts that grow on living trees from those that grow on dead trees and 
those that prefer down wood, is difficult to do with any confidence because most reports do not 
record substrate at that detail.  As for lichens, it also may be meaningless for some species.  
Some liverworts listed below (Table 7) as occurring on down wood may also use standing 
deadwood.   Most of these liverworts are not known to occur in northeastern British Columbia, but 
there has been little sampling for liverworts there.   
 
 
Table 4.  Liverworts potentially occurring on standing dying and dead wood in northeastern 
British Columbia.   

Species Substrate 
Anastrophyllum 
hellerianum  
 

Usually on moist, well-rotted decorticated pine logs, sometimes on those of deciduous trees, 
rarely on stumps. In humid ravines and wooded valleys, occasionally on logs lying among 
shrubs. 

Porella cordaeana 
 

On trees, usually associated with a weak calcium source. Common on maples in British 
Columbia. Lowland. 

Ptilidium pulcherrimum Usually on trees or fallen logs. Lowland to subalpine. 
Geocalyx graveolens 
 

Usually on well-decomposed logs or on the bark of living trees in open forest, sometimes on 
humus. 

Frullania bolanderi 
 

Epiphytic, especially on black cottonwood, bigleaf maple, Garry oak, red alder and Douglas-
fir; also found on the decaying wood of these species. Dry to mesic, partially shaded forests. 

Cololejeunea macounii On bark of trees and shrubs, especially alder. 
Ptilidium californicum 
 

On trees; occasionally on rotten wood and rarely on rock. Dry to mesic substrates in partial 
shade. Lowlands to alpine. 

Bazzania ambigua 
 

It is common on the bases of tree trunks in shaded forests, on tree bases and logs, and 
occasionally on rocks, in woods. 

 
Generally, mosses are more tolerant of desiccation than are liverworts. Among mosses, several 
use tree trunks as their primary habitat.  Although reports often are not clear, in most instances 
these are likely to be living trees for reasons noted above.  Only a few of these mosses have 
been found in northeastern British Columbia.  Species believed likely to occur on standing trees 
in the northeast are listed in Table 5.  
 
Table 5.  Mosses potentially occurring on standing dying and dead wood in northeastern British 
Columbia. 

Species Subspecies 
BC status (red, 

blue, yellow) Primary habitat 
Metaneckera menziesii 

 
Y rock; tree trunks 

Pohlia cruda 
 

Y rock; tree trunks 
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Tortella tortuosa 
 

Y rock; tree trunks 
Entodon concinnus 

 
B Soil; tree trunks 

Amblystegium serpens  var. serpens Y tree trunks 
Eurhynchium pulchellum  var. barnesii B riparian; tree trunks 
Eurhynchium pulchellum  var. pulchellum Y tree trunks 
Dicranum fuscescens  var. congestum R tree trunk; riparian 
Stegonia latifolia  var. latifolia B tree trunk; soil 
Dicranum fuscescens  var. fuscescens Y tree trunk; various 
Amblystegium serpens  var. juratzkanum Y tree trunks 

 
 
Vascular plants    All vascular plants occurring in the region were not reviewed, rather we 
focused on the red and blue listed species.  None of the red- or blue-listed vascular plants use 
dead wood as substrate.   
 
2.2  Species using down wood or coarse woody debris  
Within the DFA, down wood provides denning and resting sites for mammals, cover for ground 
nesting birds and substrate for lichens, bryophytes and invertebrates.  Data are most complete for 
vertebrates.  Appendix 2 lists native vertebrates using down wood within the DFA and notes 
affiliations with BEC zones.  The species listed in Appendix 2 profit from the presence of down 
wood as cover, but there is little apparent evidence of threshold amounts (likely because other 
habitat features often substitute for down wood).  For many small mammals, including shrews 
and rodents, features such as rocks, earth burrows and shrubs often substitute for the cover 
provided by down wood, making reliance on down wood site specific.  Use of downed wood by 
furbearers and carnivores ranges from opportunistic to nearly consistent (species for which 
reliance on downed wood appears most consistent are designated in bold  in Appendix 2).   
 
The major features determining utility of down wood as habitat are decay state and piece size, 
primarily diameter.  Decay influences the suitability of downed wood for vertebrates as well as 
other groups of organisms using downed wood as substrate.  Recent fallen, undecayed downed 
wood can be used for cover by amphibians, several rodents, terrestrial shrews and small 
furbearers, and as perching sites for squirrels and birds (Lisgo et al. 2002; Maser et al. 1979).  
Logs with internal decay but hard exterior shells are favoured by several species.  Heart rots that 
produce hollow logs are initiated only in living trees, so trees providing such favoured sites must 
be allowed to die naturally.  Recent down wood also is an important structural element in streams 
and larger water bodies, even for terrestrial species such as water shrews (Sorex palustris; Craig 
and Wilson 2004).  As logs age, spaces under loose bark provide important thermal and security 
cover for amphibians and small mammals (Bunnell and Dupuis 1995; Maser et al. 1979).  More 
advanced decay classes of downed wood are colonized by insects and provide foraging sites for 
shrews, mice, birds and black bears.  Foraging sites for pileated woodpeckers typically are in 
advanced decay and full of carpenter ants (Bull and Holthausen 1993).  Small mammals burrow 
into heavily decayed logs to create nest sites, which are subsequently used by amphibians, 
weasels, and squirrels (Maser et al. 1979).  Like invertebrates, lichens and bryophytes show a 
natural pattern of succession as downed wood decays (see below). 
 
For most vertebrates, length of piece is largely immaterial – three adult short-tailed weasels will 
not seek cover under the same log.  When pieces are scattered, length determines total surface 
area available for mosses and lichens, and can influence the portion of ground covered, which in 
turn influences fungi and invertebrates.  Once pieces are piled, these relations no longer hold.  
The usefulness of downed wood to mammals is primarily influenced by diameter.  Generally, 
requirements of the smallest mammals such as shrews and mice can be satisfied by pieces as 
small as 6 cm in diameter (Craig 1995); however, larger species fisher may use logs >100 cm in 
diameter (Table 4).  Table 6 summarizes diameters reported for mammal species occurring within 
the TFL.  In all instances these values are not from boreal forest types, and frequently from forest 
types where trees are generally larger.   
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Amphibians :  All of the six amphibians occurring in the DFA (boreal chorus frog, Columbian 
spotted frog, long-toed salamander, Pacific tree frog, wood frog and western (boreal) toad) are 
aquatic breeders and do not  require down wood to breed.  All can be found in forests, but are not 
limited to forests.  We consider them all to be riparian species and generalists with respect to 
seral stage and forest cover type.  Down wood can provide cover from predators and desiccation, 
but other habitat elements from rocks to shrubs can substitute.  Even small diameters (<10 cm) 
can provide cover, and provide it best when scattered rather than piled. 
 
Reptiles : Both reptiles that occur in the northeast (common garter snake; Thamnophis sirtalis 
and western terrestrial garter Snake; Thamnophis elegans) are generalists that use many 
habitats and many seral stages (although earlier may be preferred).  Their responses to down 
wood are similar to amphibians: opportunistic use rather than required and profiting from small 
pieces, particularly when scattered. 

Birds :  Some bird species within the area will exploit down wood as shelter for nest sites (e.g., 
mallards, blue grouse, Townsend’s solitaire) but use is opportunistic.  The pileated woodpecker, 
however, forages intensively on insects in down wood.   
 
Mammals :  Among terrestrial vertebrates within the DFA, mammals are likely to be most limited 
by down wood. 

Table 6

Common Name Scientific name SBS SBPS SWB BWBS ESSF SS2 Cavity 3 Diameter 4
% Dead n % Hardwood n

Mammals

Order Chiroptera

Big Brown Bat Eptesicus fuscus X X X X G Sec 44.1 45.6 57 13.0 24
Hoary Bat Lasiurus cinereus X X X X L Sec 43.5
Little Brown Myotis Myotis lucifugus X X X X X L Sec 41.0 65.2 23 100.0 21
Long-legged Myotis Myotis volans X X X L Sec 100.0 90.2 54 0.0 41
Northern Long-eared MyotisMyotis septentrionalis X X X L Cv 43.6 64.3 56 0.0 7
Silver-haired Bat Lasionycteris noctivagans X X X X L Sec 51.8 72.0 50 100.0 50

Order Rodentia

Porcupine Erethizon dorsatum X X X X X G O
Northern Flying Squirrel Glaucomys sabrinus X X X X X M,L Sec 31.5 32.1 627 31.1 650
Red Squirrel Tamiasciurus hudsonicus X X X X X M,L O 33.2 50.0 22

Order Carnivora

Fisher Martes pennanti X X X X X L Sec/DW 71.3 50.0 30 45.1 35
Marten Martes americana X X X X X L Sec/DW 84.0 40.2 470 0.0 375
Black Bear Ursus americanus X X X X X G Sec ?/DW? 161.8 32.1 249

4 Mean diameter of nest trees at breast height.

3 Cavity type.  Sec = Secondary Cavity user (obligate), Cv = Cave or Crevice (may use cavities, especially during winter), O = Opportunistic; DW= may 
use down wood for dens

2  SS = Seral stage.  G = generalist species, showing little response to seral stage; species favored by particular seral stages at the landscape level 
are designated "E"(early), "M"(middle), and "L"(late).

Attributes of cavity sites used by mammals in TFL 4 8

BEC Zone 1       All forest types

1  Biogeoclimatic zones in British Columbia are described by Meidinger and Pojar (1991).  SBS = Sub-boreal Spruce, SBPS = Sub-boreal Pine-
Spruce, SWB = Spruce-Willow Birch, BWBS = Boreal White and Black Spruce, ESSF = Engelmann Spruce-Subalpine Fir.

 
 
Few data exist for northeastern British Columbia.  Data of Table 6 are from more southern forest 
types with larger trees.  For example, reported resting dens for the fisher in the vicinity of the DFA 
have not been from downed wood, but from standing trembling aspen and balsam poplar trees 40 
to 80 cm dbh (Weir 2006).  Likewise, the black bear occurs in the DFA but is expected to use 
earthen dens in the region.  For the other species present, the average diameter reported in 
Table 6 is 66.3 cm.  Because most mammals are larger than birds, we do not expect these data 
from other forest types to be as great an overestimate of requirements as they are for birds.  
Among species present and potentially using down wood within the DFA, marten and fisher are 
unlikely to use log less than about 30 cm in diameter as den sites. Currently, there is no evidence 
of downed wood being used as den sites by fisher in the DFA (Weir 2006).   
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Despite a significant body of work, obvious threshold volumes of downed wood have not emerged 
(Bunnell et al. 1999).  As a result, few studies have revealed strong relations between down wood 
volumes to species requirements (Carey and Johnson 1995), even when volumes were 
experimentally manipulated (Craig 2002; Craig et al. 2004).   Provided that effects of other 
variables, such as understory cover, are largely absent, estimates of volume may be useful for 
smaller species that use downed wood as cover.  However, other effects are usually present, 
distributions of volume are naturally highly variable and Craig (1995) reported that piece sizes of 
6 cm diameter were used by small mammals.  Other than as an indirect index of potential prey 
abundance, volumes are still less likely to reflect abundance of larger mammals (fisher and 
marten) which seek cover inside logs in many regions.  Diameter provides the best assessment 
of the utility of downed wood, especially for larger species.  
 
Freshwater fish :  Downed wood in streams confers several advantages to freshwater fish 
including provision of pools, riffles and food reservoirs (Lemly and Hilderbrand 2000; Pretty and 
Dobson 2004; Richardson and Neil1991).  Because of their greater durability conifer trees provide 
more useful down wood generally, and particularly within streams.  The SFM plan directs CanFor 
to meet or exceed legislated riparian guidelines which include buffers around larger streams and 
fish-bearing streams.  These buffers provide a source of deciduous and conifer trees to instream 
down wood.  Practices around smaller streams probably include Don  harvesting of most 
merchantable trees from the riparian zone, so down wood inputs to small streams should be 
evaluated more closely.  Don : check what they actually do around small streams and if down 
wood a concern.  The fish species listed below use small mountains streams at some point in 
their life cycle and thus likely benefit from the presence of woody debris in streams: 
   
Bull Trout Salvelinus confluentus 
Coho Salmon Oncorhynchus kisutch 
Arctic Grayling Thymallus arcticus 
Dolly Varden Salvelinus malma 
Rainbow Trout Oncorhynchus mykiss 
Brassy Minnow Hybognathus hankinsoni 

 

Non-vertebrate groups were evaluated to ensure that approaches developed for coarse-filter 
assessment of vertebrates was did not omit important metrics.  In British Columbia, knowledge for 
non-vertebrate groups using down wood as substrate is less complete than for vertebrates.  
Literature form other areas, however, indicate that metrics employed for vertebrates do express 
key relations determining habitat suitability, specifically decay state, tree species and diameter. 
 
Wood-inhabiting invertebrates:  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 (Grove and Stork 2000), and there 
are least twice as many species of dead wood inhabiting beetles as there are terrestrial 
vertebrates (Parker 1982).  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.   
 
Vertebrates use a range of decay classes in down wood:  mammals denning inside logs seek a 
sound outer shell, pileated woodpeckers forage on ants in advanced decayed classes, some 
amphibians burrow into only well-decayed wood, and even logs in very advanced decay can 
provide cover for small vertebrates.  Insects inhabit all stages of decay (review of Grove 2002).  
Wood-inhabiting invertebrates also exploit the entire range of tree species.  Insects colonizing 
living or freshly dead wood often show narrow host specificity (Hamilton 1978), but specificity 
declines as decay progresses although large differences remain between hardwood and conifer 
trees (review of Grove 2002).  Relations with piece size for insects are similar to those for fungi 
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and smaller pieces are exploited than is true of vertebrates.  Different diameters of down wood 
host different species assemblages.  Small pieces serve some species, but larger diameters host 
more species (Grove 2002) and are particularly important for species that are now rare and 
threatened (Warren and Key 1991).   
 

Fungi:  Fungi are the cause of decay so are present in all decay stages, but there is a natural 
succession of species as decay progresses.  Swedish studies have found that fungal species 
richness peaks in the intermediate stages of decay (class 2 and 3; Bader et al. 1995; Kruys et al. 
1999).  However, for the succession of decay and species richness to remain intact there must be 
continual recruitment of down wood on site.  Where forest has been practiced longer, as in 
Sweden, large portions of the threatened forest-dwelling organisms in Sweden are dependent on 
dead wood (Berg et al. 2004).  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 
(Berg et al. 2004).  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; Söderström 1988).  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.   
 
Some fungi species show strong preferences for either hardwoods or conifers (Rydin et al. 1997; 
Sippola and Renvall 1999).  Generally, hardwood logs will host fewer species than conifer logs.  
In Sweden, spruce logs hosted more fungal species than did aspen, birch or oak (Lindhe et al. 
2004).  Generally, host specificity appears to decline as decay progresses.  Among fungal 
species, host specificity is highest in living or newly dead wood (Kaila et al. 1994), and declines 
as wood is decomposed.    
 
Fungi profit from a greater range in size classes of downed wood and length of piece becomes 
more important than is documented for vertebrates.  Among fungi, small diameters host specific 
species, but larger diameter pieces support more species of fungi, including species specific to 
large pieces (Kruys and Jonsson 1999; Nordén and Paltto 2001).  In Danish beech stands, 
smaller pieces hosted more fungal species per volume than did larger pieces (Heilmann-Clausen, 
Christensen 2004).  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.” (Heilmann-Clausen, Christensen 2004).  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 
(Nordén et al. 2004).  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 (Amaranthus et al. 1994, Carey and 
Johnson 1995).  These species fruit below ground so spores are not dispersed by wind; they are 
generally dispersed by small mammals feeding on the fruiting body (Maser et al. 1978a; Maser 
and Trappe 1984; Carey and Johnson 1995).  Contact with the ground is important for 
colonization of new substrate and more forest floor is covered if logs are not piled.     
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Lichens :  Lichens are found on living trees, snags, down wood and shrubs; down wood appears 
to support the greatest richness among species restricted to one broad substrate.  The best 
current estimate of numbers of lichens occurring on woody substrates in the Pacific Northwest is 
356 species (Spribille et al. 2008).  Of these, 79 species occur only on dead wood without bark 
(at least 99% of recorded occurrences) and another 278 occur on wood and other substrates, 
such as bark or rocks.  In total, over 40% of species grow either on trees or bare wood (Spribille 
et al. 2008).  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 (Bunnell et al. 2008a).   
 
The best predictors of lichen suitability appear the same as those appropriate to vertebrates – 
decay state, tree species and diameter.  The lichen flora is generally richer and more abundant 
on logs of decay class 3, when logs are hard, with no twigs, only traces of bark and with little or 
no litter or moss cover (Bunnell et al. 2008a; Crites and Dale 1998; Jansová and Soldán 2006; 
McCullough 1948; Muhle and LeBlanc 1975; Rambo 2001).  Lichens attain their greatest richness 
on logs in the softer, more decayed portion of decay class 3 (Bunnell et al. 2008a).  
 
