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Project Approach 
The Management Plan for the Darkwoods Conservation Property, managed by the Nature Conservancy 
of Canada, sets conservation priorities for this property based on the identified natural history features 
of value in the management unit – termed Conservation Targets. For this project, we identify the 
vulnerability of the Conservation Targets to the potential changes in fire regime associated with climate 
change, and make management recommendations for reducing risk from fire to the Conservation 
Targets into the future. 

 

The work has four key steps: 

1. Identify a range of relevant climate futures for the property, from which to infer potential 
changes in fire regime; 

2. Identify how changes in fire regime alter vulnerability of Conservation Targets; 
3. Strategically identify what options are available from an operational management perspective in 

order to reflect the vulnerabilities of Conservation Targets to future climates; 
4. Identify key management considerations for implementation of fire management zoning.  

Section 1: Climate Futures for the Darkwoods Property 

Climate Change Context 
Global climate change is happening, and the rate of change is projected to accelerate unless we 
significantly reduce our greenhouse gas emissions in the coming decades (IPCC 2014). A recent study has 
examined the potential impacts of climate change, and the vulnerability of forest ecosystems in the 
West Kootenay (Holt et al. 2012). That study focused on the outputs of three global climate models 
(GCMs) and emission scenarios that have been recommended for climate change analysis in British 
Columbia. The three scenarios span most of the range of over 40 projections for temperature and 
precipitation for BC (from very hot/ dry, to warm/moist, to hot/wet). The following discussion has 
utilized some of the analyses completed in that study, and followed a parallel approach by employing 
the same three GCM scenarios for generating future climate projections. Further information on the 
choice of the three scenarios and the analysis methodologies employed can be found at 
www.westkootenyresilience.org.  

 

Traditionally in BC, the logical unit for an assessment such as this would have been a Biogeoclimatic unit 
or an Ecosection. However, because both of those classification systems are based on an assumption of 
a relatively stable climate and species distribution, neither classification system will adequately portray 
the range of niches and biological diversity of the province as the impacts of climate change proceed 
over the coming decades. To fill this classification void, the recent study referenced above developed an 
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alternative system for identifying broad ecosystems, based on environmental factors that will remain 
relatively constant as climate change proceeds (i.e., enduring features). Using topographic breaks and 
uniform elevational sequences of currently mapped biogeoclimatic units, new ecological units with 
relatively homogenous regional climates were defined as “Regional Landscapes” (RLs). Climatic 
variability within the RLs is primarily determined by aspect and elevation, with some contributions of 
meso/micro topographic elements. The climatic variation between RLs is assumed to result principally 
from macro topography interacting with weather systems. Because macro topography is stable in the 
face of climate change, we assume that the climate of individual RLs will likely remain relatively 
homogeneous even as climate change proceeds. The Darkwoods study area, as shown in the title page 
figure and Figure 5 is located mostly in the “West Arm–Salmo River” RL (RL2), while the southeast corner 
extends into the “Goat–Moyie Rivers” RL (RL3). 

Historic and Future Climate 
The closest long-term climate station to the study area is located in Creston. Historic climate data from 
Creston shows increases in mean monthly maximum summer (JJA) temperature over the past two or 
three decades, especially in July and August (see Figure 1). In contrast, summer (JJA) precipitation has 
declined since the 1990s, and has been declining in August since the 1970s (see Figure 2). Climatic 
moisture deficit (CMD) is the difference between evaporative demand and precipitation. Based on 
modeling of Creston climate data, annual CMD has decreased substantially since the 1930s, and then 
since the 1960s, it has varied within a small range until recently, when it has begun to rise again (see 
Figure 3; CMD data from ClimateBC – Wang et al. 2012). 
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Figure 1.  Temperature data for Creston, BC. Average monthly maximum temperatures for July and 
August and average summer (JJA) temperature. Decadal data from climate records (solid lines from 
Environment Canada, dashed from ClimateBC), projections from three representative AR4 GCM 
scenarios generally spanning the range of most projections. 

Figure 2.  Precipitation data for Creston, BC. Average monthly precipitation for July and August and 
average summer (JJA) precipitation. Decadal data from climate records (solid lines from Environment 
Canada, dashed from ClimateBC), projections from three representative AR4 GCM scenarios generally 
spanning the range of most projections 
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Figure 3.  Climatic moisture deficit for Creston, BC. Decadal data 
from ClimateBC, projections from three representative AR4 GCM 
scenarios generally spanning the range of most projections.  

Representative global climate 
models (GCMs) are projecting 
continuing increases in mean 
monthly maximum summer (JJA) 
temperatures of 0.6 to 2.5oC by 
the 2050s (data from ClimateBC). 
The same models are projecting 
that summer precipitation may 
remain about the same, or 
potentially decrease by up to 50%. 
With the continuing increases in 
summer temperatures, CMD is 
also projected to increase over 
the next few decades, potentially 
surpassing CMDs experienced 
during the drought-prone 1930s. 

Although the graphs of projected 
temperature and precipitation 
display significant uncertainty, the 
trends are obvious. Both the recent decades of the historic and projected data show trends of increasing 
maximum summer temperatures and the potential for decreasing July and August precipitation. In the 
Southern Selkirk Mountains, all of these climatic variables have been correlated to the average annual 
area burned over past decades (further discussion below). 

Current Biogeoclimatic Units and Projected Bioclimatic Envelopes 
Vegetation at broad regional scales is often mapped as vegetation zones or subzones. The distribution of 
vegetation zones within the South Selkirks is principally the result of climate, either directly, or through 
its indirect influence on disturbance – mainly fire. The close link between vegetation distribution and 
climate, makes it possible to use climate variables to delineate a multi-dimensional space defined by the 
range of climate variables associated with the occurrence of particular vegetation zone. The multi-
dimensional space defined by those climate variables is called a “bioclimatic envelope” (e.g., Hamann 
and Wang 2006). 

