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Executive Summary 
 

Understory associates within the TFL 
A total of 29 bird species occurring on the TFL are strongly responsive to understory (Table 1).  
Small mammals can often substitute down wood and rocks when understory is sought as cover, 
but about 15 species of mammals are strongly responsive to understory cover and at least 8 
show preferences for early seral stages.  Larvae of at least 3 butterfly species present, and 
undoubtedly other insects, feed on particular understory species.  Habitat types most preferred by 
bird species strongly associated with understory are NT (non-treed), followed by older mixed 
woods and hardwoods (Table 2).  Nine species of birds designated as understory associates are 
ranked 2 for at least one Goal within the provincial system of conservation priorities (none are 
ranked 1).  No mammals strongly associated with understory received high ranks (1 or 2).  Of 
high priority understory associates, specific operating guidelines have been formulated for sharp-
tailed grouse; no other species appears threatened by forest practices.  Dusky grouse also is high 
priority, but reasons for its apparent decline are unclear and may reflect a lack of survey data 
from sub-alpine sites.  Much of this species’ global range occurs in British Columbia so 
monitoring should be high priority.  Forestry, however, appears to have little impact on the 
species in the TFL, and responsibility for that monitoring should reside with the Ministry of 
Environment.  
 
Major findings  

1. The conventional index of shrubby habitat – early seral stages – applies less well in the 
northeast than in some other areas because at least 12 species prefer shrubs under 
canopy and a further 8 species are associated with shrubs in boggy, wetland areas 
(Table 1).  Early seral stage is an incomplete index of shrub habitat. 
 

2. Current data suggest that species responding to shrubs under canopy can be indexed by 
amounts of older mixed woods and hardwoods.  The apparent downward trend in mixed 
wood requires monitoring. 
 

3. Vegetation management has large potential impacts on the suitability of early seral 
stages, but the duration of that impact could be so short that there is little overall effect.  
Presently potential impacts are unclear but a study has been initiated to acquire key data 
(§5.3).  
 

4. The contributions of riparian areas to understory habitat are poorly documented, as are 
potential consequences of practices within the Riparian Management Zone.  Of the 66 
species of wetland and riparian associates occurring on the TFL, 48 prefer small 
wetlands and lakes (<5 ha) that are not protected by default riparian guidelines. 

 
Recommendations for planning and practice 
The apparent downward trend in old mixed wood would affect more than understory associates, 
including the region’s keystone excavator.  Harvest scheduling should be reviewed to assess 
whether the current rate of harvest of old mixed wood can be reduced.  Although our review is 
hampered by inadequate information for some potential consequences, there appears to be no 
need to change current practice intended to sustain shrubby habitat.  Lack of some key 
information provides focus to monitoring (§5.3 and 6.3).   
 
Recommendations for monitoring 
Recommendations are summarized separately for implementation and effectiveness monitoring 
(§6.3).  Monitoring should focus on areas where direct or cumulative effects currently are 
unknown and potentially negative (Table 9), and on areas where potential problems are evident 
but data are inadequate to assess them.  Monitoring should be directly linked to practices that 
offer opportunity for improvement.  See §6.3 for details. 



ii 
 

Table of Contents 
Executive Summary ............................................................................................................. i 

Understory associates within the TFL ............................................................................. i 
Major findings.................................................................................................................. i 
Recommendations for planning and practice................................................................... i 
Recommendations for monitoring ................................................................................... i 

2  Understory associates within the DFA ........................................................................... 1 
3  Natural levels of early seral in TFL 48 ........................................................................... 7 
4  Current forest practices and shrubs................................................................................. 8 

4.1  Amounts of multi-storied stands.............................................................................. 8 
4.2  Amount of early seral forest .................................................................................... 9 
4.3  Chemical and mechanical control of non-crop vegetation ...................................... 9 
4.4  Retention of riparian and associated shrubs........................................................... 10 

5  Probable future status of understory cover ................................................................... 10 
5.1  Amounts and trends in ‘multi-storied’ stands........................................................ 10 
5.2  Amounts and trends in early seral.......................................................................... 13 
5.3  Chemical and mechanical control of non-crop vegetation .................................... 14 
5.4  Management of riparian areas................................................................................ 16 
5.5  Cumulative effects ................................................................................................. 17 

6 Summary ........................................................................................................................ 18 
6.1  Major findings........................................................................................................ 19 
6.2  Recommendations for planning and practice......................................................... 19 
6.3  Recommendations for monitoring ......................................................................... 19 

Implementation monitoring ...................................................................................... 19 
Effectiveness monitoring .......................................................................................... 21 

7  Literature Cited ............................................................................................................. 23 
 



iii 
 

List of Tables 
 
Table 1.  Habitat affinity of birds present in TFL 48 that are strongly dependent on shrub cover…2 
 
Table 2.  Percent of documented preferences (out of 36) and avoidances (out of 18) for VRI-
based forest types by birds in TFL 48. ............................................................................................ 3 
 
Table 3.  Nesting and foraging preferences of birds present in the DFA and associated strongly 
with abundant understory (bold = significant at p <0.05).  SAS = group assigned within the 
Species Accounting System. .......................................................................................................... 4 
 
Table 4.  Amounts of early seral used as baselines for targets for shrub habitat in TFL 48........... 8 
 
Table 5.  Current and projected amounts of habitat in the NHLB potentially favourable to shrub 
associates.  The five major forested BEC variants are included. RD = recently disturbed (<31 
years), H2 = old hardwoods (>90 years), MW1 = mixed wood (31 to 90 years), MW2 = mixed 
wood (>90 years), C2 = old conifers (>140 years).  Current values are baseline for 2004; 
projected are based on Canfor’s 20-year plan. ............................................................................. 11 
 
Table 6.  Current and projected amounts of habitat in the THLB potentially favourable to shrub 
associates.  The five major forested BEC variants are included.  RD = recently disturbed (<31 
years), H2 = old hardwoods (>90 years), MW1 = mixed wood (31 to 90 years), MW2 = Mixed 
wood (>90 years), C2 = old conifers (>90 years).  Current values are baseline for 2004; projected 
are based on Canfor’s 20-year plan.............................................................................................. 12 
 
Table 7.  Indices of shrub productivity by BEC variant as derived from VRI (based on data of 
2004). Arranged in descending order of amounts of NT. .............................................................. 14 
 
Table 8.  A conceptual approach to coarse-filter assessment of the contribution of early seral 
stages to sustaining biological diversity for selected variants and forest types in TFL 48. ........... 15 
 
Table 9.  Apparent trends in key variables determining effectiveness of shrubs in sustaining 
biodiversity for TFL 48  (NT = non-forested, including wetland and brush sites, HL = hardwood 
leading, MW = mixed wood).  The most troubling issues are in red.  Practices influencing trends 
are noted. ...................................................................................................................................... 18 
 
   
 



1 
 

1   Introduction 
Many forest-dwelling organisms have strong associations with understory plants, commonly with 
shrubs.  Forest practices modify the relative abundance of understory plants in four major ways: 
1) altering amounts of older forest with well-developed shrub and herb layers, 2) increasing 
amounts of shrubs and herbs by creating early seral stages by logging, 3) reducing shrubs and 
herbaceous plants in early seral stages by vegetation management, and 4) by approaches to 
riparian management (shrubs and understory are naturally abundant in riparian areas).  There are 
three steps in a coarse filter assessment of the effects of forest practices on contributions of 
shrubs and other understory to sustaining biodiversity: 
 

1) Review species present in the DFA and dependent on or strongly associated with 
understory plants (can be reasonably complete only for vertebrates). 

2) Define potential impacts of current forest practices on understory plants.  
3) Assess probable future amounts of understory and its apparent adequacy under current 

practice. 
 
The approach developed is coarse-filter, relying as much as possible on map-based data.  Within 
VRI those data include early seral stages and shrub habitat distinguished as low and tall shrub.  
Species composition is not available nor is it apparent whether grasses, herbs or shrubs are most 
dominant in early seral stages.  We recognize those limitations, focus much of our effort at 
assessment on shrubs, but discuss relations with other plant species contributing to the 
understory. 
 
2  Understory associates within the DFA  
Many species respond positively to shrub or other understory abundance that can be influenced 
by forest practices (Bunnell et al. 1999).  Species may rely on vegetation other than crop trees for 
several reasons:   

• Nest sites – some bird species locate most of their nests within shrubs (e.g., Swainson’s 
thrush, dusky flycatcher), others are primarily ground-nesting and rely on shrub or other 
vegetative cover, including grasses, to conceal the nest (e.g., Canada warbler, Wilson’s 
warbler; Table 3).  Several ground-nesting birds do seek cover under vegetation (e.g., 
dark-eyed junco), but tend to find sufficient amounts in most habitats so are considered 
habitat generalists. 

• Forage – forage (including fruits and seeds) may be consumed directly, as by moose, 
bears, hares and a few birds (e.g., cedar waxwing, sharp-tailed grouse).  Many shrubs, 
particularly the taller ones, are deciduous.  Because deciduous leaves are replaced 
annually they invest less in chemical defense than do coniferous leaves.  They thus 
support numerous insects and other invertebrates that are fed on by amphibians, birds 
and mammals (e.g., shrews).  Larvae of some butterfly species prefer or are restricted to 
particular understory species.  

• Cover – non-crop vegetation provides cover to a wide range of species foraging or 
dwelling on the ground (rodents and shrews).  To a considerable degree other habitat 
elements can substitute (e.g., down wood and rocks). 

• Substrate – some lichen species are largely restricted to shrubs. 
 
Harvesting typically increases understory abundance by allowing more radiation, while vegetation 
management can reduce abundance for at least short periods.  Data documenting associations 
with understory plants are most complete for vertebrates and among vertebrates are most 
complete for birds.   
 
Birds:  From published literature we estimated that 27 bird species potentially within the DFA are 
strongly reliant on understory cover, commonly shrubs.  Seven of these breed primarily in non-
forested habitat (four in grasslands and shrublands, and three in the subalpine and alpine).  
Among species in forests, two are at the western or northern edge of their range (Connecticut 
warbler and veery) if present; there currently are no records of them within the DFA (Tables 1 and 
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2).  Table 1 reports the degree to which birds present in the DFA and associated with understory 
plants are associated with particular habitat types in the DFA (7 years of data).  Habitat affinity 
was evaluated for 7 forested habitats, including recently disturbed (RD), and two non-forested 
habitats (NV and NT).  Habitat types in the table are designated:  RD = Recently Disturbed (<31 
years); H1 = Hardwood-leading (31-90 yrs), H2 = Hardwood-leading (>90 yrs), C1 = Conifer-
leading (31-140 yrs), C2 = Conifer-leading (>140 yrs), MW1 = Mixed wood (31-90 yrs), MW2 = 
Mixed wood (>90 yrs).  NT = non-treed (e.g., non-commercial brush, wetlands, pasture, alpine 
meadows, seismic cutlines); NV = non-vegetated (e.g., roadsides, gas wells, urban areas).  Bold 
in the table indicates a significant preference for the habitat type (p < 0.05); bold indicates 
significant avoidance of the habitat type.  Tests include the Bonferroni correction. Habitat types in 
[ ] represent types to which the species has been assigned within the species accounting system 
when corroborative field data are lacking or sparse.   Blank spaces indicate that the species has 
not been recorded from survey routes for the TFL but is known or believed to be present.  First 
and second choices indicate the apparent habitat preferences as expressed in the data.  We also 
indicate the habitat type most strongly avoided.  
 