As noted for standing trees, many cryptogams are strongly associated with hardwood trees, 
primarily because of specific bark characteristics, which also influences host specificity among 
conifer species.   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 (Harmon et al. 1986).  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 (Harmon 1989).  Because epiphyte 
affinities to tree species are associated with bark characteristics (Barkman 1958; Culberson 1955; 
Kuusinen 1996), Bunnell et al. (2008a) suggested that they become less discriminating of tree 
species as the tree dies, loses bark and becomes partially decayed.  Wood chemistry could 
influence affinities of epixylic1 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 (Ǻs 1993; Mills and Macdonald 2005; Savely 1939). 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 (Spribille et al. 2008).   The presence of hardwoods, however, 
appears to increase the richness of both lichens and bryophytes in the area (Arsenault and 
Goward 2000; Gustafsson et al 1992; Kuusinen 1994).   
 
As for vertebrates, diameter appears to be the key measurement estimating thresholds for lichens 
on down wood.  Bunnell et al. (2008a) found a positive relation between diameter to downed 
wood and species richness of lichens.  The relationship is thus similar to that for fungi, bryophytes 
and invertebrates – larger logs support more species.  Length becomes important primarily for 
pieces of larger diameter, and may be particularly important for lichen species that disperse 
poorly when logs themselves are dispersed.  Length is uninformative when logs are piled. 
 
The following are lichen species potentially found in northeastern British Columbia that use dead 
or decayed wood (standing or downed):  
 

Icmadophila ericetorum Phaeophyscia orbicularis 
Trapeliopsis granulosa Physcia adscendens 

                                                
1  Epixylic organisms grow on wood, conventionally used to refer to bare wood without bark. 
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Ahtiana sphaerosporella Plastimatia glauca 
Candelaria concolor Cladonia bacilliformes 
Cavernularia hultenii Cladonia botrytis 
Cetraria chlorophyla Cladonia carneola 
Cetraria merriillii Cladonia cenotea 
Cetraria orbata Cladonia chlorophaea 
Cetraria platyphylla Cladonia coniocraea 
Parmelia sulcata Cladonia crispata crispata I 
Parmeliopsis  ambigua Cladonia deformis 
Parmeliopsis hyperopta Cladonia fimbriata 
Peltigera canina Cladonia gracilis 
Peltigera degenii Cladonia gracilis 
Peltigera horizontalis Cladonia multiformis 
Peltigera leucophlebia Cladonia pyxidata 
Peltigera membranacea Cladonia squamosa 
Peltigera neckeri Cladonia subulata 
Peltigera neopolydactila Cladoniav sulphurina 
Peltigera polydactylon Calicium glaucellum 
Peltigera praetextata Chaenothecea xyloxena 
Peltigera sp.1  

 
In terms of forest practice, it is not necessary to attempt to differentiate between species primarily 
associated with standing dead trees or with down wood.  These are simply different stages in the 
tree’s progression towards return to the soil.  Moreover, some lichen species are restricted to 
each stage, so each stage must be represent over larger areas.  The important issue is that forest 
practices should not intercept any stage, whether as standing trees or once on the ground. 
 
Bryophytes :  We encountered the same difficulties assessing substrate affinities for bryophytes 
as we did for lichens.  Two experts2 assigned habitats to those species for which they were 
confident among the approximately 860 moss species and subspecies listed by CDC as 
potentially occurring in BC.  The authors added to those habitats from information in Schofield 
(1992) and Ryan (1996) and summarized substrate affinities.  In many instances bryophyte 
species 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) or begin on the ground and expand into 
the upper canopy.  Just as for lichens, many mosses grow 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.  
Andersson and Hytteborn (1991) report 54 from boreal forest; Crites and Dale (1998) report 40 
species from aspen mixed wood forest; Humphrey et al. (2002) report 76 species from Britain 
when snags are included.  Exposed mineral soil, exposed by uprooted trees also hosts significant 
numbers of species in some areas (e.g., Ódor et al. 2005).  In British Columbia, substrate 
affinities of most bryophytes are incompletely described.  Given the diverse bryophyte flora of the 
province (Bunnell et al. 2006; Scholfield 1992,2002), the number of species associated with dead 
wood is undoubtedly large.  In coastal British Columbia, Baldwin and Bradfield (2005) reported 14 
species with affinity for logs, but more with affinity for branches, twigs and bark or that were 
generalists.  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 (Qian et al. 
1999).   Although total richness was not given, an average of 10.2 epixylic3 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; Rambo and Muir 1998).   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 (Christy 1992).  In terms of coarse filter analysis some bryophytes are closely 
associated with riparian habitats, but relatively few can be ascribed strong associations with 
specific woody substrates, whether with state of decay or specific tree species.  As for lichens, 

                                                
2 Patrick Williston  and Karen Golinski 
3 Epixylic refers to growing on wood; conventionally that means wood without bark. 
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that is not a hindrance to evaluation provided the evaluation focuses on continual provision of 
substrate within forest types.  
 
The major metrics for evaluation again are the same as those for vertebrates – decay stage, tree 
species and size of pieces of substrate.  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.  On down wood, bryophytes attain their greatest richness at 
more advanced stages of decay than do lichens, specifically decay class 4 or greater. By decay 
class 4, the moisture content of logs is higher and bryophytes can outcompete lichens (Crites and 
Dale 1998; McCullough 1948; Rambo 2001; Söderström 1988).  As for other non-vertebrate 
groups, these decay classes are more advanced than are favourable for most vertebrates. 
 
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, by 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 (Longton 1992).  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 (Crites and Dale 1998).  A 
key feature is that conifer logs provide longer-lasting substrate than do hardwoods. 
 
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 (Samuelsson et al. 1994).  
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 (Hansson et al. 
1992; Khanna 1964; Pharo and Zartman 2007).   
 
Table 7 summarizes moss species potentially occurring within the DFA and relying on down wood 
or related substrates.  The upper part of Table 7 lists mosses using logs or well decayed wood as 
their primary substrate.  Only a few of these species are known to occur in northeastern BC, 
Tortella humilis occurs on the north coast and may also occur inland.  Other moss species have 
been reported using exposed or upturned roots as their primary habitat.  These species likely are 
found on living or dead trees and down wood.    
 
Table 7.  Species of mosses potentially using down wood as their primary substrate and 
potentially occurring within the DFA. 
 

Species Subspecies 
BC status (red, 

blue, yellow) Primary habitat 

 Logs or well decayed wood 
Tortella humilis 

 
R log;rock 

Climacium dendroides 
 

Y logs 
Dicranum tauricum 

 
Y logs;various 

Tetraphis geniculata 
 

Y well decayed 
Tetraphis pellucida 

 
Y well decayed 

Tetraphis pellucida  var. trachypoda Y well decayed 
Exposed/upturned roots 

 
Dicranodontium asperulum 

 
Y roots 
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Campylium calcareum 
 

B roots 
Orthotrichum tenellum 

 
R roots;bark;deciduous 

Orthotrichum rivulare 
 

R shrubs;various 
 
 
Among the 19 species of liverworts we were confident occurred primarily in forested habitat, at 
least 10 occur on down wood (Table 8)  It is likely that liverworts that occur on tree trunks (listed 
in Table 4), also sometimes occur on recently fallen down wood.  
.   
 
Table 8.  Liverworts in British Columbia reported as occurring on down wood. 
 
Species Habitat 
Cephalozia catenulate Calcifuge 1 on rotten logs in humid lowland forests. 
Anastrophyllum 
hellerianum 
 

Usually on moist, well-rotted decorticated pine logs, sometimes on those of 
deciduous trees, rarely on stumps. In humid ravines and wooded valleys, 
occasionally on logs lying among shrubs. 

Calypogeia suecica Calcifuge, normally restricted to growing on decayed logs in humid forests. 
This species is confined strictly to densely shaded spruce-fir forests, where it 
occurs on moist or damp, shaded logs. 

Cephalozia macounii 
 
Lophozia guttulata Rotten wood. Lowland to subalpine. 
Lepidozia reptans Rotten logs in humid, shaded forests. Lowland to subalpine. 
Porella cordaeana 
 

On trees, usually associated with a weak calcium source. Common on maples in 
British Columbia. Lowland. 

Ptilidium pulcherrimum Usually on trees or fallen logs. Lowland to subalpine. 
Geocalyx graveolens 
 

Usually on well-decomposed logs or on the bark of living trees in open forest, 
sometimes on humus. 

Frullania bolanderi 
 

Epiphytic, especially on black cottonwood, bigleaf maple, Garry oak, red alder 
and Douglas-fir; also found on the decaying wood of these species. Dry to mesic, 
partially shaded forests. 

Cololejeunea macounii On bark of trees and shrubs, especially alder. 
Ptilidium californicum 
 

On trees; occasionally on rotten wood and rarely on rock. Dry to mesic substrates 
in partial shade. Lowlands to alpine. 

Cephalozia 
bicuspidata 

Calcifuge, in almost any shaded, humid habitat, often on rotten logs in humid 
forests. 

Bazzania ambigua 
 

It is common on the bases of tree trunks in shaded forests, on tree bases and 
logs, and occasionally on rocks, in woods. 

1  Califuges are plants that avoid alkaline or basic substrates. 
 
Substrate is not consistently recorded in records for non-vertebrate groups, so more species are 
almost certain be present on downed wood that are listed here.   
 
 
3  Natural patterns in dead wood   
CanFor has used natural patterns to estimate targets for features that influence how dying and 
dead wood is provided.  One of these is late seral targets.  Late seral stages are the major source 
of dying and dead wood.  Within its SFM plan for TFL 48 CanFor specifies late seral targets by 
Natural Disturbance Units (NDUs; Table 9).  The targets are based on work of Delong  (2002, 
2007), and where there were clear spatial distinctions between conifer and hardwood provide a 
separate target for each.   
 
Table 9.  Current late seral forest targets for TFL 48 by Natural Disturbance Units (NDUs) and 
major associated BEC variants.  
 
NDU  Late seral target  Associated BEC variants  
Boreal plains deciduous  10% BWBSmw2, BWBSwk1,ESSFmv2, SBS 

wk2 
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Boreal foothills  valley 
deciduous 

10% BWBS mw1, BWBS wk1, BWBS wk2 
SBS wk2 

Boreal foothills valley 
conifer 

23% BWBS mw1, BWBS wk1, BWBS wk2 
SBS wk2 

Boreal plains con ifer 17% BWBSmw1, BWBSmw2 (BWBSwk1, 
BWBSwk2, SWBmk) 

Bor eal foothills mountain  33% ESSFmv2, (ESSFwk2, ESSFwc3) 
Omineca valley  23% BWBSmw1, SBSwk2 
Omineca mountain  58% ESSFmv2 
Wet mountain  84% SBSwk2, ESSFwk2, ESSFwc3, 

ESSFmv2 
 
This needs a final check checked as well as I can, but needs Don 
 
Employing data derived from NDUs is helpful in planning because natural conditions represent 
the least equivocal benchmark available.  TFL 48 employs NDU/BEC combinations, which are 
particularly helpful because some species show strong affiliations with particular BEC variants 
and NDUs typically encompass several variants.  That condition results because BEC variants 
often reflect changes in elevation that may occur as a relatively narrow strip along sloping terrain, 
whereas NDUs reflect the pattern of natural disturbance.  In this area the major natural 
disturbance is fire, which shows little restriction to elevation and may range from valley bottom to 
upper slope.   As a result, on average, the NDUs may better reflect natural structural conditions in 
an area than do BEC units, although BEC units better reflect the presence of particular trees 
species and other organisms.  Moreover, NDUs are so large relative to the TFL that they could 
easily become misleading as targets if not stratified by BEC unit (e.g., the proportion of each NDU 
within the TFL varies from <1% to 43%).  As well, relationships employing BEC units apply to the 
TFL and can in some instances be generalized to other areas of the province whereas 
relationships derived for NDUs may prove more difficult to generalize to other Canfor areas. 
 
The major challenge to the use of NDUs as targets is that climate change undoubtedly has 
already shifted the disturbances used to define the boundaries of NDUs, whereas distribution of 
tree species defining BEC units will shift more slowly (other organisms resident in BEC units may 
shift more quickly in response to climate change).  While NDUs provide helpful initial estimates of 
appropriate targets, we have based the coarse filter evaluation largely on BEC units.  That is 
because organisms’ affinities for BEC units can be strongly expressed and there is less affinity for 
NDUs.   
 
The SFM plan for TFL 48 also relies on data derived from NDUs to estimate a naturally-based 
target for the cumulative amount of early seral stages and opening size during harvest.   Delong 
(2002, 2007) estimated both relative rates of disturbance and the distribution of patch sizes within 
disturbance areas for each NDU.  These estimates reveal a wide range: the percent of patches 
resulting from natural disturbance >1000 ha is 70% in Boreal Plains Upland area, 10% in Wet 
Mountains and 0% in Boreal Plains Alluvial (part of this difference is natural disturbance regime 
and part is relative area).  Using NDUs to establish early seral targets has similar advantages and 
disadvantages as noted for late seral targets.  There are more challenging difficulties in 
employing ‘opening size’ to evaluate effectiveness of dead wood contributions.   Specifically, 
sustaining portions of biodiversity sensitive to amounts and character of dead wood is often better 
assessed by the sizes of treed patches retained, than by the sizes of openings created.  When 
clearcutting with reserves is undertaken, even small retention patches (0.25 ha) can make 
significant contributions to species using dead wood and help reduce any negative effects of 
opening size.   Although, broad targets for early seral stages are appropriate planning guidelines, 
assessing the effectiveness of practice likely proceeds best by considering a range of patch sizes 
(see Section 4.1).   
 
Within its SFM Plan Canfor also has sought guidelines from nature in terms of tree species 
composition.  Currently, the principles in the SFM plan include sustaining forest composition 
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similar to that derived from natural baseline information.  Targets for forest type composition are 
based on the proportion of these types found in the landscape at the time of writing of the SFMP 
(2004).  Targets as percent of the DFA area are: conifer – 75 to 85%, deciduous – 9 to 15%, 
conifer mixed wood – 4 to-6%, deciduous mixed wood – 2 to 4%.  These guidelines will influence 
future composition of the contributions of conifer and hardwood dying and dead wood.  Because 
of their decay characteristics hardwoods make greater contributions to sustaining biodiversity 
when standing; they decay much more rapidly than do conifers once they have fallen.  
 
Targets for down wood also are derived from nature.  Figure 1 illustrates results of surveys of 
down wood in natural stands in terms of number of pieces in different size classes by BEC unit.  
From these data we can estimate the median piece size by BEC variant.  ATp of Figure 1 is 
Alpine Tundra parkland in which diameters of downed wood were too small to be recorded.  For 
all other BEC units and all units combined, the median diameter class is 2 (12.5 to 17.4 cm).  In 
natural forests larger pieces of downed wood are relatively rare (Figure 1).   It is likely this 
condition that has led to no observations of resting dens in down wood by radio-tagged fishers in 
the area.  It is apparent that targets derived from more southern forests comprised of larger trees 
are not applicable. 
 

 
Figure 1.  Natural diameter distribution of downed wood by BEC variant. Diameter distribution 
classes are: 1 = 7.6-12.5 cm, 2 = 12.5-17.4 cm, 3 = 17.5 to 25 cm, 4 = 25.1 to 50 cm, 5 = 50.1 to 
75.0 cm, 6 = >75 cm. 
 
 
4 Forest practices and dead wood 
Practices that can have a deleterious effect on amounts and kinds of deadwood within the DFA 
are those that: 

1) reduce the amount of older forest age classes over large areas (each forest type is  
significant to some species (Table 2); products of age, such as larger diameters and 
advanced decay, also are requirements for some species); 

2) convert significant amounts of hardwood or mixed wood types to conifer-leading 
types (decayed and dead hardwoods are preferred by species in several groups of 
organisms);  

3) fail to provide the full range of decay classes on a sustained basis in both conifer and 
hardwood types (different organisms seek different decay classes; even-aged 
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management with close utilization standards can produce gaps in the sustained 
provision of all decay classes); 

4) fail to provide sufficient dead wood of adequate size (see preferred diameters in 
Tables 2, 3 and 6); and 

5) fail to distribute dead wood in ways that meet organisms requirements.  
 
There is a sixth potential impact – the combined or cumulative effects of all actions.  The ways in 
which each of these effects can be influenced by forest practices and key measures of the 
potential impact are briefly reviewed before assessing current practices.  
 
4.1 Reductions in amount of older age classes of fo rest 
Reductions in the amounts of older forest impact forest-dwelling organisms relying on dead wood 
in three broad ways: i) reducing the numbers of trees and logs of larger diameters sought by 
some species; ii) reducing the numbers of trees and logs in more advanced decay states; and iii) 
reducing the number of larger patches of older forest that appear necessary for some organisms 
reliant on dead wood (e.g., some lichens and bryophytes).   
 
Diameter is important to birds in standing trees or snags and mammals in terms of downed wood.  
Whereas 23 cm dbh appears adequate for most of the cavity nesters, some mammals appear to 
require larger diameters for downed wood; see “4.4 Inadequate size” below. 
 