To facilitate envisioning the impacts of climate change, it has been found useful to identify the 
bioclimatic envelopes that may be associated with future projected climates. As part of the recent 
climate change study for the West Kootenay, projected bioclimatic envelopes for three GCM emission 
scenarios were mapped for the area (Utzig 2012). A subset of those maps has been reproduced here for 
the South Selkirk Mountains (see Figure 4). The maps are based on climate projections for the 2080s 
(averages of 2071-2100). This may seem far into the future, but one has to keep in mind that trees 
planted today, will not even be mature by that time.  
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To simplify the comparisons with current vegetation, the bioclimatic envelopes have been grouped into 
broad units, at the level of broad vegetation zones. Although the bioclimatic envelopes are described 
with ecosystem names that are familiar, it should not be assumed that the future ecosystems that will 
develop in these climate envelopes will be identical to ecosystems that readers are familiar with. The 
current mapping depicted in the figure is based on recent Biogeoclimatic Ecosystem Classification (BEC) 
mapping for British Columbia (Meidinger and Pojar 1991; recent updates - D. MacKillop pers. comm.). 

The trends depicted by all three scenarios are consistent for the lower elevations, projecting climate 
envelopes that are currently populated by steppe-grasslands, Ponderosa pine savanna or dry Grand fir 
forests (~ICHxw). The mid elevations are more variable, ranging from climates associated with 
Ponderosa pine savanna on the hotter drier end, to a drier Interior Cedar Hemlock (ICH) or dry Montane 
Spruce (MS)/ Interior Douglas Fir (IDF) on the cooler wetter end. The projections for the upper 
elevations are highly uncertain, although they all agree that the climate will be unsuitable for the 
Engelmann Spruce Subalpine Fir (ESSF) forests that occur there today. In the hotter drier scenario, the 
upper elevation climates potentially support a mix of Ponderosa pine, wet IDF and drier or coastal 
transition ICH/Coastal Western Hemlock (CWH). In the warmer wetter scenarios the upper elevation 
climates range from wet ICH to coastal transition ICH/CWH, and possible minor areas of CWH and Alpine 
Tundra (AT). 
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Figure 4. Projected bioclimatic envelopes for the southern South Selkirks (adapted from Utzig 2012), 
with the Darkwoods property outlined in blue. 

Alpine 
Alpine parkland 
Wet subalpine forest 
Dry subalpine forest 
Coastal hemlock 
Transitional coast/ interior hemlock 
Montane/sub-boreal spruce forest 
Wet interior cedar/ hemlock 
Moist interior cedar/ hemlock 
Dry interior cedar hemlock 
Grand fir/ Douglas-fir 
Wet Douglas-fir 
Dry Douglas-fir 
Ponderosa pine savannah 
Grassland/ steppe 
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Historic and Future Forest Fires 
To investigate the history of forest fires within the study area and surrounding landscape, we acquired a 
provincial digital database of fires from 1919-2008 (Taylor and Thandi 2003). The database was 
prepared by researchers from the Canadian Forest Service, Pacific Forest Centre and the BC Forest 
Service Research Branch, and includes all fires >20 ha in size that were recorded in administrative fire 
records, forest inventories and identified from remote sensing data. Later years also include some 
smaller fires. The distribution of fires between 1921 and 2015 is extensive throughout the Southern 
Selkirk Mountains (see Figure 5). Compared to the area burned in recent decades, RL2 experienced 
significantly higher area burned in the 1920s and 1930s (sees Figure 6). As a percentage of the total 
area, RL2 also had the largest percentage burned during the 1920s and 1930s compared to all the 
surrounding RLs (see Figure 7). It is also notable that the proportion of area burned from fires with 
human ignition sources has decreased dramatically since the 1960s. 

Figure 5. Forest fires by decade between 1921 and 2015 for the Southern Selkirk Mountains. Note the 
extensive areas burned during the 1920s and 1930s. 

RL 12 

Creston 

RL 
11 

Nelson 

RL 1 
RL 3  

RL 2 
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Figure 6. Area burned by decade in Regional Landscape 2. 

 

Figure 7. Percentage area burned by decade for the regional landscapes in the vicinity of the study 
area. The Darkwoods property is mainly in RL2, with southeast corner extending into RL3. 
Fire size has also varied over the past century, with larger fires during the 1920s and 1930s, and smaller 
fires in the latter part of the century (see Figure 8). Larger fires are however, beginning to occur again in 
the first decade of this century. 
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Figure 8.  Mean fire size by decade for RL2.  

In the recent West Kootenay climate change 
project, regression analysis was used to 
examine the historical interaction between 
annual area burned and climatic variables such 
as summer maximum temperatures and 
summer precipitation (Utzig et al. 2011). The 
resulting relationships were then applied to 
climate projections to estimate potential 
future changes in annual area burned. The 
results of the analysis for the southern West 
Kootenay (RLs 1, 2, 3) are presented in Figure 

9. The regression results indicate steadily 
increasing area burned for all climate 
scenarios, although there is uncertainty in the magnitude of the increases. The minimum projected 
increases in average area burned for the 2050s are 2 to 3 times greater than the area burned during 
recent decades, with average projected increases of 10 to over 100 times. 