Values in Table 1 can be interpreted as a simple selection ratio of times observed over times 
expected if the birds distributed themselves across available habitat types without expressing 
choice.  A value of 1.0 indicates the species was recorded in the type in the same ratio as the 
type was sampled, indicating no preference for or against the type.  For example, the preference 
ratio of red-eyed vireo is 8.25 (33/4) for its first choice (NT, reflecting its preference for brushy 
habitat) and 3.7 (26/7) for its second choice (H2).  The vireo significantly avoids old conifer 
(0.127; 3/25).  Similarly, the alder flycatcher shows a strong preference for NT for similar reasons 
(3.33; 50/15) and strongly avoids old conifer (14/83 = 0.17; Table 1).   
 
 
Table 1.  Habitat affinity of birds present in TFL 48 that are strongly dependent on shrub cover. 

  Cons Habitat affinity Territory  
Species N Prio a 1st Choice 2nd Choice Avoid Size (ha) Trend b 
Grasslands & shrublands       
Clay-colored Sparrow  29 4(2) 12/1 NT 5/1 NV 1/6 C1 0.1-0.4 -1.7 
Northern Shrike  0 4(2) [NF]   100-150 nd 
Savannah Sparrow 47 6(1,2,3) 25/2 NT 8/1 NV 3/10 C1 0.2-0.9 -0.1 
Sharp-tailed Grouse 2 2(2) [NT]   NTc -4.8 
Bogs, wetlands & riparian       
Alder Flycatcher 429 6(1,2,3) 50/15NT 288/150RD 14/83 C2 0.2-3.0 -0.6 
Common Yellowthroat  22 5(1) 8/1 NT 3/1 MW2 3/8 RD 0.2-0.9 0.8 
Lincoln’s Sparrow  384 6(1,2,3) 90/13 NT 46/10 NV 130/75 C1 0.1-0.2 2.5 
Song Sparrow 12 6(1,2,3) 6/4 RD 3/2 H1 0/1 H1 0.1-0.4 -0.9 
Veery 0 2(2) [R, H2]   0.25-0.5 0.0 
Wilson’s Warbler   909 2(2) 116/48 RD 340/272 C2 7/65 H1 0.2-0.6 -1.7 
Yellow Warbler  359 2(2) 59/12 NT 65/19 H2 23/70 C2 0.05-0.8 0.0 
Yellow-bellied Flycatcher 102 4(2) 8/3 NV 59/36 RD 7/20 C2 0.3-1.0 2.9 
Shrubs under forest       
Canada Warbler  28 2(2) 13/1 H1 2/1 H2 1/10 RD 0.2-1.2 nd 
Cedar Waxwing  43 6(1,2,3) 6/1 NT 14/9  C1 0/16  RD NTd 0.3 
Connecticut Warbler 0 2(3) [H2] [MW2]  0.25-0.5 3.1 
Dusky Flycatcher  24 4(2) 5/1 NT 4/1 MW2 2/8  C1 0.7 -1.2 
Fox Sparrow 21 5(1) 9/4 C1 2/1 NT 0/1 H1   
MacGillivray’s Warbler  229 5(3) 18/8  NT 18/13 MW2 3/11  H1 0.8-1.7 -0.6 
Mourning Warbler    115 4(2) 20/6 H2 13/4 NT 10/22  C2 0.6-1.0 -2.7 
Orange-crowned Warbler 596 5(3) 101/21 NT 246/208 RD 30/116  C2 0.2-0.7 -1.1 
Red-eyed Vireo 128 2(2) 33/4 NT 26/7H2 3/25  C2 0.9-3.7 -0.9 
 
Swainson's Thrush  3439 

 
2(2) 

298/119  
NT 

293/196 
MW2 

838/1202  
RD 

 
0.9-2.1 

 
-0.2 

 
Tennessee Warbler   747 

 
6(1,2,3) 97/26 NT 58/43  MW2 11/35  H1 

 
NT 

 
3.6 

White-throated Sparrow  1249 6(1,2,3) 160/43 NT 134/66 H2 80/243  C2 0.2-3.0 0.0 
Alpine Shrublandse        
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Dusky Grouse 1 2(2) [subalpine]   nd ndf 
Golden-crowned Sparrow 23 6(1,2,3) 20/8  RD  0/5  C1 1.0 nd 
Gray-crowned Rosy Finch 0 6(1,2,3) [6t]   NT nd 
 
a Conservation Priority under the provincial system (1 = highest; 6 = lowest).  Highest two priority classes in bold.  Number 
in brackets indicates the highest ranked Goal (see text, p. 6).   b Trend in western BBS routes as analyzed by CWS; %/yr; 
significant trends in bold (positive in blue; negative in red); sample sizes usually are too small to yield significant 
estimates. c Males establish very small territories at leks.  d Non-territorial; 10+ nests/ha for waxwing,  e Includes subalpine. 
Significant preference; Significant avoidance (p < 0.05). f  Dusky Grouse is not separated from Sooty Grouse. 
 
Excluding species largely restricted to grasslands and alpine shrublands, plus the species for 
which we have <20 records, leaves 18 species or 36 first and second choices.   
 
 
Table 2.  Percent of documented preferences (out of 36) and avoidances (out of 18) for VRI-
based forest types by birds in TFL 48. 
 

 Vegetation type 
Response NT&NV MW2 H2 RD C1 H1 C2 
Preference 47 15 15 12 6 3 3 
Avoidance 0 0 0 29 12 18 42 

 
The vegetation types or classes in Tables 1 and 2 are those of the BC Land Cover Classification 
System (BC MoSRM 2002).  Of the apparent preferences,16 are for NT and NV (10 statistically 
significant).  The bulk of these are for NT, reflecting preference of many understory associates for 
brushy, often moister areas. There are 10 documented preferences for older hardwoods and 
mixed woods, 4 for recently disturbed and only 3 for conifer-leading stands (only 1 of these latter 
significant; the Wilson’s warbler shows a preference for older conifer stands as its second 
choice).  Birds associated with open areas of grasses, forbs and shrubs show first or second 
preferences for non-forested types (NV and NT) in all instances for which data were available.  
The tendency for grassland associated species to decline (Table 1) is general throughout western 
North America. 
 
Expressed avoidance is equally informative.  Of the 17 assessed instances of avoidance, 15 are 
statistically significant (p < 0.05).  Seven of those significant are avoidance of old conifer, 3 each 
of recently disturbed and young hardwoods, and 2 of young conifer.  

 
Several points pertinent to forestry practices and their evaluation are apparent.  First, the primary 
habitat choice of understory associates not largely limited to grasslands is the forest itself (18 of 
34).   The value is actually higher, as many preferences for NT reflect preference for wetter areas 
within forests.  Of these 18, 10 are for older hardwood or mixed wood types and secondarily for 
recently disturbed areas.  Younger, more densely stocked stands were sought less often (only 
once) than were either older stands or recently disturbed areas.  Evaluating avoidance illustrates 
the importance that older hardwood or mixed wood stands make to supporting understory 
associates:  no species avoided older hardwoods or mixed wood, 7 avoided older conifer, and 5 
avoided recently disturbed areas.  There are two major implications to coarse-filter assessment of 
shrub-associates: 1) assessment cannot be restricted to early-seral stages, 2) most mixed wood 
stands and older hardwood stands contribute significantly to sustaining shrub associates.   
Preference for moist, shrubby inclusions and recently disturbed (20 of 34 primary choices) 
indicates that vegetation management of recently harvested areas has potential to impact 
species.  
 
Assigning understory associates to the most informative class within the species accounting 
system is somewhat arbitrary because species show varying flexibility in habitat use.  Table 3 
summarizes major natural history features of the species and the group within the species 
accounting system to which the species is assigned.   
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Table 3.  Nesting and foraging preferences of birds present in the DFA and associated strongly 
with abundant understory (bold = significant at p <0.05).  SAS = group assigned within the 
Species Accounting System. 

 
Species Obs 1st Choice SAS Nesting Foraging 
Grasslands & shrub lands    
Clay-colored Sparrow 29 NT 6mm/3u Shrubs or low veg GL : from low vegetation 
Northern Shrike 0 [NT] 6mm/3u Trees and shrubs Aerial in open, shrubby areas 
Savannah Sparrow 47 NT 6gr Ground under veg GL: ground, low foliage 
Sharp-tailed Grouse 2 [NT] 4 Grass & low shrub GL: ground, forbs 
Bogs, wetlands & riparian     
Alder Flycatcher 429 NT 3u/2:NT,RD Shrubs HA & GL:  usually from air 
Common Yellowthroat 22 NT 3u,r,w Ground or low veg GL: ground & low vegetation 
Lincoln’s Sparrow 384 NT 3u/2:NT,R Ground in willow & 

dwarf birch 
GL: ground & low vegetation 

Song Sparrow 12 RD 3u,w/2:RD Ground, low grass, 
shrubs  

GL: ground & low vegetation 

Veery  0 [R,H2] 3u,r,w/2:H Ground, shrub GL: ground, shrubs, trees 
Wilson’s Warbler 

909 
RD 3u/2:R,NT

,C2 
Ground beneath 
understory veg  

GL: mostly willow & other riparian 
shrubs 

Yellow Warbler  359 NT 3u/NT,H2 Shrub, sapling GL: low in trees, shrubs 
Yellow-bellied Flycatcher 

102 
RD 3u/RD,NV On or near ground 

under vegetation 
HA or ‘sally gleaning’ 

Shrubs under forest     
Canada Warbler 

28 
H1 3u/2:H1 On or near ground 

in dense vegetation 
GL:  shrubs & low tree branches 

Cedar Waxwing 43 NT 3u/2:NT Shrub or low in tree Plucks fruit, HA 
Connecticut Warbler 