Loss of more advanced decay classes occurs differently in standing trees (snags) and downed 
wood (logs).  Depending on forest practices, trees with incipient decay may be felled as danger 
trees, leaving only trees in earlier decay stages.  When the broader data base across all forest 
types is considered, the large majority of cavity nesters occurring within the TFL rely primarily on 
dead trees as cavity sites (16 of 20 species for which data are available; Table 2).  Average use 
of dead trees across these 20 species is 68.5% (live trees were used about 30% of the time).  
Four species currently are reported primarily from live trees: American three-toed woodpecker, 
barred owl, hooded merganser, and yellow-bellied sapsucker.  The yellow-bellied sapsucker is 
the keystone primary excavator in the area, creating cavities for other species.  Recall, data are 
misleading for the woodpecker.4  Overall, at least one-third of nest trees for species preferring live 
trees are dead.  Among mammals the average use of dead trees as cavity sites ranges from 32.1 
to 90.2%, with an average of 54.6% (Table 3).  Most trees used are recently dead, in decay class 
3 (Bunnell et al. 2002a).  For all but the weakest cavity nesters, more advanced decay is a liability 
because the structure is less stable. 
 
For downed wood, utilization standards or other practices often remove wood from the site before 
it becomes decayed. Most species directly dependent upon well decayed down wood (> decay 
class 3) are small (e.g., bryophytes and insects), but insects provide food for larger species, such 
as pileated woodpeckers and bears.  The significant point is that to sustain the entire range of 
biodiversity using logs the entire range of decay classes are necessary.   
 
The third way in which reduction of the area of older age classes can impact organisms 
dependent on dead wood is by creating smaller patches of older forest with more negative edge 
effects.  Among species requiring dying or dead wood, there are no cavity-nesting birds that are 
negatively affected by edge and several species appear to prefer edge (Appendix 1). Nor are bird 
species exploiting downed wood as opportunistic nest sites negatively affected by edge.  Among 
the mammals exploiting dead trees or logs to meet their needs, only two species – southern red-
backed vole and fisher – have been reported to avoid edge.  In neither case is that avoidance 
pronounced (e.g.,  Mills 1995, Weir 2006).  Potential negative edge effects are thus largely limited 
to the smaller species – lichens, bryophytes, fungi and invertebrates that disperse poorly.  

                                                
4   Calculations of percent use of live and dead trees in Table 2 included only areas where both live and dead trees were 
available; the three-toed woodpecker makes extensive use of recently dead trees in severe burns where live trees are 
largely absent. 
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Negative edge effects have been reported for some species within each of these groups (Sillet 
1995, Esseen 2006).   
 
The simplest measure of potential effectiveness in providing dying and dead wood is amounts of 
forest in older age classes with some consideration for patch size.  Age must be old enough to 
permit trees of the required size (Section 4.4 below).  Trends in total area within which natural 
decay patterns persist, from onset of decay in living trees to incorporation of wood into soil, help 
to assess the ability to sustain the required range of decay classes (Section 4.3 below).  For 
patch size, the most appropriate guideline for sustaining biodiversity is to maintain a range of 
patch sizes of unmanaged forest within each broad forest type.  The simplest measure is patch 
size distribution of older age classes within broad forest types.  Three kinds of actions and 
decisions determine the distribution of patch sizes: 1) the distribution of patches within the NHLB, 
2) size of cutblocks determine dimensions of future patch size in the THLB or Timber Harvesting 
Land Base, and 3) small contributions to suitable area also can be maintained within harvested 
blocks by various retention patches (e.g., WTPs).  That is, both the NHLB (Non-harvestable Land 
Base) and THLB make contributions to provision of dying and dead wood.    
 
 
4.2 Conversion of significant amounts of hardwood o r mixed wood types to conifer-
leading types 
Among cavity-nesting birds, data are sparse for the northeast, but perhaps more revealing than 
data from southern forest types where hardwoods are less common.  Of the 33 cavity-using birds 
in the DFA, we have data from the northeast on type of nest tree selected for 30.  Of these 30, 
sparse data suggest that 6 are largely restricted to conifers, 9 largely restricted to hardwoods and 
15 show no pronounced preference (Table 2).  There are no northeastern data available yet for 3 
species.  Across all forest types, variables are inconsistently available (e.g., percentage of dead 
trees is reported more often than distinctions between hardwood and conifer).  For hardwood use, 
sample sizes discriminating between hardwoods and conifers were >15 for only 11 species [can 
this be improved?] No species was restricted to conifers, although the black-backed woodpecker 
very nearly is (1 of 81 nest trees; Table 2).  The brown creeper uses bark crevices rather than 
cavities and also is expected to be largely restricted to conifers (the current regional sample size 
of nest sites is 1).  Among the 15 species showing no strong preference for either conifers or 
hardwoods within the small northeastern data base, the broader data base shows a range in 
percentage of hardwoods used from 1.2% for black-backed woodpeckers to 89.9% for black-
capped chickadees, with a mean of 51.9% hardwoods.  The keystone excavator for the region, 
yellow-bellied sapsucker, has been reported exclusively from hardwoods.  Hardwood species are 
clearly significant sources of cavity sites.  As well, the larger data base including southern forest 
types reveals that nest tree diameters are generally smaller in hardwoods than in conifers, 33.2 
cm dbh compared to 61.7 cm dbh across all species.  The difference reflects the fact that 
hardwoods decay at younger ages and smaller sizes than do conifers.  As a result, hardwood 
species can provide cavity sites at smaller sizes and younger ages than do conifers.  The 
downside is that hardwood snags do not remain standing as long as do conifers. 
 
Twelve mammals occurring within the TFL use cavity sites in part of their range.  For most 
species, data are either entirely lacking or very limited for the northeast (e.g., Weir 2006).  The 
summary in Table 6 encompasses all forest types.  Mammals generally are larger than birds, so 
seek larger trees which commonly are conifers.  Among the 11 mammal species likely to use 
trees as cavity sites, 3 avoid hardwoods, 2 rely solely on hardwoods and use of hardwoods by the 
remaining 6 species ranges from 13 to 50% within types that often have few hardwoods (Table 
6).  Reported dens of fisher within the northeast have been limited to large black cottonwood and 
trembling aspen (Weir 2006).  Although conifers are preferred, dying and dead hardwoods make 
important contributions to sustaining mammals.   
 
Primary excavators create cavity sites only where decay already is present; mammals rely greatly 
on natural cavities where wood is sufficiently softened by decay that cavities can be enlarged.  
That means that to be useful to vertebrates, hardwoods most be older and large enough to host 
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cavities.  Larger diameters also increase species richness among fungi, lichens, bryophytes and 
invertebrates restricted to hardwoods particularly on or in down wood.  
The simplest measure to assess coarse filter effectiveness in provision of dying and dead 
hardwoods is the total area of hardwood leading or mixed wood stands.  To accommodate 
vertebrates this measure must consider age and size of the trees (section 4.4). 
 
4.3 Absence of the full range of decay classes with in conifer and hardwood types 
To sustain the full range of biodiversity, the full range of decay classes must be sustained in both 
conifer and hardwood types.  Fungi create decay and are thus present in every decay class, 
although the species vary.  Primary excavators require internal decay within a hard outer shell – 
the tree may be living or recently dead.  Secondary cavity-using birds rely on cavities created by 
primary excavators for about 80% of their cavities.  Weak excavators often rely on pockets of 
more advanced decay.  Cavity-using mammals also require a hard outer shell, but often require 
more advanced decay where wood is soft enough that they can enlarge natural cavities.  Once a 
tree has fallen there is a natural succession of organisms that reflects the decay state of the log.  
Lichens do best on hard logs that recently have shed bark; many bryophytes to better on logs of 
more advanced decay that are sufficiently softened that they retain moisture readily.  Some 
insects are specifically adapted to each decay class.  In short, the entire range of decay is 
necessary to sustain the full range of organisms. 
 
Forestry practices can intercept and remove opportunities for decay, creating gaps in the range of 
decay present.  For example, during clearcutting with close utilization standards trees are felled 
and most wood is removed from the site or piled and burned.  Some fine debris will remain, but 
there will be few larger pieces with the potential of hosting fungal succession and the entire range 
of decay.  They cannot be replenished until the regenerating stand has produced mature trees.  
There is then a gap in the range of decay present on site and organisms relying on some decay 
stages will disappear, at least temporarily.   Assessment of potential gaps in decay stage must be 
mindful of diameter and distribution of dead wood (see below).    
 
Given current knowledge, the simplest way to evaluate the ability to sustain the entire range of 
decay is to assess:  1) the area that permits the entire range of decay (e.g., reserved from 
harvest in the NHLB and as retention patches in the THLB), 2) extent and common dimensions of 
areas from which all wood >17.5 cm diameter is removed (large, contiguous young areas). 
 
4.4 Inadequate size of dying, dead and fallen wood  
Of the 33 cavity-nesting bird species occurring on TFL 48, an estimate of diameters of nest sites 
within the region are available for only 30 species, and sample sizes from northeastern BC are 
small (Table 2).  Of those 30 species, 9 appear to use nest trees >23 cm; 5 of these are ducks 
whose nesting is largely restricted to riparian areas, 2 are owls (the great horned owl uses 
cavities opportunistically), and 2 are excavators (pileated woodpecker and yellow-belled 
sapsucker).  For a further 7 of the 33 cavity-nesting birds, the mean diameter used is 20 cm or 
slightly less.  Regional data are limited or absent for some cavity-using species, and generally 
lacking for appropriate diameters of down wood and foraging sites required by tree-drilling cavity 
nesters.  For assessing coarse-filter contributions, broad estimates of appropriate diameters are 
summarized in Table 10. 
 
Table 10 .  Estimates of suitable diameters and densities of dead wood for TFL 48.   
 
 Living, dying & dead trees  Logs  
Species Group  Diameter # per ha Diameter # per ha 
Most cavity nesters >23 cm1 3     >17.5 ? 
Larger bird species, some mammals >30 cm1 0.2 >30 cm ? 
Lichens, bryophytes, insects >17.5 cm 3 >17.5 cm ? 
1  Derived from Table 2; the values for nest and den trees are the somewhat smaller than those recommended for the 
Omineca region by BC MoWLP (2005). 
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Estimates of Table 10 are reasoned estimates from review of the literature; we can be reasonably 
confident only about diameters.  Values in the table are intended to suggest values of habitat 
attributes at which at least 50% of the entire complement of the species group will be present.  
They are not targets for every hectare, but provide guidance in evaluating the coarse filter when 
addressing the contributions of smaller patches, particularly those within the THLB.  All estimates 
of numbers in Table 10 are for effectiveness of small patches, and are plagued by the issue of 
scale (see “Section 4.5 addressing appropriate distribution following).   Need to think about YBSA 
because it is keystone and mean nest tree diameter is greater than 25 cm. 
 
For the majority of cavity nesters diameter estimates are derived from Table 2.  There are few 
additional data on appropriate densities beyond  those reviewed by Bunnell et al. (2002c) and 
that is the source of the estimate for snag densities.  Only one of the cavity nesters present in the 
DFA also require logs – the pileated woodpecker forages on down wood.  The category ‘larger 
bird species and some mammals’ includes only a few species – opportunistic cavity nesters such 
as the great horned owl and mammals exploiting cavities in trees and down wood, such as the 
fisher and perhaps the marten.  These species may be restricted to a few BEC variants (e.g. ….).  
Smaller trees appear to provide adequate foraging sites for many insectivorous birds and 
substrate for epiphytic lichens and bryophytes.  Numbers of foraging snags required by 
woodpeckers are only reasoned guesses.  Likewise, most organisms dependent on advanced 
stages of decay are small and their ability to disperse is inadequately evaluated.   Among fungi, 
lichens, bryophytes, and invertebrates greater richness is supported by logs of larger diameter, 
but currently there is no reason to expect that pieces >17.5 cm are limiting in terms of size.   
 
 
4.5  Inappropriate distribution and density of snag s or down wood 
Evaluating distribution and density of dying and dead wood is plagued by the problem of scale.  
We treat distribution first to illustrate challenges that selecting an appropriate scale create for 
evaluation.  
 
Distribution:  Distribution has both spatial and temporal dimensions.  From the broadest to 
finest-scale, questions we ask about distribution are ordered:   
 
How do we sustain a continuous supply? 

Should actions be focused at the landscape or within stands?   
How should within-stand efforts be distributed?   

How much is necessary?   
What kinds?  

 
We addressed kinds above (sections 4.2 and 4.4).  Here we address the four broader 
questions.  The broadest scale of distribution relates to planning for the sustained 
contribution of dying and dead wood.  We know that if a 140-year-old tree is required 140 
years from now, it must be planted now and subsequently reserved from harvest.  Models 
that project the creation and duration of snags exist and reveal that the projected shortfall is 
large enough to significantly impact cavity nesters (Oliver et al. 1994; Wilhere 2003).  For 
example, projections in managed Douglas fir forest suggest 0.1 large snags per ha per 
decade, well below required levels (Wilhere 2003).  These models typically address the 
temporal scale and indicate that in some managed stands snags are not being created or 
replenished fast enough to ensure a continuous supply.  The solution appears simple – 
leave more trees to become snags.  Solution becomes more complicated when we include 
the spatial scale.  There usually are landscape-level reserves or set-asides (e.g., steep 
slopes, riparian areas, reserves for a particular species) that contribute snags now and in the 
future.  Trees and snags also may be retained within stands.  The challenge is then to 
determine what should be retained within stands given landscape-level reserves and the 
natural rates of snag creation or fall; and, how should within-stand retention should be 
distributed.   The bookkeeping and projection required are relatively simple.  We are 
hindered by two things: 1) we usually do not have good estimates of required rates (e.g., 
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snag creation or tree mortality rates, snag fall down rates, progression of decay or period 
when the snag is useful), and 2) it is difficult to estimate how much is enough because of the 
diversity in species’ responses and differences in foraging and nesting needs noted above.   
The simplest, but incomplete, assessment of sustained provision of dead wood is the total 
area of snag-producing forest reserved from harvest (NHLB). 
 
Where the choice has been made to retain snags and trees to become snags, the questions 
of where that retention should occur and what form it should take remain.  Retaining trees as 
landscape reserves or within harvest blocks have different costs.  We need to know whether 
they also have different consequences.  The shape of response curves relating cavity-nester 
abundance to proportion of forest retained permits evaluation of tradeoffs between stand- 
and landscape-level retention.  The response of cavity nester abundance could be directly 
proportional to the proportion of forest retained, above or below proportional, or reveal 
potential thresholds (Figure 2).   
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Figure 2.   Examples of response curves with abundances greater than proportional, less than 
proportional, or proportional to retention levels, or showing a sigmoidal or “soft threshold” 
relationship with retention levels.  The dot on the sigmoidal curve shows the point of inflection. 
From Huggard 2007. 
 
The nature of the response curve has implications to the distribution of retention: 

• Directly proportional (Figure 2, black line) implies that within-stand and landscape-level 
retention contribute equally.  The total abundance of the species in a landscape depends 
only on the total retention level, whether this is retained within stands or in landscape 
reserves, or in a combination of the two.    

• Above proportional to the amount of cover retained indicates that within-stand retention 
during harvest is creating greater opportunities for the species within each stand.  For 
example, in Figure 2 (green line), retaining 20% of trees in a cutblock maintains a species 
at 40% of its abundance in uncut forest.  That supports using retention in cutblocks at the 
stand level.  For a given total amount of retention, stand-level retention maintains a 
greater abundance of the species across the landscape than would alternative strategies, 
such as retaining the same total amount in large reserves and clearcutting the harvested 
stands (all else being equal).   

• Total abundance less than proportional indicates that landscape-level retention is 
favoured because retention is less useful when ‘diluted’ within individual cutblocks.  For 
example, in Figure 2 (red line), 20% retention maintains the species at only 5% of its 
abundance in uncut forest. To sustain such species it is better to allocate a given 
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retention level to larger reserves rather than stand-level retention (again, all else being 
equal).   

 
The most helpful response to management is a threshold response – that is, a sudden 
decline in a species’ abundance when amount of a habitat variable drops below a particular 
value (Bunnell and Dunsworth 2004; Lindemayer and Luck 2005).  If well-defined thresholds 
existed, they could help guide choices of target levels of retention.  However, the many 
sources of variability in natural systems means if thresholds occur there are more likely to 
occur as softer, sigmoidal-type relationships (Figure 2, blue line; Bunnell and Dunsworth 
2004; Lindemayer and Luck 2005).  Whereas a hard threshold reveals a clear target value, a 
sigmoidal response or ‘softer’ threshold suggests a mixed strategy of stand- and landscape-
level retention, or of higher and lower retention levels in cutblocks.  The practical point in this 
case is whether the relationship has a point of inflection, where abundance changes from 
more to less rapidly increasing as retention levels increase.  For example, with 20% overall 
allocation to retention, the sigmoidal relationship in Figure 2 implies the best strategy would 
be to retain 35% in about half the stands with minimal retention in the rest.  
 

a) b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
c)       d) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Responses of cavity nesters to amount of within-stand retention of trees. a) The 
response of the northern flicker is neutral. b) The yellow-bellied sapsucker shows a relatively 
sharp lower threshold. c) The boreal chickadee’s response is proportional. d)  Response of the 
brown creeper is greater than proportional in coniferous forest types but less than proportional in 
deciduous or hardwood types (adapted from Huggard 2007b) 
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In fact, most conceivable shapes of response appear in nature (Figure 3).  All species in 
Figure 3 occur within the DFA.  The northern flicker does much of its foraging on the ground 
and its abundance is little affected by amounts of forest retained within a stand (Figure 3a).  
It is the only species for which the confidence intervals do not contract towards zero 
abundance at zero retention, reflecting foraging activity in the absence of retention of 
standing trees.  The response of the yellow-bellied sapsucker suggests an uncommonly 
sharp threshold about 10% retention and a response at low levels of retention that is above 
proportional (Figure 3b).  That response indicates that relatively low levels of within-stand 
retention help sustain this keystone excavator.  Because response of the boreal chickadee is 
proportional to total retention (Figure 3c) it does not matter whether the retention is within 
stand, at the landscape level or a combination.  Within-stand retention creates greater 
opportunities than would the same amount of retention in larger reserves for brown creeper 
when in conifer forest.  In hardwood forests the brown creeper responds differently (Figure 
3d). For the creeper in hardwoods, relying on scattered retention within individual cutblocks 
is less suitable than larger blocks of the same total amount.  That may result simply because 
the creeper’s uncommon nesting requirements are found rarely in hardwoods and more 
likely to be encountered in larger areas. 
 