Figure 9.  Projected increases in 30 year means of annual area burned from three GCM/ emissions 
scenarios, with 95% confidence intervals (CIs), for the southern West Kootenay (RLs 1,2,3). Values 
below the projections are means of the GCM/ emission scenarios for each time period. CIs for the 
projections do not include uncertainty from the GCMs. Note log scale on graph. Adapted from Utzig et 
al. 2011. 
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What do the climate forecasts suggest about future fire in Darkwoods?  
Over the past decade, the increase in area burned, and the increases in maximum and mean fire size are 
consistent with recent climatic trends. Increases in maximum July – August temperatures and decreases 
in July – August precipitation are likely driving the increase in area burned. Climate change projections 
for further increases in summer temperatures (without increases in summer precipitation, or with 
potential decreases in summer precipitation) suggest that area burned is likely to increase further over 
the coming decades. The regression analysis confirms those assumptions, suggesting that fire regimes 
are headed for conditions similar to those present during the 1920s and 1930s (see Figs. 5 – 8). 

Overall: The projected bioclimatic envelopes are also consistent with a change in fire regimes. The lower 
elevation Ponderosa pine / Grand fir / grassland-steppe environments signal a shift from the current 
mixed Natural Disturbance Types (NDTs) 2 and 3, moderately frequent stand-replacing fire regime, to 
NDT4, a high frequency low intensity fire regime. The mid elevation areas generally shift from an NDT2 
infrequent stand-replacing and mixed intensity fire regime to an NDT3 frequent stand-replacing fire 
regime. The upper elevations are less certain, ranging from a mixed NDT3/4 regime under the very 
hot/dry scenario to an NDT1/2 regime under the warmer and wetter scenarios. Figure 10 shows the 
current NDT and projected changes in NDT for the three scenarios. It should also be noted that the 
projected shifts in vegetation types will likely not be a smooth transition, but rather, epidsodic radical 
regime shifts following catastrophic disturbances – with stand-replacing fire being one of the main 
agents of disturbance (Holt et al. 2012). 

Low / Mid Elevations: All the scenarios indicate a shift to climate envelopes currently defined by NDT4 
type ecosystems at lower and mid elevations. NDT4a is separated out as these climate envelopes are 
expressed elsewhere as true grasslands without a significant treed component. All scenarios suggest this 
will be the dominant climate envelope adjacent to lake and one scenario suggests a significant swath 
upslope will have insufficient moisture to support tree growth. This change is likely accompanied by a 
significant increase in fire - with frequency and severity influenced by the fuel load on the site. In one of 
the potential climate futures, NDT4 type ecosystems are predicted to cover the vast majority of 
Darkwoods from lake level to ridge top. Overall, the three scenarios predict very similar direction of 
change, with only the magnitude and geographic extent varying between scenarios. We can therefore 
be relatively confident that this provides directional guidance for management.  

Upper Elevations: The three climate scenarios present a wide range of potential futures. In one scenario 
the extent of NDT1 wetter forest ecosystems expands from current, while at the other end of the 
spectrum the scenario predicts NDT4 type ponderosa pine /grassland ecosystems to practically cover all 
the highest elevations. The third scenario presents a middle type future, with an increase in potential 
alpine parkland ecosystems (NDT5), and an increase in moist forest types below the alpine. The climate 
envelope projections only contemplate climate factors. High fuel loads coupled with the likelihood of 
increasing mortality due to disease and insect outbreaks associated with climate change are also likely 
to increase fire frequency, regardless of which scenario actually develops over the coming decades. 

These three scenarios are considerably different from one another but are equally likely based on the 
information we have currently. This type of variability suggests that direct action assuming a single 
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future is unwise, and managing to maintain present values and resilience in the system in the long run is 
most advisable.  

Mid Elevation: The mid elevation zones mirror the high elevation projections – with scenarios differing 
significantly on potential future state, ranging from an increase in wetter NDT1 type forests, to NDT4 
open forest or grassland ecosystems. In all cases, a key feature is the potential increase in adjacency of 
hot dry ecosystems to mid elevation forests, and a greater potential for fire at low elevations to impact 
upslope forests, especially on face units along Kootenay Lake and adjacent southern aspects.  
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Figure 10.  Current and projected future Natural Disturbance Types for the 2080s.
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Section 2: Conservation Targets and their Vulnerability to Climate Shifts 
 

Six Conservation Targets identified for the Darkwoods property are:  

1. Mountain caribou 
2. Hydro-riparian ecosystems 
3. Dry Interior Cedar-Hemlock ecosystems 
4. Grizzly bear 
5. Old Growth Interior Cedar-Hemlock 
6. Rare ecosystems and features  

Each of the Conservation Targets is comprised of a diversity of species, habitat types and habitat 
elements, and each of these sub-components may be affected by fire frequency and severity in different 
ways. In order to assess the potential vulnerability of these Conservation Targets, it was therefore 
necessary to separate each target into its component pieces. Nested targets were derived by reviewing 
the most relevant background documents provided by NCC pertaining conservation values on the 
Darkwoods property. These documents included the Darkwoods Conservation Area Baseline Inventory 
Report (Gao 2010), the Fisheries and Aquatic Habitat Data Review (Irvine 2014), the assessments of 
Sensitive Ecosystems (Cronin et al. 2010) and Hydro-Riparian and Wetland  Ecosystems (Gao et al. 2009), 
the Conservation Viability Assessment report (Wilson 2011), and the Darkwoods Conservation Area 
Property Management Plan (NCC 2011). 

Any nested values (either federally or provincially listed, rare, or relatively unique, and/or of 
management relevance in local ecosystems) confirmed on the Darkwoods property were classified as a 
nested target in the table under one or more of the applicable six Conservation Targets.  Again, only 
values that were previously confirmed on or adjacent to the property were included as nested targets, 
rather than the broader suite of values potentially occurring within the South Selkirks Natural Area 
Conservation Plan. 