0 
[H2] 3u/2:H2, 

MW2 
Ground or shrubs PR: ground or low shrubs 

Dusky Flycatcher 24 NT 3u/2:MW1 Taller shrubs HA 
Fox Sparrow 

21 
C1 3u/2:C1,NT On ground, in 

shrubs, low trees 
GL: ground or leaf litter 

MacGillivray’s Warbler 
229 

NT 3u/2:NT, 
MW2 

On or near ground 
in dense vegetation 

GL: ground or just above 

Mourning Warbler 
115 

H2 3u/2:H2  On or near ground 
in dense vegetation 

GL: shrubs and other vegetation 

Orange-crowned Warbler 
596 

NT 3u/2:NT,RD  Ground under veg, 
shrubs 

GL:  usually shrubs 

Red-eyed Vireo 
128 

NT 3u/2:NT,H2 Taller shrubs, 
saplings 

GL,Pr, HA: canopy, shrubs  

Swainson’s Thrush 
3439 

NT 3u/2:NT, 
MW2 

Understory shrub & 
sapling thickets 

GL: ground & low vegetation 

Tennessee Warbler 
747 

NT 3u/2:NT, 
MW2 

Ground, base of 
shrub or small tree 

GL: shrubs, small trees 

White-throated Sparrow 
1249 

NT 3u/2:NT, 
MW2 

On or near ground 
in dense vegetation 

GL: ground, low vegetation 

Alpine shrublands      
Dusky Grouse 1 [subalpine] 2:NT,6t On ground, under 

cover 
GL: ground, low vegetation 

Golden-crowned Sparrow 23 RD 6t/2:RD Ground, shrubs  GL: ground & low vegetation 
Gray-crowned Rosy Finch 0 [alpine] 6a Rock crevices, 

ground 
GL: ground & low vegetation 

 
Assignment within the Species Accounting System is based on the major breeding habitat (the 
diet of dusky grouse during winter, for example, is conifer needles).  With two exceptions, species 
breeding primarily in grasslands and alpine shrublands were assigned to Group 6 that represents 
those non-forested types.  Dusky grouse often seek out sparsely treed subalpine meadows 
(2:NT).  The sharp-tailed grouse seeks out very particular breeding habitat that can be located 
within several of the broad forest types evaluated here.  Specifically, it seeks openings dominated 
by relatively dense herbaceous cover and shrubs, but species of vegetation may vary greatly.   
Generally, structural diversity of habitat, including stands of grasses, forbs and shrubs, provides 
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high-quality nesting area.  Leks form the hub of breeding habitat and usually occur on elevated 
areas, but lower areas such as muskeg also are used.  During winter sharp-tailed grouse typically 
seek hardwood stands, where they feed on buds; dusky grouse seek conifers where it feeds on 
needles.  Canfor created guidelines for sharp-tailed grouse and their other Group 4 species.  
Because the dusky grouse appears little affected by forest practices, monitoring is not 
recommended.   
 
Several species exhibiting a significant preference for ‘NT’ within forests generally are associated 
with wetland, riparian or other moist areas within forests.  The nature of BBS surveys means that 
they rarely sample wetland and riparian habitats directly.  Moreover, these moist areas may 
represent only small inclusions.  Dense shrubby growth generally is more common in moist 
areas, but species will use it where it occurs on upland sites.  For example, species such as the 
common yellowthroat and Lincoln’s sparrow use upland types provided there is dense 
undergrowth; likewise, yellow warblers occur in upland hardwood types, provided shrubby 
thickets are available.  The boundary between species grouped under ‘bogs, wetlands and 
riparian’ and those grouped under ‘shrubs under canopy’ in Tables 1 and 3 is not firm.  What is 
clear is that all 10 of the understory-associates linked to wetter habitat are strongly associated 
with shrubby vegetation, often dense thickets.  Their appearance in more upland types is 
consistently associated with patches or thickets of dense shrubs, willows or stunted trees. 
 
The frequent statistical association with habitat type NT is helpful in guiding management 
practices, but less so in coarse filter assessment because attributes of the type are not 
consistently represented within VRI.  As a result, NT is less readily tracked than types such as 
MW2 or H2. Many understory associates, however, can be monitored by broad forest types 
provided practices do not deplete understory vegetation.  Within the species accounting system 
these species are typically represented ‘3u/forest type’; e.g., red-eyed vireo 3u/2:NT,H2; and 
mourning warbler 3u/2:H2 (Table 3).  Provided shrubs are present, amounts of favourable habitat 
can be tracked by the forest type designated in Table 3.  For example, Canada warbler is 
designated 3u/2:H1 in Table 3.  Aspen was the dominant species in 99% of sites occupied by 
Canada warbler throughout northeastern BC, but the species was present only when a well-
developed shrub layer also was present (Campbell et al. 2007).   Red-eyed vireos show a similar 
response.  Knowing dominant forest type for a rare species – like primarily aspen with few 
conifers for Canada warbler – permits targeted sampling, but does not mean the species will be 
present.  For this reason, even species largely restricted to a particular forest type in Table 2 are 
initially accounted for within Group 3 (understory) rather than in Group 2 (habitat type).  The intent 
is threefold: 1) to acknowledge species that will be impacted if understory is depleted, 2) to 
ensure that evaluation of practices affecting understory are undertaken, and 3) to indicate where 
any species-specific monitoring should include understory.   Provided forest practices have no 
enduring effect on understory vegetation, many understory associates can be monitored by forest 
type.  
 
Associations with specific groups of the Species Accounting System are not always sharply 
defined.  Species such as dusky flycatcher, red-eyed vireo and Swainson’s thrush seek out taller 
shrubs with a canopy above them.  For this reason their primary choices typically include more 
patchy older stands (e.g., H2, MW2). Under-sampling of riparian areas is evident.  Had riparian 
been adequately sampled more observations would be obtained for some species and their 
statistical association with habitat would be 2:R (riparian).  Species such as the orange-crowned 
warbler and MacGillivray’s warbler require shrubby cover but use a variety of forest types.  Within 
the sampling they are common in recently disturbed areas.  These two species would likely 
exhibit strong associations with riparian areas if those were adequately sampled.  There is a 
gradient.  The rose-breasted grosbeak is strongly associated with tall shrubs, but nests up to 6 m 
so is accounted for by hardwood and mixed wood forest types.  The ovenbird nests on the 
ground, often under vegetation, but is strongly associated with mixed wood and hardwood forests 
so also is accounted for directly by forest type.  The dark-eyed junco seeks cover under 
vegetation but is able to find that in many habitat types and is treated as a habitat generalist. 
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Nine species of birds designated as understory associates are ranked 2 for at least one Goal 
within the provincial system of conservation priorities (none are ranked 1).  Eight species ranked 
2 within Goal 2 (Table 1).  Goal 2 is intended to be proactive and provide early detection of 
threats, thereby reducing the need for costly recovery actions.  It is facilitated by considering all 
native species, rather than focusing solely on those already ‘at risk’.  Sharp-tailed grouse is 
designated ‘at risk’ and specific guidelines have been developed for the species when it is 
encountered.  During breeding dusky grouse primarily inhabits areas outside the forest land base 
(6a,NT); it winters in conifers.  The apparent decline is less clear now that the blue grouse has 
been divided into two species – dusky and sooty grouse.  Forestry should not adversely impact its 
preferred breeding habitat (6a,NT,2:RD) and there appears ample higher elevation conifer for 
winter habitat.  If the veery occurs it will be rare, because the species is at the northwestern limit 
of its range that extends across the continent.  Current estimates from western BBS routes 
suggest the veery population is stable.  Like the veery, Wilson’s warbler and yellow warbler are 
primarily riparian associates, appear adequately served by Canfor’s riparian practices and are 
relatively abundant in the DFA (Table 1).  Canada warbler, red-eyed vireo and Swainson’s thrush 
all are associated with shrubs under canopy.  Canada warbler is designated at risk because of 
declines in eastern Canada; it is spreading west and is at the western most edge of its range in 
TFL 48, so abundance is not expected to be high.  The Swainson’s thrush is one of the most 
abundant birds in the DFA and the red-eyed vireo is relatively common in appropriate habitat 
(again NT is preferred).  One species (Connecticut warbler) ranks 2 in Goal 3 that represents 
efforts to sustain all native species, even when they are rare in BC and abundant elsewhere.  
Goal 3 ensures that challenging, jurisdictionally rare species will not be ignored in pursuit of Goal 
2.  The Connecticut warbler is rare in the province and at the easternmost edge of its range (<5% 
of its known range occurs within the province). It has yet to be detected within the DFA but may 
continue its expansion west.  
 
Amphibians and reptiles:  All amphibian species and both of the snakes occurring within the TFL 
show a preference for riparian areas.  They therefore also tend to be associated with hardwoods 
and shrubs.  Deciduous leaf litter supports greater abundance of invertebrates than does conifer 
litter so we might expect insectivorous amphibians to seek deciduous cover.  However, it appears 
that their primary association is with riparian areas and that associations with shrubs or other 
understory are a secondary consequence.  No snake ranks in the upper two priorities of the 
provincial conservation system.  The western toad and wood frog rank 2 in Goal 2; both are listed 
as of ‘Special Concern’ by COSEWIC.  The wood frog is abundant in the area and an explosive 
breeder, using even ephemeral ponds; it is not threatened by forest practices.  The toad is 
uncommon in the area but appears equally a generalist in its habitat selection.  The COSEWIC 
(2002) assessment states: “The western toad will breed in an impressive range of natural and 
artificial aquatic habitats — from the shallow margins of lakes to roadside ditches. It does not 
seem to matter if the sites have tree or shrub canopy cover, coarse woody debris, or emergent 
vegetation.”  COSEWIC notes that the practice of stocking lakes where fish do not occur naturally 
may be one of the biggest threats to the western toad. The fish do not eat this species, but they 
do carry diseases to which the tadpoles and toads are susceptible.  It is unlikely that forest 
practices impact the species.   
 
The Columbia spotted frog is ranked ‘1’ within Goal 2 of the provincial conservation framework.  It 
has been evaluated by COSEWIC and found to be ‘not at risk’.  This frog also is very much a 
habitat generalist seeking permanent lakes, ponds, slow-moving streams and marshes in a wide 
variety of wetlands, forest types, grassland, sage brushland and even alpine tundra.  They prefer 
thick algae and abundant aquatic vegetation for cover and tend to hide in rushes, sedges and 
grass.  It also is unlikely to be affected by forest practices, provided wetlands are maintained.  
Like the 3 wetland associated birds ranked 2 (Table 1) the Columbia spotted frog, western toad 
and wood frog all exploit small wetlands, suggesting that practices around small wetlands merit 
attention. 
 
Mammals: Mammals within the TFL make use of shrubs in a variety of ways.  Some seek fruits 
(e.g., black bears), some rely greatly on shrubs as forage (e.g., hare, moose, mule deer and 
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white-tailed deer), others (primarily shrews and rodents) use understory primarily as cover, but 
sometimes as food (e.g., meadow vole).  Use of the fruits, twigs and foliage of understory plants 
is more important than use as cover because the use of understory as cover often can be 
substituted by down wood or rocks (see Bunnell et al. 2009a).  Usually, shrubs have to be several 
years old and growing in the open to provide fruit.  Shrubs providing winter forage must be old 
enough and tall enough to project above the snow.  For the larger mammals, the tall shrub class 
of the BC Land Classification System is most revealing, but inadequately mapped.  Most 
mammals strongly associated with understory are habitat generalists, occurring in a wide range of 
habitats, and use understory primarily as cover; 8 species of small mammals are associated with 
early seral stages.  The meadow vole is an exception, feeding largely on grasses and herbs, and 
is not associated with forest cover (Group 6).  Only five forest-dwelling mammals appear to 
consistently seek out understory (in both cases shrubs) regardless of what forest type they are in 
– the snowshoe hare, elk, moose, mule deer and white-tailed deer.  Within the BC conservation 
framework the highest ranking attained by any of these is 5. That is, there is no perceived threat.  
Such low ranks are to be expected for species that are generalists with respect to broad habitat 
types.  Forest practices could have impact if they enacted an enduring reduction of understory 
cover. 
 