Few generalities are apparent among the 15 cavity-nesting species for which meta-analysis 
was possible: only 1 species (brown creeper in hardwoods) showed a response less than 
proportional to retention; 5 species showed neutral responses (these sometimes limited to 
particular seasons or regions); the majority profit from some within-stand retention.  For 
some species retention had no apparent affect until it reached levels of 15 to 20% of the 
original volume; others profited from some opening of the canopy.  The combined response 
plus 95% confidence intervals is illustrated in Figure 4).  
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Figure 4.  Combined response of 15 cavity-nesting species to percent forest retained. a) Total 
abundance.   b) Similarity of the bird community in the retained forest to uncut controls.  Methods of 
Huggard (2007). 
 
In Figure 4 the ‘community’ is a composite of the 15 species of cavity nesters analyzed, each 
standardized to the 100% abundance in uncut forest.  Such a community would not exist in 
any actual location.  It shows that even small amounts of harvest eliminate some species 
locally, but over a wide range of retention most species are present, with a few species 
occurring much more commonly at high retention levels.  Four of these species favoured by 
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higher retention levels– boreal chickadee, brown creeper, downy woodpecker and red-
breasted sapsucker – occur in the DFA.  They help to produce wide confidence limits at the 
upper end of retention.  Clearly, some cavity nesters profit from opening of the canopy 
(abundance greater than that in uncut forest), and other than for a few species little is gained 
in abundance is attained beyond 30% retention (Figure 4a).  Collating data from several 
sources ensures wide scatter at the lower end, so confidence limits to not converge to near 
zero at zero retention (the northern flicker would remain an exception).  There is no clear 
threshold across cavity nesters other than little is gained beyond 30% retention and most of 
that benefit is accrued within the first 20% (Figure 4a).  Nor is there a general response 
suggesting that landscape-level or stand-level retention is more generally favoured (Figure 
4), though within small areas most species benefit from even small amounts of retention.   
 
Whatever the approach to retention, trees retained within a treatment unit can be distributed 
in groups or as scattered individuals (dispersed retention) or as a mix of both.  Review of 
studies that permitted such comparisons revealed three major patterns (Bunnell et al. 
2000d).  First, secondary cavity nesters were more abundant in areas experiencing some 
timber removal than in mature or old-growth forests.  That increase likely reflects the fact 
that many secondary nesters forage more effectively in openings and accounts for the 
increase in abundance a mid-levels of retention in the combined response of Figure 4a.  
Second, although dispersed retention of snags (high levels of removal) increased 
abundance and richness of secondary cavity nesters beyond that found in mature and old-
growth forests, abundance of primary excavators was reduced.  This response likely 
accounts for the increase in combined species similarity at the highest levels of retention in 
Figure 4b.  Group retention better sustains primary excavators.  Third, in most instances the 
abundance of primary cavity nesters was little affected by partial harvesting, and in some 
instances increased in abundance.  That may reflect the fact that several primary excavators 
also favor small openings and edges (e.g., hairy woodpeckers, northern flicker, three-toed 
woodpecker, and perhaps downy woodpecker).  The major implication of these findings is 
that coarse-filter evaluation should recognize the value of even small patches, and practices 
should….. 
 
Far fewer data are available to evaluate potential effects of distribution of down wood.  [not 
yet drafted; address piles for mustelids and other organisms] 
 
Density:  Because natural levels of dying and dead wood are assumed adequate, density 
estimates or targets apply only to managed stands.  For snags, more recent data do not alter 
conclusions of the review of Bunnell et al. (2002d).  They found that most variation in cavity 
nester response to snag density was due to sizes of the snags.  When limited to larger snags 
they obtained a relationship over seven studies that suggested an asymptotic response, with 
about half the full density of cavity nesters occurring about 2.5 large snags per hectare within 
relatively small areas the size of a treatment block.  That form of response is expected among 
territorial species limited by other resources, such as food or space.  As the snag density 
increases, other required resources become more important until finally scarcity of other 
resources limits bird density.  All studies were from more southern forests.   
 
The response was consistently expressed: each individual study showed an initial increase in 
cavity-nester density with increasing snag density.  That merely affirms that at low densities 
snags do become limiting, particularly at 1 or fewer large snags per ha.  The fact that the relation 
is asymptotic (gradually levels off) simply shows that the response is consistent with limitation by 
substrate abundance.  Small differences would shift the estimated half-saturation value between 
2 and 3 large snags per ha.  Moreover, relationships for some smaller individual bird species 
were more linear.  Within stands ranging from scattered seed trees to unmanaged, density of 
snags 25-50 cm dbh was a strong predictor of red-breasted nuthatch and ??chickadee densities; 
r2 = 0.94 and 0.83, respectively (Bevis 1996).  These linear relationships may indicate nest site 
limitation, or they may reflect better foraging opportunities in stands with more snags (e.g., older 
stands with more insects versus thrifty managed stands).  Red-breasted nuthatches and 
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mountain chickadees increased dramatically and linearly as mountain pine beetles killed more 
conifers and provided more food.  As more of the conifers were killed, the numbers of conifer 
snags continued to increase, the numbers of beetles diminished and so did the nuthatches and 
chickadees (Martin et al. 2006).  Although the density of conifer snags increased greatly, the birds 
continued to nest primarily in aspen; food was a more influential variable than snag density. 
 
Current analyses are helpful to the extent that they reveal that low snag densities are limiting and 
that about 2.5 large snags per ha support 50% of the density of cavity nesters found in 
unharvested forest.  Current snag-retention guidelines for most North American forest types fall 
between 1 and 10 large snags/ha, converging around 6 to 7 trees/ha (Hutto 2006).  These 
guidelines derive primarily from work in the Blue Mountains of Oregon and are expected to 
sustain the full complement of cavity nesters (Thomas et al. 1979: Appendix 22; Bull et al. 1997).  
Because of the great variation in the data, these guidelines differ little from an asymptotic relation 
with a half saturation of 2.5 large snags per ha.   
 
There is a problem however.  Although small and large snags are both important to cavity 
nesters, nesting densities likely correlate better with large snag densities than with densities of all 
snags.  For example, in the coastal rain forest of British Columbia densities of all snags did not 
differ between old-growth sites and 70-year-old second growth (34.8 and 33.9 snags/ha, 
respectively (Bunnell and Allay-Chan 1984).   Because snags were larger in old growth, the 
proportion of snags used was about 12 times greater (16.0%, compared to 1.3% in second 
growth).  Median diameter was about 18 cm dbh in second growth and 62 cm dbh for nest trees 
in old growth.  Relations derived from the Blue Mountains and Bunnell et al. (2002d) address 
nesting and consider larger snags.  Woodpeckers, however, tend to forage on many more smaller 
snags than the single larger snag in which they nest.  Smaller snags that represent foraging sites 
but are inadequate for nesting, were present in all studies analyzed and undoubtedly influence 
the apparent response to snag density.  Their abundance often is not reported.  The number of 
small snags required and the preferable distribution of such snags remains obscure.  The former 
is troubling because small snags are necessary foraging sites for many species.  The latter can 
be evaluated only partially by the more integrative measures of retention, including distribution 
(e.g., Figure 3).   
 
Because rot within living trees is more common among hardwoods than among conifers, snag 
density is less important in hardwood stands.  Within mixed forests of hardwood and conifer, five 
of 6 cavity-nesting species responded dramatically to a mountain pine beetle epidemic and 
increased foraging opportunities (Martin et al. 2006).   Although the number of conifer snags 
increased dramatically, the birds continued to locate 95% of their nests in living or recently dead 
aspen.  Densities of the five cavity nesters responding increased 5- to 6-fold with little change in 
density of hardwood snags.  Black-capped chickadees, which did not change in density, forage 
primarily on insects found on living trees, showed no response to increasing numbers of beetles 
or conifer snag density until most trees were dead when they declined in abundance.   
 
For down wood both amounts and appropriate metrics are unclear. [not yet drafted; volume issue] 
 
In summary, it is apparent that snags can be limiting and that 2 to 3 appropriately-sized snags per 
ha appear to sustain about 50% of the natural cavity-nesting community locally ( within 
treatments) recalling that those numbers come from areas where small snags were present.  
Individual species, however, show a variety of responses (Figure 3), with broad generalities 
apparent only between primary and secondary nesters.  Moreover, it is much less clear how 
much of the forest should have what snag densities.  Sustained provision of habitat will differ 
among forest types and the rates at which snags are produced, decay and fall.  Data of Figure 4, 
suggest that retaining 20% of pre-harvest area or volume retains many cavity nesting species, but 
several require large blocks of cover while others, including important primary excavators 
(northern flicker), benefit from openings.  Estimating total snags required must recognize that 
smaller snags are used as foraging sites, and foraging sites are sometimes more limiting than 
cavity sites (Walankiewicz 1991; Welsh & Capen 1992).  More dead or dying wood than required 
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for nesting is needed to sustain all cavity-nesting species.  Moreover, through provision of 
perching, foraging and hawking sites, snags of all sizes tend to increase richness and abundance 
of birds other than cavity nesters (Dickson et al. 1983; Scott 1979).  Estimates of numbers in 
Table 10 are no more than reasoned guesses.  Redraft – include downed wood – wanders from 
coarse filter 
 
 
5  Probable future status of dead wood 
The probable future status of dead wood is assessed for each of the potential impacts noted. 
 
5.1 Amounts of older forest 
Within its SFM plan for TFL 48 CanFor specifies late seral targets by Natural Disturbance x BEC 
Units (Table 9).  Implementation monitoring should employ these combinations of NDU and BEC 
units when tracking how well targets are being met within the DFA.  We noted earlier our rationale 
for using BEC units to evaluate effectiveness of coarse filter approaches to sustaining 
biodiversity.  We limited our assessment of probable effects of forest practices to the 5 variants 
where the area of recent forest (< 30 years old) exceeds 2,500 ha, and where future harvest is 
likely to be concentrated.  [asked Don ] 
   
There are four steps to assessing whether coarse filter approaches appear adequate in 
sustaining total amounts of older forest: 

1) Determine a biologically meaningful lower age boundary for ‘older’ forest. 
2) Determine the area of older forest by broad forest type within major BEC variants. 
3) Evaluate the patch size distribution within older forests. 
4) Evaluate apparent trends in amounts and patch size distribution. 

 
 
1)  Biological minimum age of older forest. 
Ages of seral stages intended to reflect ecological contributions are necessarily fuzzy (Boyland et 
al. (2006).  We discuss determination of biologically meaningful age classes in Section 5.4 ‘Size 
of dying, dead and fallen wood’ below.  Guided primarily by diameters of trees sought by cavity 
users, we concluded that informative minimal ages for older forest were 90 years for hardwood 
and mixed wood stands and 140 years for conifer-leading stands (Section 5.4).  Data of other 
organism groups suggested did not alter these estimates.  These values are derived from 
quadratic mean diameters of conventional age classes.   Because of the range of natural 
variation for diameter, needs of many cavity nesters within conifer stands will often be met in 
younger age classes.  
 
2)  Determine the area of older forest by broad forest type within major BEC variants. 
We calculated area of older forests within BEC variant by major forest type for all BEC variants.  
Harvest is not equally distributed across variants; we illustrate findings only for the BEC variants 
in which the area of recent forest (< 30 years old) exceeds 2,500 ha.  The amount of recent forest 
is an index of harvest intensity but also includes areas created by fire or other natural 
disturbance. 
 
Both NHLB and THLB can contribute to older forests, the former will not be scheduled for harvest.  
An overview of all older forest in the DFA, including the area of forest currently reserved from 
harvest (NHLB) for various reasons is summarized in Table 11.  Because of changes in species 
composition during early stages of succession stands <30 years old cannot be assigned a forest 
type.  Amounts of older forest in the THLB will change as harvest progresses and with natural 
disturbance.  Amounts in the NHLB will change with natural disturbance and aging of younger 
stands currently in the NHLB.  The NHLB provides the most secure contribution to older age 
classes.  Therefore our basic assessment of adequacy of old forest in the long term focuses on 
the NHLB.   
 
Table 11.   Areas of different habitat types within TFL 48 (ha) as of 2004.   
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 THLB Age (ye ars)  

NHLB >90 All NHLB  Habitat Type  0-30 31 to 90   >90 
Recently cut  41309 NA NA NA NA 
Conifer leading NA 47838 1018361 461841 149964 
Hardwood leading NA 18499 16807 11039 25036 
Mixed wood NA 10025 16539 9637 17166 
1 Age class for conifers is 140 years plus.  
 
Ignoring the recently disturbed areas, the proportion of older NHLB for the three major forest 
types is  15.4% conifer leading [ 46184/299638], 18.3%  hardwood leading [11,039 /60,340], and 
22% mixed wood [9,637/43,730](Table 11).  The older NHLB represents ‘minimal’ amounts of 
older forest; the THLB cannot all be harvested at once.  Figure 5 offers a combined view of NHLB 
plus THLB.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 

 
Figure 5.  Area of older forest (>90 yrs for 
hardwoods and mixed wood; >140 yrs for 
conifers) by major forest type and occurrence 
within the THLB and NHLB. Only those 
variants for which at least 2,500 ha are in the 
recently disturbed (<30 years old) are 
illustrated.   

Figure 5 illustrates combined amounts of older forest in the THLB and NHLB by major forest type 
for the five BEC variants having the greatest recent disturbance.  The largest area of young, 
recently disturbed forest is within the SBSwk2 (13,201 ha Arnold request 3).  Older forest 
comprises 33,295 ha of which 57% is conifer leading (Figure 5).  About 31% of older forest is 
within the NHLB.  Among all five most disturbed variants, 30% or more of the older forest is in 
NHLB in all but the ESSFwk2 (22%).   It is unclear whether they can be scaled up, but relations of 
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Figure 4 suggest a value of about 30% older forest to maintain the full complement of cavity 
nesters.  While not all of the THLB will be harvested at once, a precautionary approach suggests 
that some retention is required in the managed forest to ensure maintenance of all cavity-using 
species.  
 
Figure 5 represents a ‘snapshot’ in time and its major contribution is towards evaluating trends.  It 
is nonetheless informative and  illustrates three points.  First, the TFL is predominantly conifer 
and for most variants in the TFL older age classes are predominantly conifer (the BWBSmw1 is 
an exception).   Second, natural distribution of hardwoods is not even across variants – they are 
much less well represented in the ESSF than in the BWBS or SBS.  Third, the relatively small 
amounts of hardwood and mixed wood types evident in Figure 5, suggests that older hardwoods 
could become limiting.  Given that many cavity nesters present prefer hardwood trees, small 
amounts of older hardwood are potentially significant.  However, although hardwoods are sought 
as nest sites (Table 2), hardwoods are common in small amounts within conifer leading stands, 
and a cavity nester needs only a single large tree in which to nest.  The data do emphasize the 
disproportionate contribution hardwoods make to sustaining biodiversity.   
 
The usefulness of data in Figure 5 will emerge as forest management continues.  Current 
amounts of older forest generally appear adequate and are significantly buffered by amounts in 
the NHLB.  The older THLB also contributes and is unlikely to be shifted to predominantly 
younger age classes so quickly that older stands are not recruited.  The practice of retention 
helps ensure that species dependent on older stands will remain well distributed.  Guidelines for 
retention within the SFM plan are that the cumulative wildlife tree patch % will be at least 8% by 
BEC sub zone.  Currently, for all BEC zones 20,644 are under prescription and  2,626 ha are in 
WTPs (13% across the tenure). 
 
A remaining issue is how is this total amount distributed – that is, are patch sizes adequate? 
 
3)  Patch size distribution within older forests. 
Forest practices create patches in three broad ways: 1) by reserving forest in different sized 
blocks or patches within the NHLB, 2) by creating future patch sizes by implementing cut blocks 
in the THLB (thereby also altering the size of pre-harvest patches), and 3) by retaining patches of 
various sizes within cut blocks.  That is, both the non-harvestable land base (NHLB) and timber 
harvesting land base (THLB) can contribute to sustaining dead wood; the latter through various 
forms of retention.  There is little unequivocal guidance on patch size, or how amounts of older 
forest should be distributed to best support biodiversity.  Science provides only broad guidelines 
for patch distribution within the NHLB and THLB: a range of patch sizes is preferable.  Estimates 
of the distribution of patch sizes in naturally disturbed areas reveals large differences among 
NDUs and provides general guidance to planning and operations.  These estimates provide a 
useful general ‘target’ indicating in which NDU x BEC unit combinations patch sizes are generally 
larger or smaller, but offer no further contribution to evaluating effectiveness.  Guidelines for 
retention patches within the THLB can be more explicit than for larger blocks across the 
landscape: 1) retention patches are large enough to permit retained trees >23 cm to die naturally 
and fall to the ground (this permits sustaining the full range of decay classes), and 2) where 
snags are retained as stubs, these also are allowed to die, fall to the ground, and remain on site 
as logs.  
 