Table 1 below creates a comprehensive list of the attributes and species that relate to the broader 
Conservation Targets. In addition, Table 1 comments on how sub-components may be vulnerable to 
different types of fire (i.e., high intensity, mixed severity and low intensity). Vulnerability rankings 
consider larger scale impacts of varying fire intensities on habitats and dependent species of flora and 
fauna (rather than how fire might impact individual occurences of species via direct mortlality, injury, 
immigration or emigration. etc.). Information compiled in Smith (2000) and Brown and Smith (2000) was 
reviewed in support of the vulnerability ratings developed in Table 1.  Fire types are then linked to fire 
frequency and severity and associated fire regimes (Natural Disturbance Types 1-5) in the next section.  
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Table 1. Conservation Targets and their associated ecosystem units, habitats, seral stages and other habitat elements, and associated 
vulnerability to fire type (i.e., high intensity, mixed severity and low intensity). Vulnerability rankings are shown by colour theme: red = 
Conservation Target is incomptable with fire regime; orange = Conservation Target is somewhat negatively impacted by fire regime; white = 
neutral; blue = Conservation Target is somewhat positively affected by fire regime; green = Conservation Target is enhanced by fire regime. 
Although some fire regimes are currently unlikely to occur where some of the targets are located on the landscape, all targets were rated for 
all regimes due to the uncertainty around future shifts in disturbance regimes (e.g., see last subesection of Section 1). 

 

Biodiversity  

(or Nested) 
Targets 

 

Nested Ecosystem Units, Habitats, Seral Stages. and Other Habitat Elements 

Vulnerability To Fire 

High 
Intensity 

Mixed 
Severity 

Low 
Intensity 

Mountain 
Caribou 

ICH, ESSF, 
IMA units 

Old forest 
habitat (large 
contiguous 
tracts) 

Wildlife trees 
(with high lichen 
loads; Bryoria, 
Alectoria, 
Nodobryori spp.) 

Subalpine 
grassland/ 
shrub/ 
meadow 

 

Rugged terrain 
(for calving) 

Habitat 
connectivity  

Unroaded 
areas free of 
predators 
and 
disturbance 

  Low 
probability 

to occur 

Tall Bluebells ESSFwc, 
ICHmw2, 
ICHdw1, 
ICHxw 

Moist to mesic 
conifer, mixed 
or riparian 
forest 

Herbaceous 
riparian habitat 

Grassland/ 
shrub/ 
meadow 
habitat 

Cold springs   Impedes regen; 
delay to re-

establish from 
off-site seed 

sources 

May re-
sprout and 
seed back 

in from 
margins 

Surface fire 
may 

increase 
plant vigor 

Landscape 
Connectivity 

ICH, ESSF 
and IMA 
units 

Interior forest 
habitat 

Interlocking tree 
crowns 

       

Wildlife Trees ICH and ESSF 
units 

Range of tree 
species, 
diameter and 
decay classes 

Lichen-loaded Structural 
diversity 
(cavities, 
broken tops, 
loose bark) 

Multi-layered 
canopies with 
gaps 

Heart-rot and 
decay 

Large hollow 
logs, root 
wads 

High tree 
mortality; trees 

too scorched 
for nesting/ 

roosting 

Scorched 
trees have 

limited 
value for 

nesting/ro
osting 

Minor burn 
can create 

WTs; 
accelerate 
tree death, 

decay, 
breakage 
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Hydro-
riparian 
Ecosystems 

ICH and ESSF 
units 

Rivers, streams, 
creeks, and 
wetlands 

Riparian and 
wetland 
vegetation 

Range of seral 
stages 

High percent 
cover  

Stream banks   Runoff, 
erosion, debris 
flows, change 
to water table 

Cover loss; 
localized 
erosion 

and 
sediment  

 

Northern 
Leopard Frog 

ICHxwa, 
ICHxw 

Breeding sites 
(shallow water 
near the shore 
of herbaceous 
wetland with 
rooted aquatic 
vegetation) 

Wintering sites 
(well-
oxygenated 
bottoms of 
ponds, rivers, 
streams that 
don’t freeze) 

Wet meadows 
and fields 

Migration 
corridors 
(between 
breeding, 
feeding, and 
wintering sites) 

Terrestrial and 
aquatic 
invertebrates 

 High T®; low 
humidity, less 
shade/ cove; 

runoff, erosion,  
water table 

changes, 
breeding site 

impacts 

Less shade 
and cover; 
localized 

runoff and 
erosion 

 

Western Toad ICH and ESSF 
units 

Aquatic 
breeding sites 
(shallow littoral  
zones of 
wetlands, lakes, 
ponds, 
reservoirs, slow-
moving 
streams) 

Winter 
hibernacula 
(areas with 
loose soil, 
burrows) 

Habitat 
connectivity 
(movement 
corridors 
between 
breeding and 
wintering sites) 

Riparian, 
forest, 
woodland, 
shrubland and 
grassland 
habitats 

Invertebrates in 
terrestrial and 
riparian habitats 

 High T®; low 
humidity, less 
shade/ cove; 
runoff, erosion,  
water table 
changes, 
breeding site 
impacts; 
predation risk 

Loss shade 
and cover; 
localized 
runoff and 
erosion; 
predation 
risk 

Less shade 
and cover; 
predation 
risk; shrubs 
rejuvenated 
with more 
insect food 

Coeur 
d'Alene 
Salamander 

ICHxwa, 
ICHxw, 
ICHdw1 

Riparian habitat 
(waterfall 
splash zones, 
springs, seeps, 
stream edges) 