Non-vertebrate groups: We know less of associations of non-vertebrate groups with understory in 
boreal forests than we do for vertebrates.  Elsewhere, many plant species host fungi and insect 
species unique to that plant.  That condition likely applies within the TFL as well.  For example, 
most of the 54 butterfly species use specific herbs or shrubs as larval food sources (a few use 
overstory trees).  Within TFL 48 we explicitly labeled 21 butterfly species as having understory as 
a secondary habitat association (e.g., larvae of the hoary elfin (Incisalia polia) feeds on bearberry; 
the polar fritillary (Clossiana Polaris) feeds on Dryas species).  None of these appear to rank 1 or 
2 in conservation priorities.  In southeastern British Columbia, some lichen species were found 
only on shrubs and not on trees, snags or down wood (Bunnell and Houde 2007).  In NE BC, two 
lichens are primarily associated with understory (Cetraria sepinocola and Phaeophyscia 
kairamoi), but do not appear restricted to shrubs.  Unlike lichens, we found no evidence of moss 
species being restricted to shrubs. Orthotrichum rivulare is found in variety of habitats (a group 1 
species) and also is sometimes found on shrubs. 
 
Current data indicate few map-based data that can assess provision of understory habitat, other 
than the area of NT, NV, older mixed wood and hardwood stands (Table 2) and early seral 
stages.  These are incomplete because many of the NT inclusions important to birds (Table 2) 
are too small to be consistently mapped yet are favourable for species other than birds, such as 
small mammals and non-vertebrates.  Although area of tall shrubs as reported by VRI provides 
an index it does not capture shrubs under canopy, so is also incomplete.  These map-based 
indices provide partial evaluation, but practices must also be evaluated for potential enduring 
reductions in shrub cover or modification of cover near wetlands. 
 
 
3  Natural levels of early seral in TFL 48 
When creating its SFM plan Canfor assumed that early seral habitat would provide the forms of 
understory required.  Indicator 3.8 in the current SFMP for TFL 48 indirectly addresses understory 
by defining a minimum percentage of early seral stage in each NDU (Natural Disturbance Unit).  
Forests less than 31 years old are designated as early seral (RD) and assumed to provide 
shrubby habitat.  VRI (Vegetation Resource Inventory) defines shrub habitat as low shrub or tall 
shrub and provides an estimate of naturally occurring shrub habitat; both NT and NV within the 
Inventory also encompass other understory plants but neither is part of the managed forest.  
Targets were set by reviewing the amount of naturally occurring shrub habitat by NDU and 
amounts of forest less than 31 years old (as the stand closes, understory is suppressed by the 
taller trees, and in conifer stands remains uncommon until the stand opens naturally).  Initial 
targets for amount of desired early seral are summarized in Table 4.  
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Table 4.  Amounts of early seral used as baselines for targets for shrub habitat in TFL 48.  

 
 
Natural Disturbance Unit 

 
% early seral 

 
Major associated BEC units 

Boreal Plains – Upland 14 BWBSmw1, BWBSwk1, BWBSwk2, 
Boreal Foothills – Valley 12 BWBSwk1, BWBSmw1 
Boreal Foothills – Mountain 11 ESSFmv2, ESSFwk2, ESSFwc3 
Omenica Valley 7 BWBSwk2, SBSmk2 
Omenica Mountain 10 ESSFmv4 
Wet Mountain 7 ESSFwk2, ESSFwc3, SBSwk2, 

ESSFmv2 
 

There are two broad difficulties with these targets.  The first is that among bird species within the 
DFA, understory associates are more likely to avoid early seral (RD) than seek it out (Table 2).  
That is less true of mammals and early seral stages remain a useful, though incomplete 
appraisal.  Areas of older hardwoods and mixed woods and amounts of NT provide a more 
complete assessment.  The second difficulty relates to the nature of NDUs.  Natural targets for 
early seral derived from NDUs are a useful first approach to establishing targets.  Unfortunately, 
the rate of climate change suggests that they describe historical conditions that no longer hold.  
Targets derived from NDUs are becoming less reliable for evaluating effectiveness.  There are 
four reasons:  1) many organisms show strong affinities for specific forest types, BEC units or 
riparian habitats, but the less well-defined NDUs encompass several BEC units, 2) climate 
change undoubtedly has already shifted boundaries of NDUs and will modify them faster than it 
will modify BEC units (although mobile organisms resident in BEC units already are shifting 
relative density in response to climate change), 3) NDUs are so large relative to the TFL that they 
can become misleading as targets (e.g., the proportion of each NDU within the TFL varies from 
<1% to 43%), and 4) relationships derived for BEC units or forest types are more readily 
generalized.  The latter means that data collected from different DFAs are more readily shared 
among DFAs when stratified by broad habitat types or BEC units. Relationships derived for NDUs 
are more difficult to generalize to other Divisions of the company.  Across northeastern DFAs, 
cover type appears to have more generality than BEC unit.   
 
 
4  Current forest practices and shrubs 
Within the DFA, four forest practices are likely to affect the abundance of shrub cover:  
 

1) amounts of multi-storied stands (older stands with a well-developed shrub layer),  
2) amounts of early seral created naturally or by harvesting, 
3) chemical and mechanical control of non-crop vegetation, and  
4) management of riparian areas that are frequently shrubby.  

 
The area designated ‘NT’ is not commercial forest land, but its suitability for understory 
associations could conceivably be impacted by adjacent practices.  
 
4.1  Amounts of multi-storied stands 
Multi-storied stands evolve naturally with age, but amounts can be influenced by forest practices 
beyond harvest scheduling and rate of cut.  Two activities specified within the SFM plan for TFL 
48 will create multi-storied stands.  Canfor employs selection, shelterwood and irregular 
shelterwood harvesting in visually sensitive areas and to maintain the naturally multi-storied 
structure of older balsam and spruce stands in the ESSF and SBS.  The retention of patches 
within prescribed areas also creates multi-storied stands with time.  Forms of shelterwood 
harvesting are applied over a small area and are unlikely to benefit understory associates 
because conifer stands are much more commonly avoided than preferred (Table 2).  Guidelines 
for retention apply over the entire TFL.  Within the SFM plan these are that the cumulative 
proportion of wildlife tree patches will be at least 8% by BEC subzone.  Currently, for all BEC 
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zones 20,644 ha are under prescription and 2,626 ha are in WTPs (13% across the tenure).  
Effects of these practices on shrub associates have not been documented, but are more likely 
positive than negative.  
 
It is apparent that understory-associated birds tend to seek out older hardwood and mixed wood 
stands that frequently have a shrubby understory or small moist inclusions in the forest (often NT 
in the VRI; Table 2).  The simplest way to evaluate the likely trends in multi-storied stands is to 
consider trends in total amounts and proportions of three broad forest types: late seral 
hardwoods, late seral mixed wood and NT inclusions.  Amounts in the NHLB as well as THLB 
should be tracked. 
 
4.2  Amount of early seral forest 
Presently (2004 data), all but one NDU are at or above targets for amounts of early seral 
summarized in Table 4.  The Omenica Mountain NDU currently has 8% early seral habitat, below 
the target of 10%.  Canfor undertook forecasting for this indicator by tracking the proportion of 
forest stands that are less than 30 years old over a 250-year planning horizon.  Projected 
management scenarios in the Omenica Mountains predict the amount of early seral habitat to 
increase above targets.  That analysis included no site conversion or brush rehabilitation 
(Vegetation management; §4.3 below).  It is difficult to incorporate natural disturbance into such 
projections and it is apparent that the frequency of fire in the boreal forest already has increased 
concomitant with global warming (e.g., Flannigan et al. 2005; Stocks et al. 1998; Xiao and 
Zhuang 2007).  The amounts of early seral will increase regardless of forest practices. 
 
In terms of evaluating coarse filter measures intended to sustain shrub-associated organisms the 
point is largely moot, because relying on early seral stages appears inadequate.  Tests of 
selection for understory-associated birds within the TFL show that recently disturbed sites were 
more often avoided than selected (Table 2).  Several species showing preference for early seral 
(RD) would likely have shown preference for riparian habitat if those had been adequately 
sampled by BBS.  Other species seek understory in brushy, moist inclusions (NT) or under 
canopy of older hardwood and mixed wood stands (Table 2).   
 
What is clear is that the evaluation of habitat suitability for understory-associated birds is informed 
by tracking amounts of early seral stages but must extend beyond early seral stages to include an 
index of multi-storied stands, whether created naturally or by practice.  Many of the mammal 
species associated with understory are more likely to benefit from early seral, and at least 8 small 
mammal species appear to do best in early seral. 
 
4.3  Chemical and mechanical control of non-crop vegetation 
The SFM plan for TFL 48 does not provide guidelines for vegetation management.  It is apparent, 
however, that >80% of prescribed blocks are treated over at least a portion of the prescribed 
area.  That treatment is intended to reduce competition with crop trees, primarily by shrubs and 
grass.  Manual treatment is rare and most treatment is by aerially-applied chemicals.   Over a 10-
year period the proportion of harvested area on which Canfor applied vegetation management 
averaged 75%, or about 1000 ha per year.  Stands managed for hardwoods typically receive no 
vegetation management.  From the perspective of biodiversity, the period of recovery can be 
estimated only in terms of species’ responses. 
 
Reductions in shrub and other understory cover through vegetation management could be either 
permanent or temporary.  Because many shrub species in the region (including young hardwood 
trees) regenerate readily both vegetatively and by seed, the period immediately after vegetation 
management is unrevealing of longer-term consequences.  Shrubs could be absent immediately 
following treatment but gradually return to the site.  Short-term reduction is significant only if 
shrubs or other understory are limiting overall.  The primary issue is the amount of area on which 
vegetation management is applied and the duration of the suppression of favourable cover as 
perceived by shrub associates (see §5.3). 
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4.4  Retention of riparian and associated shrubs 
Riparian and wetland areas often host abundant shrubs as well as hardwood tree species.  As 
well, shrubs common in riparian areas readily enter nearby larger forest openings, especially on 
moist sites.  Among birds, several understory affiliates in Table 1 (along with 7 cavity nesters and 
some species considered Group 2 – monitored by forest type) show a marked preference for 
streamside riparian; others prefer boggy, wetland areas.  That preference commonly appears as 
‘NT’ within the VRI. Statistical associations with riparian areas are poorly estimated because BBS 
routes provide an inadequate sample of riparian. More broadly, among the 2702 vertebrate 
species occurring on the TFL, at least 66 show a strong preference for riparian or wetland areas.  
Many of them use these areas for reasons other than the abundance of shrubs, but some rely 
heavily on shrubs and other understory in riparian or wetland areas (e.g., northern waterthrush, 
Wilson’s warbler, yellow-bellied flycatcher, white-tailed deer, moose).  Some birds make frequent 
use of shrubs for nesting, but overall do not attain our operational definition of a shrub nester as 
having two-thirds of nests in or under shrubs (e.g., common grackle).  Other species nest under 
dense vegetation but tend to find enough in a wide range of habitats (e.g., dark-eyed junco).  That 
is, there are several species that use understory intensively but are not included in Table 1.  For 
many of these species, potential negative consequences of upland vegetation management are 
reduced provided understory, and particularly shrubs, in riparian areas are maintained.  Key 
questions addressing the likelihood that riparian guidelines and practices retain understory 
associates include: 
 

• What is the area of riparian that supports ample growth of shrubs and other understory?  
• Do practices in riparian areas maintain shrubs? 
• Are NT sites, specifically non-commercial brush, significantly impacted by forestry 

practices? 
 