We examined the distribution of patch sizes using five size classes we considered biologically or 
socially meaningful.  The smallest size (<2 ha) is less applicable to the NHLB and is poorly 
represented there.  It was chosen specifically for the THLB on the basis of estimates for the 
smallest effective size for sustaining snags in retention patches within the THLB; it is no more 
than a reasoned estimate from coastal data.  Assuming a tree height of 30 m and a no-work zone 
of 1.5 times tree height the smallest patch sustaining a single tree is about 0.16 ha.  We suggest 
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that the lower boundary for effective patches should be set at 0.25 ha,5 until further evaluated.  
No patches less than 0.25 were tallied (in most instances these are GIS ‘slivers’).  The patch size 
class of 2-10 ha encompasses home range or territory size of many forest-dwelling species; 10 to 
40 ha reflects a common regulatory constraint restricting size of cutblocks to 40 ha.  The sizes 40 
to 100 ha and 100+ ha reflect two classes that clearly contain interior forest conditions, the latter 
contributing to even the most wide-ranging species.  Patch sizes within the NHLB in 2004 and as 
projected under the 20-year plan are summarized in Figure 6.    
 
Rather than use more complex models, our projections are based on the existing 20-year plan.  
To project the broad forest types 20 years into the future, the landscape age was projected and 
Canfor's Management Plan 4  (20-year plan) was used to reset the age of future harvested areas. 
The projected age was calculated by successively adding 5 years at 4 different periods to the 
current age (2004).  Four periods were used, because Canfor's 20 year plan identifies harvesting 
at 5 year intervals.  After calculating the new age, the areas of projected broad forest types were 
determined. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.    Current and projected patch sizes of areas within the NHLB for recently disturbed 
areas and older forest for the three major forest types.  Projected areas derived from CanFor’s 
20-year plan for TFL 48.   
 
 
Figure 6 illustrates that in the absence of fire or other natural disturbance the area <30 years old 
decreases for all patch sizes, and areas >90 years old increases in all patch sizes as trees age.  

                                                
5  This value is consistent with BC MoWLP (2005) for the Omineca Region, based on reasoned estimates from coastal 
experience. 
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We cannot predict the impact fire or other natural disturbances will have, but existing data 
suggest no negative trends.  It is apparent that hardwood and particularly mixed wood types 
occur in relatively small patches within the NHLB (Figure 6). 
 
A problem with simple projections is that natural disturbances cannot be predicted well; they are 
excluded from Figure 6.  Given the omission of natural disturbance, the area younger than 30 
years old decreases.  Similarly, the area in older forests for all patch sizes tends to increase.  
Data of Figure 6 are again a ‘snapshot’ of current conditions.  Their utility to guiding planning and 
practice is dependent on future monitoring.  They document that presently, patch sizes of 
younger forest within the NHLB are predominantly small and that the larger patch sizes of older 
forest are better represented within conifer stands and least well represented in mixed wood 
stands (Figure 6). 
 
4)  Apparent trends in amounts and patch size distribution. 
We evaluated potential trends by comparing ‘current’ (2004) values for areas of older forest with 
amounts projected with application of CanFor’s 20-year plan for the TFL (Table 12).  Variants with 
the largest area of younger stands (<30 years) are illustrated.  In most instance the amounts 
increase somewhat, despite forest harvesting.  This occurs for two reasons: 1) ingrowth of 
younger trees into the older age class, and 2) the projection does not include disturbances such 
as fire.   
 
Table 12 .  Current and projected areas (ha) of older forest (>90 years for hardwoods and mixed 
wood; >140 years for conifers) in the THLB and NHLB.   
 

 
Variant 

THLB NHLB 
Conifer > 140  Hardwood  > 

90 
Mixed wood > 

90 
Conifer > 140  Hardwood > 

90 
Mixed wood 

> 90 
2004 +20 

yrs 
2004 +20 

yrs 
2004 +20 

yrs 
2004 +20 

yrs 
2004 +20 

yrs 
2004 + 20 

yrs 
BWBSmw1 5110 9959 12921 16773 10788 7328 1815 3950 8500 12768 5297 6518 
SBSwk2 19129 25199 771 1109 3189 3283 6420 9724 1169 2140 2617 4142 
ESSFmv2 36117 43588 0 62 398 517 18574 26145 181 396 565 1031 
ESSFwk2 18540 19358 0 10 152 183 4968 6358 60 170 260 577 
BWBSwk1 2953 5836 719 1261 1288 1188 916 1896 495 1096 590 990 

             

Total 81849 103940 14411 19215 15815 12499 32693 48073 10405 16570 9329 13258 
% change  +27.0  +33.3  -21.0  +47.0  +59.3  +42.1 

 
 
Given the number of events that influence harvest schedules even a 20-year projection is unlikely 
to be correct, particularly with regard to individual cutblock boundaries.  The potentially troubling 
trend is the impact of fire and other natural disturbance.  The annual rate of burn DON   
 
Current analyses suggest no current shortfall in amounts of older forest, but indicate a large 
reduction in mixed wood forest over the next 20 years, particularly within the BWBSmw1.  
Whether this is an artifact of projection or a consequence of silvicultural practices ‘unmixing’ the 
mixed wood is unclear.  Given the value of mixed wood stands in sustaining biodiversity, it 
suggests the potential trend merits high priority in long-term monitoring.   
 
While there are few troubling trends for total amounts of older forests, the issues of distribution or 
patch size remains.  We evaluated changes in patch size within the THLB by broad forest type 
within those variants where younger age classes are most abundant and future disturbance is 
most likely.   Don to affirm    Current and projected area within different patch size classes for the 
NHLB is illustrated in Figure 6.   We also assessed number of patches and the total area they 
comprised for the 5 patch-size classes within the THLB.  Amounts of area for selected forest 
types and variants for the THLB are illustrated in (Figure 7); the entire analysis is available [where 
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to locate?how big? appendix or web link?].  Current projections are hindered by omission of lack 
of natural disturbance and uncertain projections of resultant forest types.  For example, within the 
MWBSmw1, the area of conifer leading types >140 years old increases with a tendency towards 
increasing patch size, while the mixed wood type >90 years old decreases in total area with a 
tendency towards smaller patch sizes.  Within this variant, the amount of recently cut areas 
increases, as does patch size (Figure 7).  These tendencies, however, are not general across 
variants, other than an increase in the area of older conifer forest (which may simply reflect the 
omission of natural disturbance.  Potentially troubling implications are reductions in the total area 
of mixed wood (e.g., BWBSmw1 and SBSwk2) and average patch size (e.g., hardwoods in 
SBSwk2).  Potential thresholds for ‘unmixing’ mixed woods are currently being evaluated (Bunnell 
et al. 2008b).  Check whether WTPs are showing up.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These projections of the current SFM plan suggest that trends in total area of older mixed wood 
and hardwoods, while not a present concern, merit monitoring.  For hardwoods, patch size is a 
lesser concern than is total amount, but a gradually diminishment in patch size is undesirable.  
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Figure 7.   Examples of changes in total areas of patches of different sizes in the more 
commonly disturbed variants by forest type on TFL 48.    Current are values in 2004; projected 
values are derived by projecting the 20-year plan. 
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For example, the current projected distribution of patch size of older hardwoods in the SBSwk2 is 
unlikely to produce problems within 20 years, but would if the apparent trend continued. 
 
Preceding analyses provide an assessment of current amounts of older forest and trends in 
amounts of older forest from the perspective of sustaining biodiversity.  They did not consider the 
targets set by CanFor within its SFM plan.  The SFM plan sets percentage targets for late seral 
by NDU x BEC combinations and we evaluate biodiversity by BEC unit.  In Table 13 we consider 
attainment of targets by assigning the dominant NDU to individual BEC units.   
 
 
Table 13.  Percent of late seral forest in 2004 and after implementation of current 20-year plan for  
variants in which areas less than 30 years old exceeded 2,500 ha in 2004.  The target percentage 
is that of the most abundant NDU in the variant (Table 9).   
 
1 RD = recently disturbed <30 years old   2 Where separate targets are specified for conifer and deciduous, they are given 
as conifer/deciduous   See DR e-mail; nail down targets then pass to AM for projection; may have them!. 
 
In Table 13 the area of RD or Recently Disturbed Cut (<30 years old) includes both the NHLB 

and THLB and includes areas disturbed by fire as well as harvesting.  It provides an index of 
likely future disturbance.   The 5 variants with the highest level of disturbance are included.  
Dominant NDU indicates the disturbance regime from which the target is derived.  is included 
toWe noted disadvantages in establishing targets by NDU.  Variants within Table 9 and 13 are 
ordered approximately from those most subject to natural disturbance to least subject to natural 
disturbance (where older forests are most likely to accumulate naturally).  Not at present. Discuss 
Table 13  
 
 
5.2 Conversion of hardwood or mixed wood types to conif er-leading types  
Older hardwood trees make two major contributions to sustaining biodiversity.  They provide 
substrate for a number of epiphyte species when living and dying and are preferred cavity sites 
for many species when rotten or dead (Tables 2 and 3).  Dying and dead hardwoods thus make 
valuable contributions while standing.  Hardwoods make less significant contributions to down 
wood because once on the ground hardwood logs decay much faster than do conifer logs.  The 
issue of potentially ‘unmixing’ the mixed wood is addressed by Bunnell and Kremsater (2008) and 
is less significant to cavity nesters than to many songbirds.  For cavity nesters and epiphytes 
associated with dead and dying hardwood trees the issue is the total amount of hardwoods.  
Patch size does not appear to be a factor for vertebrates because no species strongly associated 
with hardwood snags or downwood avoids edge, and many woodpecker species actually prefer 
edge (Bunnell and Kremsater 2008).  There may be lichens and bryophytes or invertebrates 
specific to hardwood that avoid edges, but as yet they are unknown. [need to check further]  To 
ensure we accommodate these lesser known species we recommend some larger patches of 
hardwoods be maintained.  The NHLB currently provides that security. [check trends] 
 
The degree of interspersion of hardwoods with conifers is recognized in three of the major forest 
types of the SFM plan: hardwoods, hardwood-leading mixed woods, and conifer-leading mixed 

Variant RD area(ha) 1 Dominant NDU Target % 
late seral 2 

2004 Plus 20 years 

BWBSwk1 2,761 Boreal Foothills - valley 10 ??   
BWBSmw1 16,930 Boreal Plains - Upland 17 ??   
ESSFwv2 9,221 Boreal Foothills Mtn 33   
  (Wet Mountain) 84   
ESSFwk2 5,797 ( Boreal Foothills Mtn) 33   
  ( McGregor Plateau) none   
  Wet Mountain 84   
  Wet Trench - Mountain none   
SBSwk2 15,475 (McGregor Plateau) None   
  Omineca - Valley 23   
  (Wet Mountain)  84   
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woods.  Within its SFM plan Canfor has sought guidelines from nature in terms of tree species 
composition.  Targets, based on the proportion of these types found in the landscape at the time 
of writing of the SFMP, as percent of the DFA area are: conifer – 75 to 85%, deciduous – 9 
to15%, conifer mixed wood – 4 to 6%, deciduous mixed wood – 2 to 4% (Section 3).  Canfor`s 
SFMP identifies a strategy for mixed wood stands that attempts to blend mixed woods into the 
harvest profile.  Management regimes are intended to range from maintaining mature hardwood 
stems on site so they contribute to non-timber resource values to removing all hardwood volumes 
when resource values will not be compromised and economic conditions permit.  One challenge 
is defining the latter in terms of biodiversity. 
 
We had insufficient data to distinguish effectiveness of hardwood- and conifer-leading mixed 
wood so considered only two broad forest types: hardwood leading and mixed wood.  These 
types encompass all stands present with a significant proportion of hardwoods.  Useful measures 
of coarse filter effectiveness are the total area and proportion of current hardwood-leading and 
mixed wood stands reserved from harvest, and the area of these stands in older stands with 
larger trees having decay.   
 
The fact that the proportion of each broad forest type over the entire DFA is intended to remain 
similar to baselines provides some confidence that the various treatments of hardwood types 
ultimately will result in hardwoods of a variety of age classes over the landscape, thus providing 
snags and down wood.  Currently, about 25,000 ha of hardwood types and 17,000 ha of mixed 
wood types are designated non-harvestable and are within the NHLB (Table 11).  These areas 
represent portions within the NHLB of 41.5% and 39.3%, respectively.  The  proportion of older 
forests within the NHLB is 18.3% for hardwoods and 22% for mixed wood (Table 11).  At the level 
of VRI, at which much of the coarse filter is evaluated, the hardwood presence is likely 
underestimated because small inclusions of hardwood are overlooked.  Current values appear 
adequate.  There is evidence, however, that both amounts and patch sizes will decline under the 
20-year plan in some variants (e.g., Figure 7).  Patch size appears less important in hardwoods 
and mixed woods than in conifers; the more significant issue is the projected total area.  
Projected changes in total area of older hardwoods and mixed woods, including NHLB, do not 
decline (Table 12).  In fact, projected areas increase, but that is partly due to the fact that 
projections do not incorporate natural disturbances such as fire.  To some extent, there is a 
natural buffer beyond hardwoods ability to regenerate rapidly – hardwoods are likely to make 
particularly disproportionate contributions even where conifers are dominant so large amounts of 
hardwoods are not required (Bunnell and Kremsater 2008).  In summary, trends in amounts of 
hardwoods should be monitored; currently it is unclear whether there is a potential problem with 
conversion of hardwoods and mixed woods to conifer.  
 
 
5.3 Range of decay classes 
The SFM plan for TFL 48 does not explicitly address sustained provision of the full range of 
decay classes.  However, several features of the plan influence the range of decay classes 
sustained.  For example, using ecosystem representation to remove selected ecosystem types 
from the harvested land base increases the area within which the full range of decay stages will 
be sustained.  Likewise, retention within cutblocks accomplishes the same end.  Given that 
retention frequently focuses on wildlife trees, it is possible that the full range of decay classes is 
better represented in standing trees than in downed wood.  Problems could emerge if all wood 
>17.5 cm in diameter is removed from large, contiguous areas.  Natural disturbance again 
confuses estimates of trends.  The likelihood of fire consuming either retained snags or downed 
wood is unknown.  On harvested sites, regulations concerned with minimizing waste will tend to 
reduce large logs left on the site.  The number of larger logs (<17.5 cm) left on harvested areas 
should be monitored. [need to address size of contiguous young areas]. 
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5.4 Size of dying, dead and fallen wood  
SFM plans usually address diameters of wildlife trees that will be retained, but treat down wood in 
terms of volume.  Unfortunately, volume is not a useful measure when evaluating potential 
impacts on biodiversity.  Current guidelines within the SFM plan for TFL 48 are:  

• Retain annually DR an average of at least 2 snags and /or live trees per ha greater than 
17.5 cm diameter in prescribed areas.  

• Average retention of downed wood over the TFL will be at least 92 m3/ha of which a 
minimum of 46 m3/ha will be greater than 17.5 cm in diameter.   

 
The diameter of retained snags was a reasoned guess that current data suggest was low; the 
density is derived from Bunnell et al. (1999) assuming that 50% of the whole complement of 
cavity nesters is adequate.  The recommendation for downed wood follows from an analysis of 
131 phase 2 VRI plots located in natural stands that calculated 92 m3/ha as the average amount 
of CWD (actual CWD accumulations ranged from a low of 0 m3/ha to 379.3 m3/ha). To address 
the need for ecologically valuable large CWD, 50% (46 m3/ha) of the target (92 m3/ha)  is to be 
greater than 17.5 cm diameter.  Due to the large variation of volumes of CWD occurring naturally 
over the TFL, the target amount reflects an average over the TFL land base and does not apply 
as a target to be achieved in all locations at all times.  
 
The specified diameters for wildlife trees retained in harvested patches appear to be too small 
(Tables 2 and 3).  For cavity users, the older age classes must be old enough that some trees 
comprising them are >23 cm dbh; ideally some will be larger.  Naturally, data are variable and 
only approximate for particular areas and forest types.  An overview of quadratic mean diameter 
versus age class is provided in Figure 8.  Conifer types are represented by Balsam fir and 
Spruce; hardwood types by trembling aspen (AtHw) and black cottonwood (BCHw); mixed wood 
types by spruce hardwoods (SpHw), cottonwood-conifer (BcCon), and trembling aspen-conifer 
(AtCon).  Lodgepole pine is omitted because vertebrate species seek lodgepole stands 
referentially and very few cavity sites have been reported from lodgepole pine. 
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Figure 8.  Quadratic mean diameter of major forest types by age class.  Lodgepole pine is omitted 
from assessments of contributions to sustaining biodiversity.  SpHw = spruce-hardwood mixed 
wood, BcCon = black cottonwood-conifer mxedwood, AtCon = trembling aspen-conifer mixed 
wood, and AtHw trembling aspen hardwood.   
 