Mesic 
coniferous 
forest 

Steep gradient 
rock (cliff, 
cave, 
streamside 
talus) 

Hibernacula 
(under-ground 
rock crevices) 

Under leaf litter, 
bark, logs, soil 

Insects High T®; low 
humidity, less 
shade/ cove; 
runoff, erosion,  
water table 
changes, 
breeding site 
impacts; 
predation risk 

Loss shade 
and cover; 
localized 
runoff and 
erosion; 
predation 
risk 

Less shade 
and cover; 
predation 
risk; shrubs 
rejuvenated 
with more 
insect food 
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1 Yellow-breasted Chat: Severe fire would have negative impacts; takes ≡12 years in the ICHxwa for a totally mowed breeding territory area to regenerate to a 
usable shrub patch for breeding. At the landscape scale, would create more post-fire habitat in the short term for this species near water. Mixed - certain 
riparian forested areas that are burnt may regenerate with suitable shrubs on the short-term (3-5 years) but normally transition to unusable structure quickly, 
unless they burn again. Low intensity is best scenario to maintain some habitat.  

Great Blue 
Heron 

All ICH units Riparian (river, 
reservoir, lake) 
or wetland  
habitat  

Breeding stands 
(mature   
deciduous, 
coniferous, 
mixed within 
500 m of 
riparian or 

wetland habitat) 

Large wildlife 
trees (≥50 cm 
dbh of decay 
class  1-3) 

 

Fish-bearing 
waters 

Moist meadow/ 

grassland 

Amphibians, 
small 
mammals, 
birds 

Loss of 
nest/perch 
trees; less 
cover, more 
disturbance; 
flood, run-off, 
erosion, 
changes to 
water table; 
impacts at 
forage sites 

Less cover 
and more 
disturbanc
e; run-off, 
erosion, 
localized 
impacts to 
forage 
sites/prey 

Less cover 
and more 
disturbance; 
improved 
foraging in 
meadow or 
grassland 
habitats 

Lewis 
Woodpecker 

ICHxwa, 
ICHxw, 
ICHdw1 

Dry open 
coniferous,  
deciduous or 
riparian forest 

Burned or 
logged Forest 
with open tree 
canopy 

Grassland/ 

shrubland/ 
meadow with 
brushy 
understory 

Abundant 
snags with 
cavities, and 
perch sites 

Abundant 
insects 

 Loss of 
nest/roost 
trees; increase 
in forage trees 
and insects  
short term 

Less 
nest/roost 
trees; more 
forage 
trees and 
insects 

Ideal 
conditions 

Yellow-
breasted 
Chat1 

ICHxwa, 
ICHxw 

Shrubland and 
riparian habitat 

Open canopy 
thickets and 
woodlands with 
dense sub-
canopy (≤2 m) 

Streams, ponds 
or wetland 
edge habitats 

Abundant 
insects, small 
fruits 

Dense mesic 
shrub species 
(Rose, 
snowberry, 
willow, ninebark, 
saskatoon, 
hawthorn) 

 Contiguous 
tracts of 
riparian 
shrubland lost 

May create 
some 
temp. 
riparian 
shrub 
where 
forests 
dominate 

Maintains 
patches of 
suitable 
shrub across  
landscape 
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2 Western Screech-owl: Severe fire has negative impacts; removes cover and screening from predators; takes too long to regenerate the structure, deciduous 
cavity trees, plus the requisite cover around it; they need cavities made by PIWO and do not use scorched trees. 
3 Bank Swallow: Erosion and sedimentation due to severe fires with debris flows would erode banks, undercut, flood and wash away nest sites, but a few new 
sites may be created via erosion. Reduced aquatic insect hatches with severe fire; increased predation risk if no cover. 

Western 
Screech-Owl2 

ICHxwa, 
ICHxw, 
ICHdw1 

Broadleaf (and 
mixed 
deciduous-
coniferous) 
riparian 
woodland  

Mature stand 
structure and 
good understory 
shrub thickets 

Wildlife trees 
(broadleaf and 
occasional 
conifers with 
natural or 
woodpecker 
cavities) for 
nesting and 
roosting 

Small mammals 
(shrews & 
mice), insects, 
birds 

Shrubby 
understories for 
cover 

 Loss of 
nest/roost 
trees and 
cover; more 
predation & 
disturbance; 
prey impacts 

Less nest/ 
roost trees 
and cover; 
more 
predation, 
disturbanc
e; prey 
impacts 

Rejuvenate 
shrub, more 
prey visible  

Bank 
Swallow3 

ICHxwa, 
ICHxw, 
ICHdw1 

Riparian, 
wetland, 
shallow open 
water, and 
other open 
habitats (fields, 
meadows) 

Nests along 
banks (sand/dirt 
or gravel) edges 
of water bodies 
or roads 

Flying insects 
(beetles, 
mosquitos, 
flying ants, 
flies, moths) 

Friable soil (for 
excavation of 
nesting 
burrows) 

  Run-off, 
erosion, 
flooding, nest 
loss; less  insect 
hatches 

Erosion 
may 
expose 
new nest 
sites; less 
aquatic 
insects? 