 
5  Probable future status of understory cover  
Understory cover is stimulated by natural disturbance regimes such as fire and by forest 
harvesting.  Both the NHLB (non-harvestable land base) and the THLB (timber harvesting land 
base) make contributions to understory cover, as do areas not classified as forest cover (e.g., NT 
and NV).  Areas are assigned to the NHLB as part of forest planning.  Natural disturbances in the 
NHLB create open areas that allow the understory to flourish and follow its natural course of 
succession without influence of forest practices, such as vegetation management.  Forest 
practices within the THLB create early seral stages and abundant understory cover that may be 
subject to further management. 
 
TFL 48’s SFM plan relies largely on natural baseline information to establish targets and 
guidelines concerning forest structure and landscape pattern.  In accordance with that approach, 
guidelines in the SFM plan note that shrubby habitat is to be maintained at levels existing at the 
time of writing of the plan.  Given the relatively low amount of forest resource extraction 
historically, there is no reason to believe that these amounts depart greatly from historical 
‘natural’.  The greater issues are whether historical natural levels remain informative in the face of 
climate change and whether early seral stages are an adequate target for understory associates, 
many of which seek shrubs within forests >90 years old.   
   
Four broad sets of practices directly affect understory cover: rate and allocation of cut, forest 
harvesting, vegetation management and riparian management.  Rate and allocation of cut 
determines the amounts and proportions of different forest types likely to host multi-storied stands 
with abundant shrubs; forest harvesting influences the amounts of early seral cover. 
 
5.1  Amounts and trends in ‘multi-storied’ stands 
Although some shrub-associated species use early seral stands (RD, recently disturbed stands 
<31 years old), such stands rank as the most preferred for relatively few bird species (Table 2).  
                                                
2  Presence of some species expected to occur is not documented; this value could be somewhat lower or higher. 
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Among birds, more species seek out shrubs in older stands that have a well developed shrubby 
understory or inclusions classified as NT in VRI (Table 2).  For coarse-filter appraisal, 
assessment can be directed to amounts and trends of late-seral hardwood and mixed wood 
stands and practices that affect inclusions of NT within all forest types (§4.1).  We consider both 
current amounts and apparent trends of hardwoods and mixed woods in the five BEC variants 
most likely to be disturbed (as indexed by the area recently disturbed in the baseline data from 
2004).  We consider both the NHLB and THLB.  Some of the area classified as NT is sparsely 
multi-storied (trees comprise <10% of the cover), but is not accounted for in the NHLB or THLB 
forested land.  The contribution of NT is addressed separately. 
 
Table 5 summarizes current and projected status for the five BEC variants with the greatest 
disturbance index as they occur within the NHLB.  Forest types in Table 5 are ordered by 
decreasing net preference (proportion of instances preferred – proportion of instances avoided 
from Table 2).  MW1 is an exception and is included because it represents potential in-growth into 
the highly preferred MW2.   

 
Table 5.  Current and projected amounts of habitat in the NHLB potentially favourable to shrub 
associates.  The five major forested BEC variants are included. RD = recently disturbed (<31 
years), H2 = old hardwoods (>90 years), MW1 = mixed wood (31 to 90 years), MW2 = Mixed 
wood (>90 years), C2 = old conifers (>140 years).  Current values are baseline for 2004; 
projected are based on Canfor’s 20-year plan. 

 
 BEC variant 
Forest type BWBSmw1 BWBSwk1 ESSFmv2 ESSFwk2 SBSwk2 
MW2  current 
MW2  projected 

5379 
6502 

599 
990 

577 
1031 

260 
577 

2708 
4135 

H2      current 
H2      projected 

8568 
12749 

497 
1096 

181 
396 

60 
170 

1205 
2140 

MW1  current 
MW1  projected 

2458 
1962 

824 
565 

897 
504 

486 
174 

2353 
1145 

RD     current 3506 387 1089 702 1400 
RD     projected 938 142 432 325 544 
C2     current 1892 919 19005 5107 6987 
C2     projected 3945 1895 26102 6328 9663 
 
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 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 after 20 years, the areas of projected broad forest 
types were determined.  That approach does not include additions to RD created by natural 
disturbance.  For this reason the amount of early seral habitat declines, as does the amount of 
young mixed wood as it enters older age classes (Table 5).  Over the entire NHLB about 7400 ha 
were RD in 2004. 
 
Regardless of climate-induced changes in the fire regime, shrubs will be maintained at natural 
levels in areas of the DFA that are wholly constrained from harvest (NHLB).  Wholly constrained 
areas represent 35.8% of the forest. The most preferred habitat types across bird species 
associated with understory were NT and NV (Table 2), types that cannot be easily projected.  NT, 
for example, may remain stable.  However, about one third of first and second choices of habitat 
type were for MW2 and H2 (late seral mixed woods and hardwoods).  In these simple projections 
both MW2 and H2 increase under the current 20-year plan because of in-growth from younger 
age classes; note declines in MW1 as these stands age into MW2 (Table 5).  Broadly, the 
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projected trend is positive for species using shrubs under canopy within the NHLB.  Areas 
identified as rare ecosystems (those ecosystem groups with less than 1,500 ha in total) within 
TFL 48 represent 4,080 ha or 0.7% of the total forested land base and have been removed from 
the timber harvesting land base.  Two of these types have a well developed shrub layer – 
BWBSwk1/05, ESSFmv2/06 – and will not be harvested but are subject to natural disturbance. 
 
Unlike the NHLB, some stands within the THLB will be harvested.  Congruent with other efforts to 
use natural targets, the SFMP for TFL 48 states that the current mix of deciduous, mixed wood 
and conifer types will be maintained in the future.  Dependent on forest type, shrubs occur under 
canopy for a variety of reasons, but often because the canopy has opened to permit more light 
near the ground.  That condition occurs more often in older hardwood and mixed wood stands 
than in conifer stands.  Older mixed woods and hardwoods are much more preferred by 
understory associates than are younger hardwoods or conifer-leading stands of any age class 
(Table 2).  Table 6 summarizes findings for conditions within the THLB across the five BEC 
variants with the greatest disturbance index.  Forest types are again ordered (top to bottom) in 
order of decreasing net preference. 
 
Table 6.  Current and projected amounts of habitat in the THLB potentially favourable to shrub 
associates.  The five major forested BEC variants are included.  RD = recently disturbed (<31 
years), H2 = old hardwoods (>90 years), MW1 = mixed wood (31 to 90 years), MW2 = mixed 
wood (>90 years), C2 = old conifers (>90 years).  Current values are baseline for 2004; projected 
are based on Canfor’s 20-year plan. 

 BEC variant 
Forest type BWBSmw1 BWBSwk1 ESSFmv2 ESSFwk2 SBSwk2 
MW2  current 
MW2  projected 

10721 
7290↓ 

1286 
1186 

397 
517 

152 
183 

3171 
3259 

H2      current 
H2      projected 

12884 
16753 

719 
1261 

0 
62 

0 
10 

745 
1080 

MW1  current 
MW1  projected 

4728 
5455 

1034 
 856 

750 
596↓ 

164 
127 

2814 
2438↓ 

RD     current 12366 2411 7938 5184 13422 
RD     projected 21561 7879 17794 6426 18650 
C2     current 5059 2892 35872 18246 19031 
C2     projected 9870 5734 43305 19043 25071 
 
The current, or 2004, data are considered to represent natural conditions.  Projections do not 
include natural disturbance so the actual change is much less clear -- actual increases in area will 
be less in older age classes and greater in recently disturbed.  Generally, over the 20-year 
projection, areas of older forest types increase as a result of aging within all major BEC variants 
but one.  The exception is the most preferred forest type, MW2, in the BWBSmw1 where 
projected harvest is considerable (note increase in area of recently disturbed; Table 6).  The 
status and trend for mixed wood is troubling because it is preferred habitat (Table 2), relative 
small areas are sustained within the NHLB (Table 5) and the trend in the THLB appears negative 
(Table 6).  Hardwood-leading types show an increase.  The findings yield two recommendations: 
1) apparent trends in mixed wood stands merit monitoring because of their implications to shrub 
associates as well as other species responding positively to mixed wood conditions, 2) biological 
boundaries of mixed woods need to be more clearly established to better estimate their 
contributions to biodiversity and thus the implications of trends in their amounts.   
 
One issue clouding interpretation is that it is unclear whether areas classified as RD will become 
hardwood-leading, conifer-leading or mixed wood.  If large amounts of RD projected in the BWBS 
become mixed wood (Table 6), there will be no near-term decline in mixed wood stands.  Change 
Monitoring Inventory (CMI) plots have been established over the DFA. These plots are 
systematically established across the DFA based on a 2-km grid in managed stands 15 years 
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after harvesting. The plots will provide a representative sample of all managed stands over time. 
The first set of plots was established in 2006.  Once the initial backlog of approximately 61 
samples is established for stands that have been harvested more than 15 years ago, it is 
intended that an additional 3 to 5 samples will be established each year.  The CMI plots will be re-
measured on an approximately 10-year cycle and will allow evaluation of apparent trends in stand 
composition.  The proposed interval is potentially too long to allow informative comparisons of 
understory composition and abundance over time in early seral stages, but can provide important 
information on stand development and likely on the amounts and composition of longer-lived 
understory species.  Provided such knowledge of understory is available, simple monitoring of the 
amounts of forest types summarized in Tables 5 and 6 are likely adequate and can be updated at 
each TSR review.  Monitoring, and ideally expansion, of CMI plots should be continued.  
 
Examination of the most preferred forest type, NT, is deferred until treatment of amounts of early 
seral and riparian practices is discussed below (because preference for this type by understory 
associates often is a response to wetter areas).  
 
5.2  Amounts and trends in early seral 
Early seral stands are created by natural disturbances and by harvesting that encourage 
abundant, open-grown understory.  They are important to sustaining biological diversity for 
several reasons (§2). Herbaceous cover supports a number of birds and small mammals.  
Shrubby habitat in the open, and not under forest canopy, is preferred by many species, including 
moose, bears, some small mammals and some bird species.  Open-grown shrubs fruit more 
prolifically than shrubs under canopy, and their fruit is sought by a variety of species including 
birds and mammals.  Organisms’ preferences or utilization of open-grown shrubs contribute to the 
rationale for baseline values for early seral stages of Table 4.  As noted, baseline values currently 
are being approximated within all but one NDU.  For species such as moose that have large 
home ranges and may range widely (4-50 km2, up to 900+ km2 where moose are migratory) 
broad seral targets are appropriate.  More generally, estimates by NDU are appropriate for initial 
guidelines, but many organisms show much stronger affiliations to forest types or to BEC units 
than to NDUs.  Moreover, NDUs cover large areas encompassing several BEC variants and 
forest types; their boundaries are unclear and less stable that those for BEC units.  We directed 
our analysis to BEC variants, and restricted it to the variants showing the greatest amount of 
disturbance within the past 30 years.   
 