The quadratic mean diameter represents the tree of average basal area. It does not represent the 
largest stems, some trees will be larger, some smaller, but it likely is representative of the primary 

Age Class Key: 
0 Stand age 0  
1 Stand age 1 to 20 yrs 
2 Stand age 21 to 40 yrs 
3 Stand age 41 to 60 yrs 
4 Stand age 61 to 80 yrs 
5 Stand age 81 to 100 yrs 
6 Stand age 101 to 120 yrs 
7 Stand age 121 to 140 yrs 
8 Stand age 141 to 250 yrs 
9 Stand age 251 + yrs 
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cohort.  It most often will exceed the mean diameter.  DR – true?  It is apparent from Figure 8 that 
stands in which black cottonwood is a significant component (often riparian DR?) exceed the 
target diameter by age class 5 (81 to 100 years), and the more common hardwood stands of 
trembling aspen (AtHw) exceed it by age class 6 (101 to 120 years).  A lower limit of 90 years 
appears likely to ensure sufficient snags of the target diameter for mixed wood and hardwood 
stands.  Spruce-leading stands do not attain a mean quadratic diameter above 25 cm until age 
class 8 (141 to 250 years) and balsam leading until still later (Figure 8).  Conifers live longer 
(Figure 8) and during their later years may become preferred stands for non-vertebrate species, 
such as those documented to be associated with forest continuity in boreal forests of 
Europe.[REFS]  By 140 years, some stems in conifer stands will exceed target diameters for the 
majority of cavity nesters, but may be preferred habitat for epiphytes and other species (REFs).  
Precautionary estimates for minimum biological ages are 90 years for hardwood and mixed wood 
types and 140 years for conifers (Figure 8).   
 
A few of the larger secondary cavity users, including two mammals (marten and fisher) profit from 
standing trees and logs larger than 25 cm dbh; within the area, fisher are reported denning in  
trees >40 cm dbh (Wier 20006).  Figure 8 indicates that only hardwoods will attain that size with 
any frequency.  That indication is affirmed by the fact that maternal dens of fisher have been 
reported exclusively from hardwoods (Weir 2006).  Gotta nail down boreal marten and fisher  
 
Logs begin as trees.  Two species (marten and fisher) may profit from larger logs (>30 cm 
diameter. (In more southerly forest types they use much larger diameters Table 6).  Large logs, 
however, are used primarily as resting sites rather than as maternal dens, so are less critical to 
these species than are large standing trees.  For all forested BEC variants and all variants 
combined, the median diameter class for downed wood is 2 (12.5 to 17.4 cm; Figure 1).  The 
proportions of diameter >17.5 cm range from 16% in BWBS wk to 40% in ESSF wk. 
 
It is apparent  that larger diameters are relatively rare.  In fact, during radio-tracking Weir (2006) 
found no den sites for fishers in logs.   Figure 8 reveals that hardwoods are more likely to attain 
large diameters than conifers within the area.  Hardwood logs, however, decay quickly and are 
less likely to provide favourable habitat than are conifer logs.  Figure 8 indicates that more 
favourable diameters for conifers are unlikely to be attained until age classes 8 or 9.  Given the 
variability in diameter within age classes and the fact that relatively few large logs are required, 
there is no compelling reason to alter the lower limit of 140 years as the lower limit for the old 
conifer age class.  Age class 8 should provide sufficient suitable large logs.   [we need to track 
down more boreal data for mammals] 
 
There are no data suggesting values derived primarily to support cavity nesting species are 
inadequate to support non-vertebrates.  Where trees grow large and climate is moist (e.g., CWH 
and ICH, but not PP BEC zones) there is evidence that the complex structures arising from very 
old forests are preferred and possibly necessary for some lichens (e.g., Goward et al 1996, 
Lesica et al 1991) and bryophytes (e.g, Sillet 1995).  Although studies elsewhere have reported 
strong relations of some non-vertebrates with older forest (e.g., Rose 1976, Selva 1994), there is 
no evidence that the lower boundaries (90 years for hardwoods and mixed woods; 140 years for 
conifers) are inadequate.  Similarly, positive relations of fungi, bryophyte, lichen and invertebrates 
with diameter of down wood (e.g., Bunnell et al. 2008; REFS) do not suggest modifying the 
proposed lower limit of age classes.  We conclude that appropriate age of patches making 
significant contributions as coarse filter elements for biodiversity are 90 years for hardwoods and 
mixed woods and 140 years for conifers.  
 
5.5 Distribution of snags and down wood   
[to come] 
 
5.6 Key measures and cumulative affects 
The preceding discussion illustrates that relatively few measures are key to evaluating coarse-
filter effectiveness at sustaining dying and dead wood and that these can have cumulative effects. 
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Table 14 summarizes key measures, their modifiers for particular forest types and the major 
practices that can influence them.  The practices are the ‘levers’ managers can use to modify 
trends that are undesirable.   There are two major limitations to evaluating effectiveness at the 
level of the coarse filter.  The first is the omission of natural disturbance from the projections of 
future conditions.   The ability to project disturbance accurately has become particularly 
challenging in the face of climate change.  A second limitation is the absence of fine-filter 
corroboration or data from organisms intended to be sustained (in this case by dying and dead 
wood).  Where possible we used data from organisms occurring within the DFA to quantify 
modifiers, such as appropriate diameters.  For groups such as bryophytes and lichens 
appropriate metrics for evaluation were derived from literature values.  To provide greater 
confidence to the analysis, effectiveness monitoring should include species believed to be 
particularly susceptible to changes in the way dying and dead wood are sustained (see section 
6.3 Effectiveness monitoring – fine filter).   Such species and other monitoring efforts should be 
selected to assess impacts of any trends that coarse-filter analysis suggests are negative (see 
Table 15). 
 
 
Table 14 .  Key measures for coarse filter analysis of the provision of dying and dead wood, their 
modifiers and practices influencing them. 
 
Measure  Modifiers  Planning and practices  
Amount of older  Diameter at age Natural NHLB 
   age classes (ha) Patch size All reserves (WTPs, OGMAs, 

etc) 
  Size of retention patches 
   
Amounts of older hardwood- 
   and mixed wood (ha) 

Diameter at age As above, plus: 
Silvicultural conversion of 
   hardwoods to conifer 

   
Post-harvest debris Diameter (cm) 

Distribution 
Utilization and waste mgmnt. 
Piling or not 

   
Contributions of retention Diameter (cm) 

Number (snags, logs) 
Retention guidelines 

 Patch size (ha)  
   
Variables used to index the suitability of provision of dead wood influence each other.  Amount of 
area reserved from harvest (NHLB) and uninfluenced by current practice influences the need for 
provision of dying and dead wood within the THLB.  Measures of tree or log size and decay 
influence the suitability of areas reserved from harvest.  All variables change with time – e.g., 
patch size distribution with harvesting, tree or log diameter and decay state with age.  In Table 15 
we have summarized the affect of key individual features so that potential cumulative interactions 
can be exposed.  We use two time frames: short-term (20 years; the extent of detailed forward 
planning) and potential permanent reduction (permanent reduction results when the effect of the 
practice appears permanent in the area where it is applied).   
 
 
 
 
 
 
Table 15 .  Apparent trends in key variables determining effectiveness of dying and dead wood in 
sustaining biodiversity for TFL 48. (CL = conifer leading; HL = hardwood leading, MW = mixed 
wood.  The most troubling trends are ↓. Practices governing trend are noted.   
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Variable 

Apparent trend   
Practices  Short term  Permanent  

Area old CL ↓ ↓ Harvest; retention guidelines 
Area old HL & MW ↓ ↓ Harvest; retention guidelines 
Proportion hardwood ↓ ↓ Conversion to conifer 
Patch size old CL ↔ ↔ Harvest planning 
Patch size old HL & MW ↓ ↓ Conversion to conifer 
Tree Ø CL ↓ ↓ Retention guidelines 
Tree Ø HL & MW ↓ ↓ Retention guidelines 
Log Ø CL ↓ ↓ Waste management; Ø retained trees 
Log Ø HL & MW ↔ ↔ Retention; Ø retained trees 
Decay range CL ↓ ↓ Waste management 
Decay range HL & MW ↔ ↔ Retention; Ø retained trees 
   
Table 15 summarizes several negative trends that, when combined, will produce cumulative 
effects.  The area of older forest of any forest type is expected to decline under harvest when 
harvest is newly introduced to a region, modified primarily by retention guidelines.  Late seral 
targets are derived from natural disturbance and current trends in total amounts of old forest are 
not troubling provided other negative trends are modified.  Not all trends need to be dangerously 
or permanently downward.  Simple modifications to retention guidelines and to waste 
management would do much to ameliorate trends to the point where they no longer represent a 
threat.  The apparent conversion of hardwood cover to conifer cover is not strongly defined and 
may be an artifact of projection, but should be monitored.  For this reason the apparent downward 
trend in patch size of hardwood-leading and mixed wood types in some variants also is a 
candidate for monitoring rather than action.  Moreover, there appear to be few organisms 
dependent on larger tracts of these forests types. 
 
 
6  Summary 
The coarse filter evaluation is meant to evaluate effectiveness of practices intended to sustain 
biodiversity.  In several instances  (e.g., appropriate patch size, targets for late-seral forest) 
effectiveness cannot be evaluated against data collected on site, but must be estimated from 
literature.  The evaluation is thus largely limited to specific findings that can be supported from 
data collected on site and relevant literature, and to recommendations for implementation and 
effectiveness monitoring. 
 
6.1 Major findings 
Generally, the coarse filter approaches of the SFM plan for TFL 48 appear well reasoned, well 
integrated and will act to supply dead wood with favourable attributes into the future.  Downward 
trends in some key variables are expected (e.g., Table 15) and are not worrisome unless they 
continue for decades yet.  A few are potentially troubling, though not in the near future, so are 
candidates for monitoring.   For example, current analyses suggest no current shortfall in 
amounts of older forest, but indicate a large reduction in mixed wood forest over the next 20 
years, particularly within the BWBSmw1.  Whether this is an artifact of projection or a 
consequence of silvicultural practices ‘unmixing’ the mixed wood is unclear.  Given the value of 
mixed wood stands in sustaining biodiversity, it suggests the potential trend merits high priority in 
long-term monitoring.   
 
Targets are well reasoned but some should be evaluated through effectiveness monitoring.  For 
example, given the amount of older forest it presently is unclear whether retention is needed, let 
alone how much. 
 
Data from elsewhere for lichens, bryophytes, and insects suggest that dispersed retention of 
down wood is more favourable than retention in piles.  Some  ‘thresholds’ necessary to guide 
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coarse filter evaluation were derived from local data and relevant literature (Table 16).  In a few 
instances these differ from current guidelines within the SFM plan.   Those findings suggest 
changes to guidelines and practice. 
 
 
Table 16 .  Estimates of suitable diameters and densities of dead wood for TFL 48 that include  
data relevant to the DFA.  
 

 Living, dying & dead trees  Logs  
Species Group  Diameter # per ha Diameter 
Most cavity nesters >23 cm1 3     >17.5 
Larger bird species, some mammals >30 cm1 0.2 >30 cm 
Lichens, bryophytes, insects >17.5 cm  >17.5 cm 

 
1  Derived from Table 2; the values for nest and den trees are the somewhat smaller than those recommended for the 
Omineca region by BC MoWLP (2005). 
 
 
6.2  Recommendations for practice 
 
Tables 15 and 16 suggests four? modifications to current practice. 
 

1. Guidelines for retained wildlife trees should be tree sizes >23 cm, and densities of 3 per 
ha.  Ideally, greater densities of small snags also should be retained.  

2. Where possible retention areas should be ‘anchored’ around conifer trees >30 cm. 
3. Waste management guidelines should ensure than some larger conifer pieces (>30 cm) 

are retained where stand conditions permit. 
4. Pieces of downed wood >17.5 cm should not be piled but be left scattered on site.   

    
6.3  Recommendations for monitoring 
Recommendations are summarized separately for implementation and effectiveness monitoring. 
 
Implementation monitoring 
Monitoring should focus on areas where direct or cumulative effects current appear negative 
(Table 15).  It should be directly linked to practices that offer opportunity for improvement.  All 
variables noted for implementation monitoring are of high priority. 
 
Late seral targets:  Status relative to established targets should be assessed every 5 years for the 
three broad forest types.  Late seral is defined as 90 years plus for hardwoods and mixed woods 
and 140 years plus for conifers.  Early seral targets are relevant but currently appear of less 
importance to sustaining biodiversity than do late seral targets.  Trends in late seral hardwoods 
are of most concern. 
 
Late seral patch sizes:  Trends in size of older forest patches should be tracked by forest type 
within BEC variant.  Current analyses suggest a reduction in patch size distribution among 
hardwood and mixed wood types that merits evaluating.  Periodic, long-term monitoring (every 5 
years) should not show sustained decline in the mean size of patches with appropriate attributes 
(age, tree size).  The state and trend in older blocks or patches across the landscape should be 
monitored within both the NHLB and THLB.   Total amounts of late seral are expected to decline 
in the near term as harvest is initiated.   
 
Species composition:  There is some indication that the relative amounts of hardwood and mixed 
wood stands will be reduced.  Current natural targets are unlikely to represent a critical limit, but 
are the only available natural target.  Hardwoods make a disproportionate contribution to 
sustaining biodiversity.  It is important that the area of hardwood-leading and mixed wood types, 
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particularly late-seral classes are tracked over time to ensure there is no strong trend away from 
present proportions.  
 
Retention patches:  Within the THLB the state (size, age, anchor points) should be monitored to 
assess trend in older blocks or patches across the landscape.  
Size: The lower boundary for effective patches should be set at 0.25 ha,6 until further evaluated.   
Age:  Current targets for age (90 and 140 years were noted).  Actual age should be estimated. 
Anchor points:  Rationale for patch locations should be noted.  Natural anchor points may be 
riparian boundaries, wetlands, appropriate wildlife trees, etc.  Minimum limits for wildlife trees 
should be 23 cm for hardwoods and 30 cm for conifers.   The limits are particularly important 
when retained patches are small (< 2 ha). Larger retention patches need not target particular tree 
sizes, but can use age as a surrogate.  In these cases the age classes should be at least age 
class 6 for hardwood and mixed wood stands and age class 8 for conifer leading stands.  
Minimum densities of wildlife trees should be 3/ha in patches less than 2 ha.  Actual conditions 
should be recorded. 
 
Coarse woody debris:  Survey amounts being left behind and unburned to assess whether the 
current target (46 m3/ha) is being met across the landscape.  Diameter is a more informative 
measure than volume.  Total area from which all wood >17.5 cm in diameter is removed is should 
be recorded.  Heights of unburned piles should be estimated.  Little advantage is gained beyond 
1 m in height.  An initial helpful measure would be the median diameter to assess the number of 
pieces >17.5 cm are retained under current guidelines (more than 50% of the volume >17.5 cm).  
 
 
Effectiveness monitoring  
Effectiveness for biodiversity can only be credibly assessed in terms of organisms themselves.  
While those data accumulate effectiveness can be inferred.  Note that portions of implementation 
monitoring inform effectiveness monitoring.  Major management ‘levers’ that can be used to 
counter unfavourable trends are summarized in Table 15.  We have estimated priorities for 
specific attributes (VH = very high; H = high; M = moderate; L = low).   
 
Late seral:  Probable effectiveness of current target age classes could be evaluated only for 
diameter of cavity trees sought by vertebrates in the area.  It is not known whether they are they 
are effective for other organisms.  Forest-interior plots should be used to assess projected 
effectiveness for cavity-nesting birds (H) and for bryophytes and lichens (M).  See also organisms 
below. 
 
Wildlife tree patches:  Relevant variables are noted under implementation monitoring.  The 
relative proportions of patches by the three broad forest types is informative.  In the near term 
effectiveness can be evaluated in terms of the target diameters and ages noted (VH).  Longer-
term, more credible evaluations require assessment of patches for a suite or organism responsive 
to dead and dying wood (H).  
 
Hardwoods:   In sub-boreal and boreal forests, hardwoods play a significant role in sustaining 
biodiversity.  The current SFM plan suggests biological constraints must also be considered 
within a mixed wood management strategy (but does not elaborate on those constraints because 
they are currently poorly known).  These constraints can be informed by effectiveness monitoring 
(see organisms below).  This is assigned priority M until apparent trends in potential conversion of 
mixed wood to conifer can be assessed (H priority). 
 
Coarse woody debris:  Collate estimates of use of downed wood by marten and fisher in the 
study area or other boreal forest sites and relate to measures derived from implementation 
monitoring ( H).   
 