Rejuvenate 
shrub, more 
insects 

Bull Trout ICH and ESSF 
units 

Rearing Habitat 
(low velocity, 
shallow, cold 
streams with 
shading) 

Spawning 
habitat (higher 
order streams 
with low 
channel 
gradients, 
gravel/ cobble 
substrates)   

Clear, cold, 
water (≤18 ®C) 

Aquatic 
connectivity 

 

Overhanging 
bank cover and 
riparian 
vegetation 

Ground 
water 
upwelling 

No shade,  high 
T®; run-off, 
erosion, 
flooding, 
siltation; 
turbidity 
impacts;  

Loss of 
shade; 
some 
erosion 

 

Nuttall’s 
Waterweed 

ICHxw, 
ICHdw1 

Aquatic lowland 
habitats (lakes, 
ponds, and 
streams) 

Shoreline  Shallow open 
water 

   Flooding, 
debris flows, 
erosion, 
sediment 

Erosion; 
water table 
changes 

Most stable 
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Hydrologic 
Connectivity 

ICH and ESSF 
Units 

Consistent flows  Stable water 
levels 

Islands, cobble 
and gravel bars 

Large woody 
debris 

Cascades, riffles, 
glides, deep 
pools, eddies 

 Flooding, 
debris flows, 
changing water 
table, erosion, 
sediment 

Some 
erosion 
and 
sediment; 
water table 
fluctuation
s 

Most stable 

Dry ICH Dry ICH units 
(ICHxwa, 
ICHxw, 
ICHdw1) 

Fd, Py and Lw 
dominant 
species 

Large diameter 
veteran trees 

Large diameter 
hollow logs 
and woody 
debris 

Grassy and 
shrubby 
understories 

  Loss of vet 
stand structure  
and understory 

May create 
valuable 
snags and 
hollow logs 

Most stable  

Western 
Skink 

ICHxwa, 
ICHxw, 
ICHdw1 

Dry to mesic 
Coniferous 
Forest 

Grassland/ 

shrubland/ 
meadow 

Rocky habitat 
near streams 

Rocks and 
burrows, leaf 
litter 

Insects (crickets, 
beetles, 
grasshopper, 
flies, spiders, 
earthworms 

 No cover, high 
predation risk; 
less food  

Lack of 
cover; 
more 
suitable 
early seral 
habitat 
created; 
less cover 

Most stable 

Flammulated 
Owl 

ICHxwa, 
ICHxw, 
ICHdw1 

Dry coniferous 
forest (Fd-
leading) 

Mature to old 
forest (>140 
years) with 
multi-layered 
canopies) 

Wildlife trees 
(>50 cm dbh 
with 
woodpecker or 
natural 
cavities) 

Nocturnal 
invertebrates 
(moths, 
crickets, 
beetles) 

Dense shrubby 
understories and 
thickets with 
dense branching 
for security 

Small 
openings for 
hunting 

Loss of cover 
and nest/roost 
trees; high 
predation risk 

Less nest 
and roost 
trees; less 
cover and 

More 
shrubby 
habitat and 
insects; 
more 
openings for 
hunting 

Lewis’s 
Woodpecker 

ICHxwa, 
ICHxw, 
ICHdw1 

Dry open 
coniferous, 
deciduous, 
riparian forest  

Burnt or logged 
forest (with a 
grassland/ 

shrubland 
understory) 

Mature stand 
structure 

Large snags 
with nest and 
roost cavities 
(Py and Act are 
preferred tree 
species) 

 

Insects  Lack of nest 
and roost 
trees; short 
term increase 
in forage trees 

Less nest 
trees; more 
forage 
trees and 
insects 

Ideal 
conditions 
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American 
Badger 

Dryer open 
ICH (and 
possibly also 
ESSF and 
IMA units)  

Grassland/ 

shrubland/ 

meadow/ 

field/ 

pasture 

Dry coniferous 
forest (with 
open canopy) 

Subalpine 
meadows and 
alpine tundra 

Friable soil for 
burrowing 

Small rodents 
(occasionally, 
birds, insects, 
herptiles) 

Habitat 
connectivity; 
movement 
corridors 

Severe fire may 
impact some 
prey 

Creates 
more open 
habitat; 
prey visible 

Most stable 

Common 
Nighthawk 

ICHxwa, 
ICHxw, 
ICHdw1, 
ICHmw4 

Dry to mesic 
coniferous 
forest 

Grassland/ 
shrub/ meadow 

Riparian (lake, 
pond or 
wetland) 

Rocky/talus 
habitat 

Flying insects 
(mosquitos, 
moths, beetles, 
flies) 

 Lack of cover; 
predation risk; 
impact on prey 

More open 
habitat; 
more prey; 
more 
predation 
risk 

Most stable 

Barn Swallow ICH and ESSF 
Units 

Field, pasture  

 

Grassland/ 

shrubland/ 

meadow 

Riparian (lakes, 
ponds, open 
water) and 
Wetland 
Habitats 

Barns, 
buildings, 
bridges, caves 
and Cliffs 

Flying insects 
(flies, beetles, 
bugs, 
dragonflies, 
damselflies, 
butterflies, 
moths) 

 Loss of 
structure, loss 
of cover and 
insect habitat  

More  
openings 
and insects 

Most stable 

Rubber Boa ICHxwa, 
ICHxw, 
ICHdw1 

Dry Open 
Coniferous 
Forest 

Grassland/ 
shrubland/ 
meadow 

Rock/talus/ 
crevice habitat 
(for denning) 

burrows or 
rotting logs, 
stumps (for 
cover) 

mice, shrews, 
lizards, snakes, 
small birds 

 No cover; 
higher 
predation risk; 
short term 
food shortage 

More open 
habitat, 
prey more 
available 

Most stable 

Townsend’s 
Big-eared Bat 

ICHxwa, 
ICHxw, 
ICHdw1 

Mature 
dry/mesic 
forests 
(coniferous, 
mixed, 
deciduous) 

Maternity/ 
hibernation sites 
(caves, mine 
tunnels, 
buildings) 

Night roosts 
(tree cavities) 

Flying Insects 
(mainly moths) 

Forest openings 
(flight corridors) 