Only 11% of first and second choices of understory-associated birds were for recently disturbed 
(RD) sites (Table 2).  Within the NHLB, areas of RD decrease within the projections as stands 
age (Table 5).  Both the declines in area of RD and increases in areas of MW2 and H2 would be 
less if natural disturbance could be incorporated accurately.  In the THLB both harvest and 
natural disturbance create early seral stages in the THLB.  Although recently disturbed areas rank 
relatively low in net preference across the entire understory-associated bird community, they 
represent 11% of the first or second choices of particular species.  Moreover, several mammals 
seek early seral stages for at least part of their needs.  Within the THLB, harvesting increases 
amounts of early seral over the 20-year projection, particularly within the BWBS (Table 6).  This 
increase is likely an underestimate because it excludes natural disturbance.  Fires are naturally 
rare to infrequent in many of the variants of the TSA (BCFS & BCMoE 1995), but tend to be large 
with relatively short return intervals in the BWBS and SBS (Bunnell 1995).  There is unlikely to be 
a shortage of early seral stages and targets will be met. 
 
Assessing trends in NT, the type most preferred by understory associates, is more problematic 
because NT can have a variety of origins – including climatic, edaphic and moisture relations.  
Some map-based data are available.  Shrubs are defined in the Vegetation Resource Inventory 
(VRI) BC Land Classification System Level 4 as either shrub low (SL) or shrub tall (ST).  The 
assessment can be performed well only in non-treed areas (NT); shrubs below canopy cannot be 
assessed directly but can be approximated by older hardwood and mixed wood stands.  Table 7 
summarizes findings for shrubs in the NT. 
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For a particular BEC variant, both the area of NT (non-treed) as a percent of the total area of the 
variant and the percent of the NT classified as shrubs are indices of the relative contributions of 
each variant to understory and particularly shrub production.   As expected, NT is most common 
in the high elevation BEC variants – BAFAun, ESSFmvp and wcp.  For most variants it ranges 
from about 4 to 9%.  Also as expected, the area of NT classified as having shrubs is lowest in the 
alpine (BAFAun) and higher elevation forests (ESSFwcp and ESSFwcp and wk2).  In other 
variants, proportions of the NT that were classified as having shrubs range from about 45 to 91% 
(Table 7).  These values affirm the importance of NT in supporting shrub-associated species 
(e.g., Table 2) and indicate those variants where shrubs are more likely to be limiting; that is, 
where anchor points for retention might be patches of NT.   
 
Table 7.  Indices of shrub productivity by BEC variant as derived from VRI (based on data of 
2004). Arranged in descending order of amounts of NT.  

 
NT  Shrub low 

 
NT Shrub tall 

 
BEC 
Variant 

 
Total 
Area (ha) 

 
Area of 
NT (ha) 

 
NT 

(% total) 

 
Shrubs 

(%)a (ha) % of NT (ha) % of NT 
BAFAun 14153 12315 87.0 10.6 1289 10.5 15 0.12 
ESSFwcp 15250 9034 59.2 20.3 1739 19.2 111 1.2 
ESSFmvp 13765 5494 39.9 44.6 2398 43.6 52 0.95 
ESSFwc 3 67310 10041 14.9 48.4 3278 32.6 1590 15.8 
ESSFmv 4 13011 1194 9.2 86.4 856 71.7 176 14.7 
BWBSmw 1 140649 9845 7.0 63.0 2097 21.3 4102 41.7 
ESSFwk 2 56682 3616 6.4 21.9 566 15.6 2274 6.3 
SBSwk 2 109424 6925 6.3 65.9 1614 23.3 2953 42.6 
BWBSwk 1 37747 2350 6.2 76.5 333 14.2 1465 62.3 
ESSFmv 2 160367 9116 5.7 59.1 4513 49.5 872 9.6 
BWBSwk 2 13091 513 3.9 91.4 288 56.1 181 35.3 
a  Area of NT (non-forest) classified as shrub. 
 
In total 17, of the species in Table 1 show significant preferences for specific BEC variants: 
BWBSmw1 (7), SBSwk2 (5), ESSFwk2 (4), and BWBSwk1 (1).  Because this ranking does not 
correspond closely to that for total area of NT, proportion of NT, or proportion of shrubs (Table 7), 
it implies that shrubs are sought in areas where they are not naturally abundant.  That 
observation implies that, in some variants, anchoring retention patches adjacent to NT could be 
beneficial should shrub-associates show declines.  
 
The area disturbed by oil and gas exploration and development almost certainly impacts amounts 
of understory cover.  The SFM plan notes that the area treated will be tracked.  Some activities of 
oil and gas denude areas of vegetation, but others (seismic lines, drill sites) are likely to 
encourage understory growth in close proximity to mature trees – a condition favourable to 
several understory associates (Table 1).   
 
5.3  Chemical and mechanical control of non-crop vegetation 
Amounts of older mixed woods and hardwoods appear to be a useful surrogate for shrubs under 
canopy, but that should be evaluated by monitoring.  There is no apparent deficit in the area of 
early seral habitat created.  That area has the potential to host abundant understory, including 
shrubs.  We noted (§4.3) that vegetation management to permit establishment of crop trees 
determines what is realized, because it deliberately reduces the amount of shrubby and other 
understory vegetation.  The primary issue is the amount of area on which vegetation 
management is applied and the duration of the suppression of favourable cover as perceived by 
shrub associates.  From the perspective of biodiversity, the period of recovery can be estimated 
only in terms of species’ responses.  
 
Specific questions helpful in assessing the long-term consequences of vegetation management 
on sustained provision of hardwoods and associated biodiversity are similar to those evaluating 
potential contributions of early seral stages.   They include:  
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• Are particular BEC variants or forest types especially favourable to understory production 

or understory associates?  
• What area is treated by vegetation management annually and is that treatment 

concentrated in habitats most favourable to shrub associates? 
• What is the duration of the effect of vegetation management in terms of observed 

responses (e.g., by species foraging on understory or understory-associated insects, 
species nesting in shrubs, ground-nesting species using shrubs or other non-crop 
vegetation as cover)? 
 

Data acquired to date indicate that 17 understory associates statistically prefer particular BEC 
variants; BWBSmw1 and SBSwk2 are most often preferred. Both these variants have more than 
60% shrub cover in the NT (Table 7).  The relative preference by understory associates for 
particular forest types is presented in Table 1 and determines the ordering of habitats 
summarized in Tables 5 and 6.  Many of those preferences are for NT followed by older stands 
with hardwoods. The NT is considered non-forested so enters neither the Timber harvesting nor 
Non-harvestable land bases.  Forest practices should not affect NT, but the preference for 
particular variants indicates where retention patches might profitably be anchored near NT to 
encourage understory associates. 
 
Within the TFLB, production of understory following harvest of commercial stands may not follow 
the ranking observed in older stands.    Ranking forest type x BEC combinations could help guide 
practices within the THLB.  It is this latter notion that we are seeking to capture in the index of 
‘relative abundance of shrubs’ (Table 8). 
 
Table 8.  A conceptual approach to coarse-filter assessment of the contribution of early seral 
stages to sustaining biological diversity for selected variants and forest types in TFL 48. 

 
  Early seral 

treated/yr 
                                                        

BEC variant x 
Forest Type % shrub % tall 

Relative 
abundance 
of ‘shrubs’1 

Early seral 
created/yr 

(ha)2 (ha)                              (%)      

ESSFmv 2  x  C2 59.1 9.6 0.65 261   
SBS wk 2  x  C2 65.9 41,7 0.74 184   
BWBSmw 1  x  
C2 

63.0 62.3 0.70 67   

BWBSwk 1  x  C2 76.5 62.3 1.00 21   
BWBSmw 1  x  
MW2 

63.0 62.3 0.70 252   

ESSFwk 2  x  C2 78.6 62.9 0.24 85   
ESSFwc 3  x  C2 49.4 15.8 0.53 167   
BWBSmw 1  x  
H2 

63.0 62.3 0.70 163   

 
1 The relative abundance of shrubs is simply the normalized value of the % of NT in a variant classified as shrub, with the 
highest value scaled to 1.0.  2 Based on 20-year projections following the 20-year plan for TFL 48.    
 

The selected examples of Table 8 are those 8 variant x forest type combinations where harvest is 
concentrated according to the 20-year plan.  They are ordered from the most to the least harvest.  
That may not be the same order in which these forests are disturbed by other disturbances, such 
as fire.  We expect different responses by understory in particular BEC variants and forest types.  
The response is likely to differ in species composition, rate of growth and subsequent rate of 
response to any vegetation management applied.    
‘Relative abundance of shrubs’ is intended as an index to be used if shrubby habitat indeed 
proves limiting.  That is, it should reflect the degree of shrub and other understory response 
following harvest in the absence of vegetation management.  Currently, there are significant 
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limitations to the approach, including:  1) data are available only from the NT and not from 
recently harvested blocks, 2) data available are from VRI and restricted to the classes of tall and 
short shrubs, whereas a more widespread estimate of understory is desirable, 3) relying on shrub 
data extracted from the NT does not allow discrimination among pre-harvest forest cover that 
likely has an effect.  It is for that reason that different forest types within the same variant receive 
the same values in Table 8 (gray shading).  The CMI plots and regeneration surveys are sources 
of data that could refine the index of understory abundance by BEC variant and pre-harvest forest 
type.  Generally, the limitations to the index noted can be overcome only by directly sampling 
recent cutblocks post-harvest and stratifying results by pre-harvest forest type.  Those measures 
could provide a useful measure of the relative abundance of understory.  Such work was initiated 
in 2007 through acquisition of pre-treatment data on sites proposed for vegetation management.  
It is on-going and should be continued.  If amounts of open-grown shrub do prove limiting, the 
index would indicate where relaxing vegetation management would have the greatest positive 
effect on shrub associates.  The current index of relative abundance or productivity of the 
understory in Table 8 is insufficient; expanding the index to include all understory would be 
informative. 
 
The area and proportions treated annually by vegetation management could be extracted from 
company records to fill in the two rightmost columns of Table 8.  These data are somewhat 
informative on their own but cannot be interpreted in a manner that would guide practices until 
sites with the greatest potential for understory response are documented.  
 
It is critical to determine the duration of the effect of vegetation management in terms of observed 
responses by species (e.g., by species foraging on understory or shrub-associated insects, 
species nesting in shrubs, ground-nesting species using shrubs or other non-crop vegetation as 
cover).  The goal is to define recovery time for selected understory-associated species.  If the 
response is of short duration there is likely to be little overall impact because vegetation 
management is applied to only a small portion of the tenure each year.  In 2007 we initiated a 
study intended to address this question.  Results to date are promising and suggest there is no 
major problem, but are incomplete (Preston 2009). 
 