                                                
6  This value is consistent with BC MoWLP (2005) for the Omineca Region .  
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Organisms:  Response of organisms is the most credible, and ultimately necessary measure of 
effectiveness.  Candidate organisms for TFL 48 are listed with priorities derived from current data 
and the literature. 
Fisher – elsewhere the fisher is believed to be sensitive to the diameter of both standing trees 
and downed wood.  CanFor contributes to a local fisher study and results to date reveal use of 
old hardwoods for maternal dens and no use of downed wood [most current?]  L 
Marten – data for marten have not been collated for the region or boreal forests more generally.  
That should be done before any study is initiated.  M 
Cavity nesters – these should be considered as two groups: largely hardwood dependent and 
largely conifer dependent.  Monitoring design should focus on the groups with the exception of 
three species:  yellow-bellied sapsucker is a keystone excavator in the region (hardwood 
associate) and American three-toed woodpeckers and black-backed woodpeckers (conifer 
associates).  Initial efforts should focus on retention patches; larger retention patches will assist 
scaling up over the entire tenure (VH).  Assessment of structure in a sub-sample of BBS sites 
also will assist scaling up (H). 
Songbirds – some data suggests a few warbler species are dependent on older seral stages.  
Initial assessment should consider findings of ongoing work at UBC (VH).  
Bryophytes and lichens – those dependent on down wood appear more likely to be threatened.  
Tree species, diameter and decay state should be recorded during surveys of snags and down 
wood ( M).  
 
 
7 Literature cited 
Amaranthus, M., Trappe, J.M., Bednar, L. and Arthur, D.  1994.  Hypogeous fungal production in 

mature Douglas-fir forest fragments and surrounding plantations and it s relation to 
coarse woody debris and animal mycophagy.  Canadian Journal of Forest Research 
24:2157-2165. 

Andersson, L.I.  and Hytteborn,H.  1991.  Bryophytes and decaying wood – a comparison 
between managed and natural forest.  Holarctic Ecology 14:121-130. 

Arsenault,  A. and Goward, T.  2000.  The drip zone effect: new insights into the distribution of 
rare lichens. Pp 767-8 in L. M. Darling (Ed.)  At Risk.  Proceedings of a conference on 
Biology and Management of Species and Habitats at Risk, Kamloops, B.C., 15-19 Feb 
1999.  Victoria, BC Ministry of Environment , Lands, and Parks. 

Bader, P., Jansson, S., Jonsson, B.G., 1995. Wood-inhabiting fungi and substratum decline in 
selectively logged boreal spruce forests. Biological Conservation 72: 355-362. 

Baldwin, L.K. and Bradfield, G.E.  2005.  Bryophyte community differences between edge and 
interior environments in temperate rain-forest fragments of coastal British Columbia. 
Canadian Journal of Forest Research 25: 580-592.  

Barkman, J.J. 1958. Phytosociology and ecology of cryptogamic epiphytes. Van Gorcum 
Publishers, Assen, Netherlands. 

BC MoWLAP.  2005.  Omineca Regional Wildlife Tree Patch (WTP) Retention Guidelines.  
 Ecosystem Section, BC Ministry of Water, Land and Air Protection, Victoria, BC. 
Bevis, K.R.  1996.  Primary excavators in grand fir forests of Washington's east Cascades and 

forestry on the Yakima Indian Nation, Washington. Pp. 77-86 in P. Bradford, T. Manning, 
& B. I'Anson (eds.). Proceedings of the workshop on wildlife tree/stand-level biodiversity.  
BC Ministry  of Environment, Lands and Parks and  Ministry of  Forests, Victoria, BC. 

Boyland, M., Nelson, J., Bunnell, F., and D’Eon, R. 2006. An application of fuzzy set theory for 
seral-class constraints in forest planning models. Forest Ecology & Management. 
223:395-402 

Bull, E. L., and R. S. Holthausen. 1993. Habitat use and management of Pileated Woodpeckers 
in northeastern Oregon. J. Wildl. Manage. 57: 335–345.  

Bull, E. L., C. G. Parks & T.R. Torgersen.  1997. Trees and logs important to wildlife in the interior 
Columbia River basin. General Technical Report PNW-GTR-391, USDA Forest Service, 
Portland, OR. 

Bunnell, F.L. & A.C. Allaye-Chan.  1984.  Potential of ungulate winter-range reserves as habitat 
for cavity-nesting birds. Pp 357-365 in W.R. Meehan, T.R. Merrell, and T.A. Hanley 



44 
 

 

(eds.). Proceedings of the symposium on fish and wildlife relationships in old-growth 
forests.  American Institute of Fishery Research Biologists, Morehead City, NC. 

Bunnell, F.L. & B.G. Dunsworth.  2004.  Making adaptive management for biodiversity work: the 
example of Weyerhaeuser in coastal British Columbia.  Forestry Chronicle 80: 37-43. 

Bunnell, F.L., and L. A. Dupuis.  1995.  Riparian habitats in British Columbia: their nature and 
role.  Pp. 7-21 in K.H.Morgan, and M.A. Lashmar (eds.).  Riparian habitat management 
and research.  Special Publication of the Fraser River Action Plan, Canadian Wildlife 
Service, Delta, B.C.   

Bunnell, F.L.,  L. Kremsater, and  I. Houde.  2006.  Applying the concept of stewardship 
responsibility  in British Columbia.  Report to Conservation Planning Tools Committee, 
Biodiversity BC. 

Bunnell, F.L., and L.L. Kremsater.  2008.  Coarse filter assessment of contribution of hardwoods 
to sustaining biodiversity on TFL 48. etc 

Bunnell, F.L., L.L. Kremsater, and E. Wind.  1999.  Managing to sustain vertebrate richness in 
forests of the Pacific Northwest: relationships within stands.  Environmental Reviews 7: 
97-146. 

Bunnell, F.L., I. Houde, B. Johnston, and E. Wind.  2002a.  How dead trees sustain live 
organisms in western forests. Pp. 291-318 In W. F. Laudenslayer Jr., P.J. Shea, B. E. 
Valentine, C.P. Weatherspoon, and T.E. Lisle. (tech. cords..).  Proceedings of the 
symposium on the ecology and management of dead wood in western forests.  
November 2-4 1999, Reno, Nevada.  Gen. Tech. Rep. PSW-GTR-181, USDA Forest 
Service, Albany, CA 

Bunnell, F.L., E. Wind, M. Boyland, and I. Houde.  2002b.  Diameters and heights of trees with 
cavities: their implications to management.  Pp. 717-738 In W. F. Laudenslayer Jr., P.J. 
Shea, B. E. Valentine, C.P. Weatherspoon, and T.E. Lisle. (tech. cords..).  Proceedings 
of the symposium on the ecology and management of dead wood in western forests.  
November 2-4 1999, Reno, Nevada.  Gen. Tech. Rep. PSW-GTR-181, USDA Forest 
Service, Albany, CA. 

Bunnell, F.L., E. Wind, and R. Wells.  2002c.  Dying and dead hardwoods: their implications to 
Management.  Pp. 695-716  In W. F. Laudenslayer Jr., P.J. Shea, B. E. Valentine, C.P. 
Weatherspoon, and T.E. Lisle. (tech. cords..).  Proceedings of the symposium on the 
ecology and management of dead wood in western forests.  November 2-4 1999, Reno, 
Nevada.  Gen. Tech. Rep. PSW-GTR-181, USDA Forest Service, Albany, CA.   

Bunnell, F.L., M. Boyland, and E. Wind.  2002d.  How should we spatially distribute dead and 
dying wood? Pp. 739-752 In W. F. Laudenslayer Jr., P.J. Shea, B. E. Valentine, C.P. 
Weatherspoon, and T.E. Lisle. (tech. cords..).  Proceedings of the symposium on the 
ecology and management of dead wood in western forests.  November 2-4 1999, Reno, 
Nevada.  Gen. Tech. Rep. PSW-GTR-181, USDA Forest Service, Albany, CA.   

Bunnell, F.L., T. Spribille, I. Houde, T. Goward, and C. Björk. 2008a.  Lichens on down wood in 
logged and unlogged forest stands.  Can. J. For. Res. (in press). 

Bunnell, F.L., Squires, K.A., and Preston, M.I.  2008b.  Responses of forest-dwelling birds to 
deciduous trees and shrubs: management implications.  Can. J. For. Res. (in prep). 

Camann et al.  2000;  
Carey, A.B. and Johnson. M.L.  1995.  Small mammals in managed, naturally young, and old-

growth forests.  Ecological Applications 5:336-352. 
Christy, J.A.  1992.  Global perspective on endangered bryophytes.  Northwest Science 66:129. 
Craig, V.J. 1995. Relationships between shrews (Sorex spp.) and downed wood in the Vancouver 

watersheds, B.C. M.Sc. thesis, University of British Columbia, Vancouver, BC. 
Craig, V.J. 2002. Population and habitat use characteristics of forest-dwelling small mammals in 

relation to downed wood. PhD. thesis, University of British Columbia, Vancouver, BC. 
Craig, V.J. and Wilson, S.F.  2004.  Habitat associations of Vancouver Island water shrews in 

restored and natural stream habitats. In T. D. Hooper (editor). Proceedings of the Species at 
Risk 2004 Pathways to Recovery Conference. March 2-6, 2004, Victoria, BC. Species at Risk 
2004 Pathways to Recovery Conference Organizing Committee, Victoria, BC. 



45 
 

 

Crites, S. and M.R.T. Dale. 1998.  Diversity and abundance of bryophytes, lichens, and fungi 
inrelation to woody substrate and successional stage in aspen mixedwood boreal forests.  
Can. J. Bot. 76: 641-651. 

Culberson, W.L.  1955.  The corticolous communities of lichens and bryophytes in the upland 
forests of northern Wisconsin.  Ecological Monographs 25:215-231. 

DeLong, C.  2002.  Natural Disturbance Units of the Prince George Forest Region: Guidance for 
Sustainable Forest Management.  BC Forest Service, Prince George, BC. 

DeLong, S.C.  2007.  Implementation of natural disturbance-based management in northern 
British Columbia.  Forestry Chronicle 83: 338-346. 

Dickson, J.G., R.N. Conner & J.H. Williamson.  1983.  Snag retention increases bird use of a 
clear cut.  Journal of Wildlife Management 47: 799-804. 

Esseen, P.-A. 2006. Edge effects on the old-growth forest indicator lichen Alectoria sarmentosa in 
natural ecotones. – Journal of Vegetation Science 17: 185-194. 

Goward, T, O Breuss, B. Ryan, B. McCune, H. Sipman, and C. Scheidegger. 1996.  Notes on the 
lichens and allied fungi of British Columbia iii The Bryologist 99:439-449. 

Grove, S.J.  2002.  Saproxylic insect ecology and the sustainable management of forests.   
Annual Review of Ecology and Systematics 33: 1-23. 

Grove, S.J., and Stork, N.E.  2000.  An inordinate fondness for beetles.  Invertebrate Taxnomomy 
14: 733-739. 

Gustafsson, L. A. Fiskesjo, T. Ingelog, B. Pettersson, and G. Thor.  1992.  Factors of importance 
of some lichen species of deciduous broad-leaved woods in southern Sweden.  
Lichenologist 24: 255-266. 

Hamilton, W.D.  1978.  Evolution and diversity under bark.  Pp. 154-175in Diversity of insect 
faunas, L.A. Mound and N. Waloff (eds.)  Royal Entomological Society of London, 
London, UK. 

Hansson, L., Solbreck, C., and Söderström,L.  1992.  Dispersal in relation to conservation. Pp. 
162-200 in L. Hansson (ed.). Ecological principles of nature conservation.  Elsevier 
Applied Science, London, UK.  

Harmon, M.E., Franklin, J.F. , Swanson, F.J. Sollins, P.,  Gregory, S.V., Lattin, D., Anderson, 
N.H. Cline, S.P., Asumne, N.G., Sedell, J.R., Lienkaemper, W.,  Cromack, K. Jr., and 
Cummings, K.W.  1986.  Ecology of coarse woody debris in temperate ecosystems.  
Advances in Ecological Research 5:133-302. 

Heilmann-Clausen, J. and Christensen, M.  2004.  Does size matter.  On the importance of 
various dead wood fragments for fungal diversity in Danish beech forests.  Forest 
Ecology and Management 201(1): 105-117.  

Huggard 2007.  a and b? 
Humphrey, J.W., Davey, S., Peace, AS.J., Ferris, R., and Harding ,K.   2002.  Lichens and 

bryophyte communities of planted and semi-natural forests in Britain: the influence of site 
type, stand structure and deadwood.  Biological Conservation 107: 165-180. 

Hutto, R.L.  2006.  Toward meaningful snag-management guidelines for postfire salvage logging 
in North American conifer forests.  Conservation Biology 20: 984-993. 

Jansová, I. and Soldán, Z.  2006. The habitat factors that affect the composition of bryophyte and 
lichen communities on fallen logs.  Preslia 78: 67-86. 

Kaila, L., Martikainen, P., Puntilla, P., and Yakovlev, E.  1994.  Saproxylic beetles (Coleoptera) on 
dead birch trunks decayed by different polypore species.  Annales Zoologici Fennici 31: 
97-107. 

Kalgutkar, R.M. and Bird, C.D.  1969.  Lichens found on Larix lyalli and Pinus albicaulis in 
southwestern Alberta, Canada.  Canadian Journal of Botany 47:627-648. 

Khanna, K.R.  1964.  Differential evolutionary activity in bryophytes.  Evolution 18: 652-670. 
Kruys, N. and Jonsson, B.G. 1999.  Fine woody debris is important for species richness on logs in 

managed boreal spruce forests of northern Sweden.  Canadian Journal of Forest 
Research 29: 1295-99. 

Kruys, N., Fries, C., Jonsson, B.G., Lämås, T., Ståhl, G.  1999.  Wood inhabiting cryptogams on 
dead Norway spruce (Picea abies) trees in managed Swedish boreal forests. Canadian 
Journal of Forest Research 29: 178-186. 



46 
 

 

Kuusinen M. 1994.  Epiphytic lichen flora and diversity on Populus tremulae in old growth and 
managed forests of southern and middle boreal Finland.  Botanica Fennici 31: 245-260. 

Kuusinen, M. 1996. Epiphyte flora and diversity on basal trunks of six old-growth forest tree 
species in southern and middle boreal Finland. Lichenologist 28: 443-463. 

Lindhe, A. N. Åsenblad, N. and Toresson, H-G.  2004. Cut logs and high stumps of spruce, birch, 
aspen and oak – nine years of saproxylic fungi succession. Biological Conservation 119: 
443-454. 

Lemly, A.D. and Hilderbrand, R.H.  2000.  Influence of large woody debris on stream insect 
communities and benthic detritus.  Hydrobiologia 421: 179-185. 

Lesica,  P., B McCune, S.V. Cooper, and W.S. Hong.  1991.  Differences in lichen and bryophyte 
communities between old-growth and managed second-growth forests in the Swan 
Valley, Montana. Can. J. Bot. 69:1745-1755. 

Lindenmayer, D.B. & G. Luck.  2005.  Synthesis: thresholds in conservation and management.  
Biological Conservation 124: 351-354. 

Lisgo, K.A., Bunnell, F.L., and Harestad, A.S.  2002.  Summer and fall use of logging residue 
piles wood by female short-tailed weasels. Pp. 319-330 In W. F. Laudenslayer Jr., P.J. 
Shea, B. E. Valentine, C.P. Weatherspoon, and T.E. Lisle. (tech. cords.).  Proceedings of 
the symposium on the ecology and management of dead wood in western forests.  
November 2-4 1999, Reno, Nevada.  Gen. Tech. Rep. PSW-GTR-181, USDA Forest 
Service, Albany, CA.   

Longton, R.E. 1992. The role of bryophytes and lichens in terrestrial ecosystems. Pp.32-76  in 
J.W. Bates and A.M. Farmer (eds.). Bryophytes and lichens in a changing environment. 
Oxford University Press, New York, NY. 

Martin, K., A. Norris, & M. Drever. 2006. Effects of bark beetle outbreaks on avian biodiversity in 
the British Columbia interior: Implications for critical habitat management. BC Journal of 
Ecosystems and Management 7(3): 10–24. 

Maser, C. and Trappe, J.M.  1984.  The seen and unseen world of the fallen tree.  USDA Forest 
Service, General Technical Report PNW-GTR-164, Portland, OR. 

Maser, C., Trappe, J.M., and Nussbaum, R.A.  1978a.  Fungal-small mammal inter-relationships 
with emphasis on Oregon coniferous forests.  Ecology 59:799-809. 

Maser, C., Anderson, R.G., Cromack, K. Jr., Williams, J.T., and Martin, R.E.  1979.  Dead and 
down woody material. Pp. 78-95 in J.W. Thomas (ed.). Wildlife habitats in managed 
forests. The Blue Mountains of Oregon and Washington.  USDA Forest Service, 
Agriculture Handbook 553, Washington, D.C. 

McCullough, H.E.  1948.  Plant succession on fallen logs in a virgin spruce-fir forest. Ecology 29: 
508-513. 

Mills, S.  1995.  Edge effects and isolation: red-backed voles of forest remnants. Cons. Biol. 
9:395-403 

MSRM (Ministry of Sustainable Resource management of British Columbia). 2004. Vegetation 
resources inventory – Ground sampling procedures appendices.  Prepared for the 
Resource Information Standards Committee, Victoria, BC. 
http://www.for.gov.bc.ca/hts/vri/standards/index.html 

Muhle, H. and LeBlanc, F.  1975.  Bryophyte and lichen succession on decaying logs. 1. Analysis 
along an evaporational gradient in eastern Canada. Journal Hattori Botanical Laboratory 
39: 1-33. 

Nordén, B., and Paltto, H.  2001.  Wood-decay fungi in hazel wood: species richness correlated 
to stand age and dead wood features.  Biological Conservation 101: 1-8. 