Edge 
habitats on 
streams and 
mountain 
slopes 

No cover;  no 
tree roosts; 
high predation 
risk; short term 
insect shortage 

More 
openings 
and insects 

Most stable 

Least 
Bladdery 
Milk-vetch 

ICHdw1 Dry open 
coniferous 
forest  

Grassland South-facing 
open rocky 
habitat 

   Top kill; must 
re-seed from 
outside 

More open 
habitat 

Most stable 
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Grizzly Bear ICH and ESSF 
units 

Alpine and sub-
alpine 
meadows/ 
grasslands 

Avalanche tracks Hydro-riparian 
(large trees or 
well-drained 
hollow in slope 
for denning) 

Berry 

habitat 

Habitat 
connectivity; 
movement 
corridors 

Other food 
(carrion, 
mammals, 
insects, fruit, 
grasses, 
bark, roots, 
mushrooms) 

Short term 

loss of 
connectivity, 
cover for dens; 
some prey 
impacts;  gain 
in berries 

Increase in 
berry 
habitat 

Increase in 
berry habitat 

Wolverine Mesic to wet 
ICH, ESSF 
and IMA 
units 

Alpine tundra, 
meadows  

Coniferous 
forests 

Riparian/ 
wetland 
habitat 

Habitat 
Connectivity; 
Movement 
Corridors 

Denning habitat 
(cave, fallen 
tree, root wad, 
talus, thicket) 

Food (roots, 
berries, 
mammals, 
birds, fish, 
carrion) 

Loss of 
connectivity, 
cover at dens; 
short term 
foraging 
impact? 

Less 
connectivit
y; possible 
increase in 
food 
availability 

Increase in 
food 
availability 

Fisher ICH, ESSF 
and IMA 
units 

Mature to old 
coniferous or 
mixed forest 

Wetland and 
riparian  (forest, 
shrubland, 
herbaceous 
habitat) 

Stand 
structural 
complexity 
(high canopy 
closure, large 
trees, snags 
and CWD, 
multiple 
canopy layers) 

Denning 
Habitat 
(Wildlife trees  
>50 cm dbh 
with hollows, 
cavities, broken 
tops) 

Food (mammals, 
birds, carrion, 
fruit) 

Habitat 
connectivity; 
movement 
corridors 

Loss of denning  
habitat and 
connectivity; 
loss of cover; 
impacts on 
some prey 

Impacts to 
denning 
habitat, 
less cover; 
increase in 
prey? 

 

Landscape 
Connectivity 

ICH, ESSF 
and IMA 
units 

Interior forest 
habitat 

Un-roaded Un-inhabited       

Old Growth 
Cedar 
Hemlock 
Forest 

ICH units Stand structural 
complexity 
(large dbh trees, 
snags. hollow 
logs, root wads,   
CWD) 

High canopy 
closure, multiple 
canopy layers, 
gaps 

Trees with 
defects 
(cavities, 
hollows, 
broken tops, 
heart rot, stem  
defects) 

Arboreal 
lichens 

Fungi     
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Rare 
Ecosystems 
and Features 

ICH, ESSF 
and IMA 
units 

Listed plant 
communities 

Tufa springs, hot 
spring, seeps 
waterfall splash 
zones 

Cottonwood 
bottomlands 

Wetlands 
(marsh, shallow 
open water, 
fen, bog, 
swamp) 

 

Floodplains, 
estuaries, 
islands, gravel 
and sand bars 

Karst, 
caverns, 
caves, cliffs, 
rock, talus 
(**Note: low 
vulnerability 
to fire, in 
contrast to 
other rare 
features 
listed) 

Flooding, 
debris flows, 
water table 
changes;  
runoff, erosion, 
sediment, 
siltation, loss of 
rare 
occurrences 

Localized  
runoff, 
erosion, 
sediment 

 

Whitebark 
Pine 

ESSF and 
IMA units 
(mainly 
warm, dry 
exposures) 

Subalpine 
forests and 
alpine transition 
(krummholz)  

Sparsely 
vegetated rock, 
talus, cliff (thin 
soils) 

Seed 
dispersers 
(Clark’s 
nutcracker, 
mammal and 
bird species) 

   Severe fire 
following 
beetle or 
blister rust 
infection very 
harmful 
because seed 
sources 
severely 
reduced 

Less seed 
dispersal; 
mature 
trees may 
survive low 
- moderate 
fire; 
regenerate 
on burnt 
soil  

 

Little Brown 
Myotis 

ICH and ESSF 
units 

Maternity 
roosts 
(buildings, 
caves,  hollow 
trees) 

Winter 
hibernation sites 
(caves, tunnels, 
abandoned 
mines)  

Foraging sites 
(flyways and 
open forests 
and 
woodlands; 
often near 
water) 

Insects 
(mosquitos, 
midges, 
caddisflies, 
moths, 
hoppers, 
beetles, 
spiders) 

  No cover; loss 
of tree roost 
sites; predation 
risk; less insect 
prey 

 

Less cover; 
less tree 
roost sites; 
possible 
increase in 
insect prey 

 

More tree 
roosts; good 
insect 
habitat; 
more prey 

Peregrine 
Falcon 

ICHxwa, 
ICHxw, 
ICHdw1, 
ICHmw 

Cliff,  rock, talus Riparian habitat 
(lake, pond, 
open water) 

Grassland/ 

shrub/ 

meadow/ 

field 

Prey 
(shorebirds, 
waterfowl, 
pigeons, 
songbirds) 

  Flooding, 
runoff, erosion, 
and riparian 
impacts; less 
prey in short 
term  

More open 
habitat for 
hunting 

Greater 
visibility and 
open 
patches for 
prey 
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Bat Roosting 
Sites  