If it proves possible to complete Table 8, the data can be used to provide confidence to a simple, 
map-based approach for evaluating the contribution early seral stages and forest harvest make to 
sustaining biodiversity.  That approach requires: 1) better estimates of potential understory 
production as a function of BEC variant and pre-harvest cover type, 2) the amount of projected 
harvest by variant and broad forest type, 3) the proportion of area harvested receiving vegetation 
management, and 4) the duration of new understory cover by variant and broad forest type once 
created – indexed by the response of understory associates. 
 
With data on the duration of recovery time following vegetation management, monitoring requires 
no complex projection.  Polygon attributes can simply be updated at time of TSR review.  We 
have focused on shrubs primarily because we expect them to have the longest recovery time.  
For several species (e.g., some birds and small mammals) herbaceous vegetation is more 
important and cover need not be tall.  We expect that for these species total area of early seral is 
sufficient because the vegetation they use as forage or cover responds quickly following 
vegetation management.  
 
5.4  Management of riparian areas  
Riparian areas often host abundant understory as well as hardwood tree species.  Understory 
and particularly shrubs common in riparian areas readily enter nearby larger forest openings, 
especially on moist sites.  Within its SFM plan, Canfor follows regulatory widths for Riparian 
Reserves and for Riparian Management Zone by stream, lake or wetland classification within 
cutblocks.  This protection represents ‘potential’ understory which may or may not be fully 
realized.   Coarse-filter evaluation relies largely on map-based data.  For coarse-filter assessment 
of the effectiveness of sustaining understory associates we need to answer three questions: 
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• What is the area of riparian that supports ample understory growth? 
• Do practices in riparian areas maintain understory, including shrubs? 
• Do practices adjacent to NT affect the suitability of NT as favourable habitat?  (Some of 

the NT appears to be small wetlands unlikely to be encompassed by guidelines for 
riparian practice.)  

 
The actual classification of riparian areas within GIS is not consistent.  Shrubs are defined in the 
Vegetation Resource Inventory (VRI) BC Land Classification System Level 4 as either shrub low 
(SL) or shrub tall (ST).  This classification also is inconsistent because of difficulties in assessing 
shrubby layers.  In short, it is not possible to accurately assess the contribution of riparian areas 
to shrub production from current map-based data.  There is an additional challenge.  Regulatory 
widths for Riparian Reserves and Riparian Management Zones do not consider lakes or wetlands 
<5 ha.  Of the 66 wetland and riparian associates occurring within the TFL, almost 50 
preferentially use small lakes and wetlands.  Canfor winches trees from Riparian Management 
Zones to reduce impact within the zone.  Whether this practice reduces or encourages shrub 
growth also is undocumented. 
 
NT, the habitat type most commonly preferred by understory associates, has a variety of origins 
that are not consistently discernable in the VRI.  Understory associates of Table 1 often seek 
moist forest types in or surrounding boggy areas which are classified as NT when tree cover is 
<10%.  The degree to which preferred NT sites are influenced by adjacent harvest is not 
documented but it is more likely that these areas are incorporated into WTPs than affected 
adversely by practice. 
 
Of the three questions posed to assess the contribution of riparian to supporting understory 
associates, we can answer only one.  The most commonly preferred habitat (NT) is not in the 
forested land base and should not be affected by forest practices.  At the fine scale, we do not 
know what portion of that is wetland or other moist sites, but that is immaterial to sustaining 
understory associates. 
 
Applying current regulatory measures and winching to reduce impacts to remaining trees 
describes what occurs on larger riparian sites, but does not address potential impacts of the 
practices on understory associates.  Current monitoring has relied largely on BBS routes that do 
not assess riparian areas well. 
 
These findings lead to recommendations for monitoring summarized in §6.3. 
 
5.5  Cumulative effects 
Two broad issues are inherently combined in assessment of understory: 1) amounts of early seral 
stage and duration of early seral stages; 2) amounts of understory in all habitats.  The rates at 
which early seral stages are created can be assessed easily; assessing impacts of vegetation 
management on suitable early seral stages is more challenging.  Assessing understory in all 
habitats is more complex.  The preceding discussion reveals that variables used to index the 
provision of understory influence each other.  Amount of understory maintained within riparian 
areas modifies the potential impact of vegetation management in upland areas, as do amounts of 
NT.  Likewise, where significant areas of productive understory are reserved from harvest (NHLB) 
and uninfluenced by current practice, the need for provision of understory within the THLB is 
reduced.  For species associated with understory primarily because they forage on insects 
associated with deciduous species, there is a clear tradeoff between understory and the presence 
of hardwood tree species.  All variables, including understory, change with time.  In Table 9 we 
have summarized the effect of these cumulative interactions over two time frames: short-term or 
20 years (the extent of detailed forward planning) and ‘permanent’ reduction of desirable 
attributes.  An example of permanent or long-term reduction would be the reduction in the 
amounts of mixed wood stands through silvicultural conversion to conifers.   Practices noted 
represent management ‘levers’ that could modify any undesirable trends. 
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Table 9.  Apparent trends in key variables determining effectiveness of shrubs in sustaining 
biodiversity for TFL 48  (NT = non-forested, including wetland and brush sites, HL = hardwood 
leading, MW = mixed wood).  The most troubling issues are in red.  Practices influencing trends 
are noted.   

Apparent trend  
Variable  Short term Permanent 

 
Practices 

Area favourable NT ↔ ? Riparian & retention guidelines 
Area old HL ↑ ↔ Harvest; retention guidelines 
Area old MW ↓ ? Harvest; retention guidelines 
Proportion HL ↑ ↔ Conversion to conifer; veg management 
Proportion MW ↓ ? Conversion to conifer; veg management 
Area of early seral  ↑ ↑ Rate of cut 
Suitability of early seral ? ? Vegetation management 
Suitability of riparian ? ? Riparian guidelines 
   
Table 9 summarizes current understanding of trends which, when combined, could produce 
cumulative effects.   NT is not forested, but its suitability could be influenced by adjacent forestry 
and small inclusions within the THLB could be exploited as anchor points for retention patches.  
Within the THLB, older hardwood-leading and mixed wood are emphasized because species 
seeking shrubs under canopy seek those forest types (Tables 1 and 2).  The apparent decline in 
mixed wood over 20 years may be short-lived or long-term. Generally, contributions of shrubs and 
other understory to sustaining biodiversity have proven difficult to assess by coarse filter 
approaches.  Two key variables determining that contribution currently cannot be assessed with 
existing data: the potential impacts of vegetation management and the amount of understory 
habitat protected within riparian zones.  As well, the reliability of using older mixed wood and 
hardwood stands as a surrogate for shrubs under canopy is poorly known; not all such stands will 
contain abundant shrubby understory.   Ample early seral stages appear to be created, but the 
suitability of those stages is unclear.  The key missing data are the duration of effects of 
vegetation management in different forest type x BEC combinations.  If the duration is short, there 
is unlikely to be any negative effect.  It also is unclear whether application of regulatory guidelines 
in riparian areas has any negative effect.  The northeast of the province appears to host more 
species with affinities to smaller wetland areas than does most of the province.   Such species 
could be impacted by application of regulatory guidelines; conversely, the area affected could be 
so small as to be negligible.  The potentially most troubling issues are the apparent trends in 
amounts and proportion of mixed wood.  Currently it is not possible to assess whether these 
trends are long-term, nor is there a credible biological definition of mixed wood in terms of its 
contribution to biodiversity (Bunnell et al. 2009b).  Trends should be monitored and potential 
thresholds determining mixed wood’s contribution should be evaluated.   
 
 
6 Summary  
The coarse filter evaluation is meant to evaluate effectiveness of practices intended to sustain 
biodiversity by map-based approaches.  The SFM plan states that the minimum proportion of 
shrub habitat (%) by Natural Disturbance Unit will meet or exceed the baseline target (%) 
proportion of shrub habitat as indicated in Table 4.  At present, early seral forest <31 years old is 
considered to be shrub habitat, as are polygons defined as shrub habitat in the Vegetation 
Resource Inventory (NCBR within NT).  Currently, both low shrubs and high shrubs are 
considered together as “shrub”.   The assessment of shrub habitat appears broadly accurate, but 
provides an incomplete picture.  There is little reason to assume the most favoured habitat, NT, 
will decline in amounts but there may be potential to anchor retention near NT if other 
contributions to understory eventually prove limiting. Broadly, there currently are no data 
suggesting that the approach within the SFM plan is inadequate.  However, at least 12 bird 
species, and undoubtedly other species, use shrubs under forest canopy; some are associated 
with small or diffuse boggy areas that may not be captured within the NT of map-based data.  
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Moreover, while historical targets derived from nature were useful, global warming has shifted the 
natural disturbance regime (Flannigan et al. 2005; Stocks et al. 1998; Xiao and Zhuang 2007) 
and those targets may no longer be as useful.   
 
We summarize our review under major findings, recommendations to current practice and 
recommendations for implementation and effectiveness monitoring. 
 
6.1  Major findings 
The conventional index of shrubby habitat – early seral stages – applies less well in the northeast 
than in some other areas because at least 12 species prefer shrubs under canopy and a further 8 
species are associated with shrubs in boggy, wetland areas (Table 1).  Early seral stage is an 
incomplete index of shrub habitat. 
 
Current data suggest that species responding to shrubs under canopy can be indexed by 
amounts of older mixed woods and hardwoods.  Many of these species are insectivorous birds.  
Both hardwoods and many shrubs are deciduous.   Deciduous plants typically invest less energy 
in chemicals to thwart herbivory than do conifers that retain their leaves longer.  As a result, there 
appears to be a tradeoff between deciduous understory and overstory for some species.  The 
apparent downward trend in mixed wood merits monitoring. 
 
Vegetation management has large potential impacts on the suitability of early seral stages, but 
the duration of that impact could be so short that there is little overall affect.  Presently potential 
impacts are unclear but a study has been initiated to acquire key data.  
 
The contributions of riparian areas to shrubby habitat are poorly documented, as are potential 
consequences of practices within Riparian Management Zones.  Of more than species of wetland 
and riparian associates occurring on the TFL, about  50 prefer small wetlands and lakes (<5 ha) 
that are not protected by default riparian guidelines. 
 
6.2  Recommendations for planning and practice 
The apparent downward trend in old mixed wood would affect more than understory associates, 
including the region’s keystone excavator.  Harvest scheduling should be reviewed to assess 
whether the current rate of harvest of old mixed wood can be reduced.  Although the review is 
hampered by inadequate information for some potential consequences, there appears to be no 
need to change current practice intended to sustain shrubby habitat. 
 
6.3  Recommendations for monitoring 
Recommendations are summarized separately for implementation and effectiveness monitoring.  
Monitoring should focus on areas where direct or cumulative effects currently are unknown and 
potentially negative (Table 9), and on areas where potential problems are evident but data are 
inadequate to assess them.  Monitoring should be directly linked to practices that offer 
opportunity for improvement.  Note that in some instances it is important that implementation 
monitoring be initiated before effectiveness monitoring because implementation monitoring can 
determine whether effectiveness monitoring is required.  We have estimated priorities for specific 
habitat attributes (VH = very high; H = high; M = moderate; L = low); issues following are ordered 
by priority.   
 