Nordén, B., Ryberga, M., Götmark, F., and Olaussona, B.  2004. Relative importance of coarse 
and fine woody debris for the diversity of wood-inhabiting fungi in temperate broadleaf 
forests. Biological Conservation 117: 1-10. 

Ódor, P., van Dort, K., Aude, E., Heilmann-Clausen, J., and Christensen, M.  2005.  Diversity and 
composition of dead wood inhabiting bryophyte communities in European beech forests.  
Boletín de la Sociedad Española de Briología ( Bol. Soc. Esp. Briol.) 26-27: 85-102.   

Oliver, C.D., C. Harrington, M. Bickfrod, R. Gara, W. Knapp, G. Lightner & L. Hicks.  1994.  
Maintaining and creating old growth structural features in previously disturbed stands 
typical of the Eastern Washington Cascades. Journal of Sustainable Forestry 2: 353-387. 

http://www.for.gov.bc.ca/hts/vri/standards/index.html


47 
 

 

Parker, S.P.  1982.  Synopsis and classification of living organisms.  McGraw-Hill, New York, NY. 
1232 pp. 

Pharo, E.J. and Zartman, C.E.  2007.  Bryophytes in a changing landscape: The hierarchical 
effects of habitat fragmentation on ecological and evolutionary processes.  Biological 
Conservation 135:  315-325. 

Pojar, J., K. Klinka, & D.V. Meidinger.  1987.  Biogeoclimatic ecosystem classification in British 
Columbia.  Forest Ecology & Management 22: 119-154. 

Pretty, J.L. and M. Dobson.  2004.  The response of macroinvertebrates to artificially enhanced 
detritus levels in plantation streams.  Hydrology and Earth System Sciences 8: 550-559. 

Qian, H., Klinka, K. & Song, X.H., 1999. Cryptogams on decaying wood in old-growth forests of 
southern coastal British Columbia. J. Veg. Science, 10 : 883-894. 

Rambo, T.R,  2001.   Decaying logs and habitat heterogeneity: implications for bryophyte 
diversity in western Oregon forests.  Northwest Science 75: 270-277. 

Rambo, T.R. and Muir, P.S.  1998.  Forest floor bryophytes of Pseudotsuga menziesii-Tsuga 
heterophylla stands in Oregon: influences of substrate and overstory.  The Bryologist 
101: 116-130. 

Richardson, J. S. & W. E. Neill, 1991 Indirect effects of detritus manipulations in a montane 
stream. Can. J. Fish. aquat. Sci. 48: 776–783. 

Rose, F. 1976.  Lichenological indicators of age and environmental continuity in woodlands. Pp. 
279-307 in D.H. Brown, D.L. Hawksworth, and R.H. Bailey (Eds.) Lichenology: progress 
and problems.  Systematics Association Special Vol 8, Academic Press, New York, NY. 

Ryan, M. W. 1996.  Bryophytes of British Columbia: rare species and priorities for inventory. 
Ministry of Forest and Ministry of Environment,  Victoria, B.C. Working paper 12, 1996. 

Rydin, H., M. Diekmann, and T. Hallingback.  1997.  Biological characteristics, habitat 
associations, and distribution of macrofungi in Sweden.  Cons. Biol. 11: 628-640. 

Samuelsson, J., Gustaffson, L., and Ingelog, T.  1994.  Dying and dead trees: a review of their 
importance for biodiversity.  Swedish Threatened Species Unit, Uppsala, Sweden. 

Schofield, W.B.  1992.  Some common mosses of British Columbia.  Royal British Columbia 
Museum, Victoria, BC.  

Schofield, W. B.   2002. Field guide to liverwort genera of Pacific North America. University of 
Washington Press, Seattle, WA. 

Scott, V.E.  1979.  Bird responses to snag removal in ponderosa pine.  Journal of Forestry 77: 26-
28. 

Selva S.B. 1994.  Lichen diversity and stand continuity in the northern hardwoods and spruce-fir 
forests of northern New England and western New Brunswick.  The Bryologist 97: 424-
429. 

Sillet, S.C. 1995.  Branch epiphyte assemblages in the forest interior and on the clearcut edge of 
a 700-year-old Douglas-fir canopy in western Oregon.  The Bryologist 98: 301-312 

Sippola, A.L. and P. Renvall.  1999.  Wood-decomposing fungi and seed-tree cutting: a 40 year 
perspective.  Forest Ecology and Management 115: 183-201. 

Söderström, L.  1988.  The occurrence of epixylic bryophyte and lichen species in an old natural 
 and a managed forest stand in northeast Sweden.  Biological Conservation 45:169-178. 
Spickler, J.C., Sillet, S.C., Marks, S.B., and  Welsh, H.H..Jr.  2006.  Evidence of a new niche for a 

North American salamander:  Andeides vagrans residing in the canopy of old growth 
redwood forest.  Herpetological Conservation & Biology 1: 16-26. 

Spribille, T., F.L. Bunnell, G. Thor, T. Goward, and C. Bjırk.  2008.  Looking beyond 
macrolichens: a comparison of dead wood lichens in the Pacific Northwest and 
Fennoscandia.  Biological Conservation (under review). 

Thomas, J.W., R.G. Anderson, C. Maser & E.L. Bull.  1979.  Snags.  Chapter 5 in J.W. Thomas 
(ed.). Wildlife habitats in managed forests.  The Blue Mountains of Oregon and 
Washington.  Agricultural Handbook 533, USDA Forest Service, Portland, OR and 
Wildlife Management Institute, Washington, DC. 

Walankiewicz, W.  1991.  Do secondary cavity-nesting birds suffer more from competition for 
cavities or from predation in a primeval deciduous forest.  Natural Areas Journal 11: 203-
212. 



48 
 

 

Warren, M.S., and Key, R.S.  1991.  Woodlands: past, present and potential for insects.  Pp. 155-
203 in The conservation of insects and their habitats.  N.M. Collins and J.A. Thomas 
(eds.).  Academic Press, London, UK. 

Welsh, C.J.E. & D.E. Capen.  1992.  Availability of nesting sites as a limit to woodpecker 
populations.  Forest Ecology and Management 48: 31-41. 

Weir, R.F.  2006.  Fisher Ecology in the BWBS: Inventory and Research.  Year-end Report.  
March 2006. Prepared for Mark Phinney, Louisiana-Pacific Canada Ltd. and Eric Lofroth, 
BC Ministry of Environment. 

Winchester, N.N. & R.A. Ring.  1996.  Northern temperate coastal Sitka spruce forests with 
special emphasis on canopies: studying arthropods in an unexplored frontier.  Northwest 
Science 70 (Special Issue): 94-103. 

Wilhere, G. F. 2003.  Simulations of snag dynamics in an industrial Douglas-fir forest. Forest 
Ecology and Management 174: 521–539.  

 



49 
 

 

Appendix  1

Co mmon Name
1

Scientifi c name SBS SBPS SWB BWBS ESSF DC
3

RES
4

Shr
5

G
6

E
6

M
6

L
6

Cavity
7

DW
8

Dec.
9

Con .
9

R
10

Edg.
11

Int.
12

BIRDS

Order Anseri fo rmes

Barrow's Goldeneye Bucephala is landica X X X X (R) Y  Sec Y Y Y

Buf flehead Bucephala albeola X X X X (R) Y Sec Y Y Y

Com m on Gol deneye Bucephala cl angula X X X (R) Y Sec Y Y Y

Com m on Merganser Mergus m erganser X X X X (R) Y  Sec  Y Y

Hooded Merganser Lophodytes  cucullatus X X X X (R) Y Sec Y Y Y

Order Falconi formes

American Kest rel Falco sparveri us X X X  Y Sec Y Y

Order S trigi formes

Barred Owl Strix vari a X X X R Y Y Sec  

Boreal Owl Aegol ius funereus X X R Y Sec

Great Horned Owl Bubo v irginianus X X X X X R Y O?  Y R+

Nort hern Hawk Owl Surnia ulula X X X R Y Sec  

Nort hern Saw-whet  Owl Aegol ius acadicus X X R Y Y Sec  Y  

Order P ici fo rmes 

Black-backed Woodpecker Picoides  arc t icus X X X R Y P Y

Downy W oodpecker Picoides  pubescens X X R Y wP Y Y

Hai ry  Woodpecker Picoides  vi llosus X X X X X R Y P  Y Y

Nort hern Fl icker Colaptes  auratus X X X X X  Y  wP Y

Pil eated Woodpecker Dryocopus pileat us X X X R Y Y P  Y  

Red-breas ted Sapsucker Sphyrapicus ruber X X X Y Y P Y A

Three-toed Woodpecker Picoides  tridac ty lus X X X R Y P

Yell ow-bell ied Sapsucker Sphyrapicus vari us X X N Y P A

Order Passeriformes

Tree Swallow Tachyc ineta bi col or X X X X X N  Y   Sec Y  

Viol et-green S wallow Tachyc ineta thalass ina X X X X X N  Y   Sec Y Y

Black-capped Chickadee Parus at ricapillus X X X X X R Y    wP Y  R+

Boreal Chickadee Parus hudsonicus X X X  X R Y wP Y  

Red-breas ted Nuthatch Sit ta canadensi s X X X X X R Y Y wP Y   

White-breas ted Nuthatch Sit ta carolinens is X R  Y Y wP  Y Y  

House Wren Troglody tes  aedon  X X Y   Sec  R+

Winter Wren Troglody tes  t roglodytes X X X X (R) Y   Sec Y  Y A  

American Dipper Cincl us mex icanus X X X X R Y ?   Y  

Mountai n B luebird Sial ia currucoi des X X X X X Y Sec Y  Y

Com m on Grack le Quiscalus quiscula X  X M Y O Y R+

Mammals

Order Chi roptera

Big Brown Bat Eptesicus fuscus X X X X Y Sec     

Hoary  Bat Lasi urus  ci nereus X X X X Y Sec   A  

Litt le Brown M yot is Myoti s luc ifugus X X X X X Y Sec Y A Y

Long-l egged Myot is Myoti s volans X X X Y Sec Y  R+

Nort hern Long-eared M yot is Myoti s septent ri onalis X X X B Y Cv Y

Sil ver-haired Bat Lasi onyc teri s noc tivagans X X X X Y Sec   A

Order Roden tia

Porcupine Erethizon dorsatum X X X X X Y  O  

Nort hern Fl ying Squirrel Glaucomys sabrinus X X X X X Y Y Sec Y  

Red Squirrel Tami asc iurus hudsonicus X X X X X Y Y O Y

Order Carnivora

Fisher Martes pennanti X X X X X B Y Sec Y  Y A  ?

Marten Martes americana X X X X X Y Sec Y Y Y

Black Bear Ursus am ericanus X X X X X Y  Se c ? Y Y

1 Species are ordered alphabeti cal ly by comm on nam e wi thin famili es presented i n conventional  taxonomic order.

3
 "DC" indi cates  spec ies  s tatus  in the Dawson Creek Forest Distric t;  "R" denotes  red lis ted ;

"B",  blue lis ted; as determ ined by the Conservation Data Centre from the B .C.  M inistry  of  E nv ironment ; las t updated December 1,1998.
4 "N" i ndicates  spec ies  is a neot ropi cal  m igrant;  "R" indicates species i s a res ident ; "(R)" indicates spec ies i s resi dent in parts of it s BC range.  
5
 Shrub nester; "H" i ndicates high requirement  of  shrubs for nesting;  "M " i ndicates  m edium  requirem ent of shrubs  for nesti ng 

Ehrlich et al. (1988);  Campbell  et  al.  (1990 a, b, 1997);  "Shr" Indicates species closely  associ ated with shrubs ,  but  not  a shrub nest er. 

Native forest-dwelling vertebrates using cavities i n TFL 48.  

2  B iogeoclim at ic  zones in Brit ish Colum bia are descri bed by  M eidinger and Pojar (1991).   SBS  = Sub -boreal Spruce:   BW BS =  Boreal B lack and Whi te Spruce; ESSF = E nglem ann  

6 G  = generalist speci es,  showing lit tle response to seral s tage;  species favored by part icular seral stages at  the landscape l evel are des ignated "E"(earl y), "M"(middle) , and "L"( late) .

  Spruce-Subalpi ne Fi r.

BEC Zon e 2       
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Appendix  2

Co mmon Name
1

Scientifi c name SBS SBPS SWB BWBS ESSF DC
3

SS
6

Cavity
7

DW
8

Di ameter

AMPHIBI ANS

Long-t oed Salam ander Am byst oma macrodactyl um X X X X G Y

Wes tern T oad Bufo boreas X X X X X G Y

Wood F rog Rana sylvat ica X X X X X G Y

REPTILES

Com mon Gart er Snake Thamnophi s s ir talis X X X X X G Y

Wes tern T errest ri al G art er Snake Thamnophi s elegans X X X X X G Y

BIRDS

Order Anseri fo rmes

Mallard Anas platyrhynchos X X X G O

Com mon Merganser Mergus  s errat or X X X X G Sec O

Order Gal li fo rmes

Blue Grous e Dendragapus obsc urus X X X E O

Ruffed Grouse Bonasa unbellus X X X G O

Spruce Grouse Dendragapus canadens is X X X X G O

Order P ici fo rmes 

Pi leated Woo dpecker Dryoc opus  pileat us X X X M/L P F

Order Passeriformes

Wint er Wren Troglodytes troglody tes X X X X G Sec Y

Townsend' s Sol itai re Myadestes  t ownsendi X X X X X G Y

MAM MALS

Order In sectivora

Com mon Shrew Sorex  c inereus X X X X X G Y

Dusky  Shre w Sorex  m onticolus X X X X X G Y

Pygmy Shrew Sorex  hoyi X X X X X G Y

Water Shrew Sorex  palust rus X X X X X G ?

Order Roden tia

Heat her Vole Phenac omys i ntermedi us X X X X X E Y

Long-t ailed Vol e Microtus longicaudus X X X X E Y

Sout hern Red-backed Vol e Clethrionom ys  gapperi X X X X M/L Y

Deer Mouse Peromy scus mani culatus X X X X X G Y

Least Chipm unk Tami as mini mus X X X X M/L Y

Wes tern Jumping Mouse Zapus princeps X X X X X E Y

Order Carni vora

Red Fox Vulpe s vul pes X X X X X G Y

Lynx Lynx canadensis X X X X X G Y

Erm ine Mus tel a ermi nea X X X X X G O Y

Fish er Martes pennanti X X X X X B L Sec Y

Least W easel Mus tel a nivalis X X X X G O Y

Long-t ailed Weasel Mus tel a f renat a X X X G O Y

Marten Martes americ ana X X X X X L Sec Y

Mink Mus tel a vison X X X X X G Y

Ri ver Otter Lontra canadensis X X X X X G ?

Wolverine Gulo gulo X X X X X B G O

Black Bear Ursus  americanus X X X X X G Sec Y

1 Spec ies are ordered alphabeti cal ly by c omm on nam e wi thin fam ili es presented i n conv entional  taxonom ic order.

3 "DC" indi cates species  s tatus  in the Dawson Creek Forest Dis tr ict;  "R" denotes red listed ;

"B ",  blue lis ted; as determ ined by t he Conservation Data Centre from the B .C.  M inistry of Environment; last updated Decem ber 1,1998.
4 "N" i ndicates species  is a neotropi cal  m igrant;  "R" indicates species i s a resident; "(R)" indicates species  i s resi dent in part s of its BC range.  
5 Shrub nester; "H" i ndicat es high requirement of  shrubs for nes ting; "M " i ndicates  m edium  requirement of shrubs f or nes ti ng 

Ehrlich et al. (1988);  Cam pbell  et  al.  (1990 a, b, 1997);  "Shr" I ndicates  s pecies  c losely associ ated with shrubs , but  not  a shrub nest er. 

7  
P = P rim ary Cavit y Nester, wP = Weak  P rimary , Sec = Secondary Cavi ty Nester (o bligate),  Cv =  Cav e or Crevice (m ay use cav iti es,  espec ially duri ng winter),  O = Opportunist ic.

8  "Y " =  Use downed wood f or reproduc t ion and/or feeding.

9 Strongl y associated wit h deciduous (Dec.= Y) or coni ferous (Con.= Y) Hagar et al. (1995); Campbell  et  al.  (1990 a, b, 1997);
10

 Y  = Riparian obl igate;  A  = r iparian associat e.
11 Y = stat is ti cal ly demo nstrated to pref er edge (p< 0.05); R+ = res pond posit ively t o edge (not  s tatist ically ev aluate d).

12 Y  = fores t interi or species , stat isti cal ly demonstrat ed to avoid edge (p< 0.05).

2  Biogeoclim atic zones in Brit ish Colum bia are desc ri bed by  M eidinger and Pojar (1991).   SBS = Sub -boreal Spruce:   BW BS =  Boreal B lack and Whi te Spruce; ESSF = Englem ann  

6 G  = generalis t speci es,  s howing lit tle response to seral stage; species favored by part icular seral stages at  t he lands cape l evel are designated "E "(earl y), "M"(m iddle), and "L"( late).

  Spruce-Subalpi ne Fi r.

BEC Zon e 2       

Native forest-dwelling vertebra tes assoc ia ted with down wood in TFL 48.  
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