Implementation monitoring 
Late seral targets:  Understory associates show preference for late-seral mixed woods and 
hardwoods in 30% of their preferences; NT (plus NV) dominates preferences (47%; Table 2).  All 
three types should be tracked by variant within the NHLB and THLB (NT is not forested but can 
still be tracked).  Late seral is defined as 90 years plus for hardwoods and mixed woods.  Status 
relative to established targets should be assessed for hardwoods and mixed woods within BEC 
variants every 5 years (when polygons are updated for TSR review).  In the near term, the current 
definition of mixed wood is appropriate, but that can be improved (see effectiveness monitoring).  
There is no target for NT, nor should there be, but trends could be revealing (see effectiveness 
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monitoring).  Downward trends in either late-seral hardwoods or mixed woods merit attention (VH 
priority). 
 
Tree species composition:  There is some indication that the relative amounts of mixed wood 
stands will be reduced.  That could be an artifact of projection and inability to determine whether 
RD will become hardwood-leading, conifer-leading or mixed wood.  CMI plots should be 
continued to facilitate evaluation (VH priority).  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 to track areas of hardwood-leading and 
mixed wood types over time to ensure there is no strong trend away from present proportions (VH 
priority).  
 
Early seral targets:  Some species strongly associated with understory show affinity for early seral 
stages.  Status of early seral relative to established targets should be assessed every 5 years for 
the conifer-leading, hardwood-leading and mixed wood forest types within BEC variants.  The 
amount of early seral created by harvesting and other disturbances should be tracked separately.  
Separate tracking will allow determination of whether ‘natural’ is changing as a function of global 
warming (H priority).  The importance of tracking NT by variant has been noted. NT is the type 
most preferred by understory associates and often has the early seral characteristic of abundant 
understory.  
 
Vegetation management:   Area treated annually should be tracked by pre-harvest forest type 
and BEC unit, as should areas requiring retreatment (H priority).   This priority would fall to L, if 
analysis proves that vegetation management is having an insignificant impact. 
 
Riparian guidelines:  Eight understory associates are more abundant on wetland sites (3 rank 2 
within the provincial conservation framework) and about 40 more species within the DFA are 
associated with wetlands.  Current guidelines do not buffer small lakes and wetlands (<5 ha).  
The number of small lakes and wetlands encountered within treatment units, and the proportion 
of those harvested with and without buffers should be tracked until it is apparent what portion is 
unaffected by forest activity (H priority).  Wetland size distribution should be recorded in 1-ha 
classes.  
 
Most measures relevant to assessing riparian contributions to sustaining understory are 
inadequately expressed within GIS, so they elude coarse-filter approaches.  It is important to 
assess what existing riparian guidelines actually achieve, including winching of trees from the 
Riparian Management Zones (RMZs).  Amounts of understory retained after harvest from RMZs 
should be assessed after harvest using measures suggested for retention patches (M priority).  
 
Wildlife tree patches:  Within the THLB the state (size, age, anchor points, tree species 
composition, understory amounts) should be monitored to assess status and trend (M priority for 
understory associates).  

Size: The lower boundary for effective patches should be set at 0.25 ha,3 until further 
evaluated.   
Age:  The recommended lower boundary for old hardwood and mixed wood stands is >90 
years  (>140 years for conifers).  Actual age should be estimated. 
Anchor points:  Rationale for patch locations should be noted.  Natural anchor points may be 
riparian boundaries, wetlands, other NT boundaries, appropriate wildlife trees, rocky 
outcrops, etc.  Some anchor points will capture greater amounts of understory. 
Tree species composition:  If not measured, tree species composition should be estimated in 
5% classes. 
Understory density:  Herbaceous layer should be estimated as percent cover (10% classes).  
Shrubs should be recorded as percent cover (10%) classes by two height classes (<1m and 
1m+) using visual estimates. 

                                                
3  This value is consistent with BC MoWLP (2005) for the Omineca Region.  
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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 any unfavourable trends are summarized in Table 9.  We have estimated priorities for 
specific topics (VH = very high; H = high; M = moderate; L = low); issues following are ordered by 
priority.     
 
Late seral:  Understory associates show preference for NT, late-seral mixed woods and 
hardwoods (Tables 1 and 2).  Reasons currently are based on surmise.  Forest-interior plots 
should be used to assess apparent effectiveness for birds for all 3 types (VH priority).  Use two 
age classes: 31 to 90 years and >90 years for hardwoods and mixed woods and presence or 
absence of adjacent NT in all forest types; see also Tree species composition. The objective is to 
challenge current findings regarding associations in Table 1.  If findings are confirmed, there is 
more confidence in scaling up without monitoring the organisms.  Concomitant simple measures 
of understory should affirm whether amounts of understory play a key role.  When interpreted in 
terms of amounts in the NHLB, findings obtained will indicate the relative importance of selecting 
retention to support shrub associates, thus guiding the approach to selecting wildlife tree patches.  
They also will serve to clarify the role of NT within the forest and whether current practices 
sustain that role. 
 
Tree species composition:  Associations with particular broad forest types are sometimes based 
on sparse data.  Simple efforts to determine biologically meaningful boundaries of mixed wood 
should be continued by relating individual bird species and total richness to percent hardwood 
and conifer (VH priority).  The associations currently summarized in Table 1 should be 
challenged by forest interior plots used to assess contributions of late seral and stratified by 
hardwood-leading, mixed wood and conifer types as well as the two age classes (H priority).  
Findings will help refine monitoring, evaluate the relative need for retention given status within the 
NHLB, and document the degree to which retention should be focused on areas rich in 
understory.  
 
Early seral:  Associations between animal and plant species can be simply clarified to provide 
better assessment of the contributions of early seral: maintain bird sampling in plots created to 
evaluate effects of vegetation management (VH priority), and during any bird surveys include 
visual estimates of understory height (2 classes), % cover by height class, and lists of major plant 
species present (VH priority).  These data will increase confidence in scaling up across the 
tenure and provide a baseline for assessing consequences of vegetation management.   
 
Effects of vegetation management:  Currently the magnitude of effects of vegetation management 
on either subsequent understory recruitment or growth and understory-associated species is not 
documented.  The current assumption in the SFM plan is that early seral stages support shrub 
and other understory associates.  The extent of vegetation management suggests the potential 
for such management to reduce anticipated support is potentially large.  To address effectiveness 
of treatments, both vegetation and understory associates should be monitored pre-treatment and 
at intervals after treatment to determine duration of any effects, so these can be scaled up across 
the tenure (VH priority).  That monitoring should be stratified by forest type x BEC variant, and 
concentrated in variants offering the greatest potential for shrub production.  Duration of effect is 
particularly important because it is most likely to determine whether or not there are negative 
consequences of vegetation management. 
 
Wildlife tree patches:  Many shrub associates have small territories or home range sizes.  They 
potentially can be sustained within late-seral wildlife tree patches, but that has not been 
evaluated.  Given the apparent, but unsubstantiated, trend towards smaller patch sizes of older 
hardwood-leading and mixed wood (Bunnell et al. 2009b) it is important to assess the 
effectiveness of small leave patches within the THLB for all bird species (VH priority).  This 
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assessment should be stratified by type of patch anchor point.  Measures noted under 
implementation monitoring apply.  The intent is to create effective guidelines for wildlife tree 
patches.  Note that for understory associates, there is no compelling evidence that there is a 
shortfall in provision of early seral; shrubs under canopy may be most limiting. 
 
Riparian areas: Because current guidelines do not buffer small lakes and wetlands (<5 ha), and 
about 50 species are associated with wetlands, ponds and small lakes, we do not know whether 
a significant portion of biodiversity is exposed to habitat degradation.  Monitoring should assess 
species presence in small wetlands with and without adjacent harvesting, if such instances exist; 
these should be stratified by 1-ha size classes (H priority).   If establishing the survey or 
implementation monitoring recommended above discovers that proportionately few small lakes 
and wetlands receive adjacent harvest the priority should be lowered.  That is, implementation 
monitoring should be done first. 
 
The effectiveness of riparian management guidelines at maintaining understory cover in riparian 
management zones and the species associated with riparian areas around streams and larger 
lakes has not been assessed.  As well as understory associates, an additional 21 vertebrate 
species are closely associated with riparian areas, but the current major approach to monitoring 
organisms (Breeding Bird Survey routes) assesses riparian areas only poorly.  Some preferred 
NT sites appear to be a product of high moisture levels.  A focused evaluation of the 
effectiveness of riparian practices is needed (M priority).  Specific questions include: 1) are 
species expected in riparian areas actually present, and 2) do practices around areas classified 
as NT maintain the ability of NT to support understory associated.   Measures of shrub 
abundance attained under implementation monitoring of shrub abundance in the RMZ will assist 
interpretation. 
 
Organisms: Response of organisms is the most credible, and ultimately a necessary measure of 
effectiveness.  Candidate organisms for TFL 48 include bird species that are migratory and we 
usually do not know conditions on the winter range or along migration routes, so it is best to 
consider a suite of species as indicators for particular habitats.  Indicator organisms are selected 
on the basis of their value at indicating healthy habitat and ease of sampling.  Because there are 
7 years of data and general monitoring should be comparable to the historical approach rather 
than an approach focused on specific questions (e.g., tree species composition, wildlife tree 
patches), the immediate ranking is L priority.  This will assume VH priority periodically over the 
longer term. 
 
Early seral: dark-eyed junco, golden-crowned sparrow, MacGillivray’s warbler, orange-crowned 
warbler, Philadelphia vireo 
 
Shrubs under canopy:  mourning warbler, red-eyed vireo, Swainson’s thrush, Tennessee warbler, 
white-throated sparrow 
 
Stream and lakeside riparian: alder flycatcher, song sparrow, Wilson’s warbler, yellow warbler 
 
Wetlands and ponds: common yellowthroat, Lincoln’s sparrow, northern waterthrush, yellow-
bellied flycatcher 
  
Note that the composition of candidate species in groups could change with monitoring focused 
on specific questions, particularly when examining wetland and riparian sites. 
 
The value of employing birds is that associations of bird species with shrubs or other understory 
vegetation usually is well-documented and the species noted are easy to sample.  Small 
mammals are much more costly to sample and often show tradeoffs between understory 
vegetation, coarse woody debris and other habitat elements.  Were they are believed threatened 
by lack of forage, large mammals (such as deer and moose) could be sampled by winter track 
counts or summer pellet counts.  Relations with non-vertebrate groups are too poorly known to 
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provide informative guidance.  Because many bird species are migratory and can be affected by 
factors distant from the DFA, it is important to select a group of species rather than individual 
species to assess trend periodically.  Abundance of the group, relative to mean abundance over 
current sample data, could be assessed every 5 years.  Declines of 30% from the mean merit 
closer scrutiny.  
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