ICH and ESSF 
units 

Wildlife trees 
(natural or 
excavated 
cavities, loose 
bark, or tree 
hollows) 

Caves, crevices, 
talus (enduring 
features less 
sensitive to fire 
than others in 
this category) 

Buildings    No cover or 
connectivity; 
high predation 
risk; high tree 
mortality and 
loss; 

Loss of 
cover and 
higher 
predation 
risk; 
scorched 
trees;   

More WTs 
created with 
roosting 
suitability; 
less cover in 
short term; 
more insects 

Snake 
Hibernacula 

ICHxwa, 
ICHxw 

Rock crevices, 
under talus  

Mammal 
burrows or 
hollows 

Under logs or 
CWD 

   No cover; and 
isolated; high 
snake 
predation risk 

More open 
habitat 
created; 
little cover 

Most stable 
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In general terms, low intensity fires are unlikely to have significant or lasting impacts on the many of 
Conservation Targets, with the exception of those needing closed canopy forest structure, and can 
enhance habitat for populations of species adapted to a high frequency, low intensity (NDT4) stand-
maintaining fire regime. Infrequent to rare, stand-initiating fires (NDT1 and NDT2, respectively) will 
reduce habitat for species requiring contiguous tracts of denser forested cover, while improving habitat 
quality for species that prefer open habitats. The greater the difference of future to current natural 
disturbance regimes, the more naturally occurring patterns, processes, and functional linkages will 
change, and the greater the potential impact with longer recovery periods. Larger and more severe fires 
are predicted to occur more frequently with climate change and may reduce the capacity of some 
habitats associated with sensitive species (e.g., mountain caribou) to recover at all. This is especially the 
case where long term fire exclusion has permitted fuel to build-up and altered species composition over 
large areas. In the case of mixed severity fires, corresponding to a frequent stand-initiating (NDT3) 
regime, the extent of and recovery period from habitat impacts would generally fall somewhere in the 
middle; species populations that depend on patchy habitats with abundant edges are expected to 
benefit from a mixed severity regime. 

Darkwoods: Strategic Management Options 
The term Ecosystem-Based Adaptation (EbA) has been suggested as the new moniker for socially, 
ecologically and climate relevant management approaches. EbA is a set of adaptation policies or 
measures that consider the role of ecosystem services in reducing the vulnerability of society to climate 
change in a multi-sectoral and multi-scale approach (Vignola et al. 2009). Such policies and measures 
also aim at reducing the vulnerability of ecosystems and their services to different threats, including 
climate change and land-use change (Locatelli and Pramova Undated). In practice there are only a 
limited number of potential strategies for action: 

• Aim to Adapt: Improve a value’s adaptation potential so it can respond and have increased 
resilience against climate change. This is sometimes thought of as ‘buffering’ the system to 
increase its resilience, working to increase landscape functionality, and it can include stand-level 
type treatments such as reducing fuel loading, or transitioning to climate appropriate species or 
also increasing landscape level connectivity over larger regions, or protecting fully 
representative ecosystems from manageable threats to improve the chances of facilitating 
natural adaptation.  

• Aim to Defend: Attempt to defend the existing value of concern in its current state. This 
acknowledges a potential clash between a current value and likely future pressures (e.g., old 
forest in moist ecosystems and increased future fire risk. Here, attempting to reduce the threat 
of loss (e.g., increasing protection from harvest, or reducing probability of catastrophic fire 
through access management) is the goal.  

• Monitor Response: Allow the value of concern to respond and adapt  to changes in fire and 
climate without interference in the short-term. Monitor the responses of the ecosystem to 
climatic shifts and adapt strategies accordingly.  This may be a less active version of aim to 
adapt, in cases where less is known about the direction of change, or where fewer ecosystem 
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service or conservation values result in the ecosystem being lower down a priority list for 
management focus, or where the predicted changes are far outside the range where the value 
in question can cope so resulting in a triage decision for the value. Monitoring results should be 
periodically reviewed to consider whether other strategies or management actions may be 
appropriate. 

Section 3: Setting Climate-Change Relevant Fire Management Direction 
 

Table 1 above identifies in detail how each of the Conservation Targets and their sub-components are 
vulnerable to three generalized fire regimes. Based on current location and condition, each value has 
evolved with an historic fire regime, is subject to the current fire regime (which may or may not already 
have transitioned from the historic regime), and is potentially vulnerable to the future regime. Figure 10 
provides a summary of potential Natural Disturbance Type shifts based on the three climate scenarios 
introduced earlier. 

Where a Conservation Target is vulnerable to either the current fire regime, or the potential future 
regime then an ‘action decision’ is needed. Action decisions involve determining the most appropriate 
action (Adapt, Defend or Monitor) and the specific strategies that would be needed to undertake that 
Action Decision for a Conservation Target, given our current knowledge of potential climate futures.  
Given the large number of Conservation Targets and the high variability in predicting future climate in 
different parts of the landscape, we have consolidated climate vulnerability into relatively coarse Fire 
Management Zones. These zones link to Conservation Targets and climate projections within them, and 
can therefore act as strategic units to guide management decisions.  

Creating  Fire Management Zones 
By combining the analysis of potential climate futures and how disturbance regimes on parts of the land 
base will change through time, with the vulnerability of listed Conservation Targets, we recommend six 
Fire Management Zones (FMZs) that are useful for climate-based decision-making. Table 2 below 
defines these six zones, and links the vulnerability of their key Conservation Targets with predicted 
future fire regimes, thereby arriving at a primary action strategy and associated management direction 
for each. Figure 11 displays the distribution of the FMZs within the Darkwoods property. 
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Table 2. Fire Management Zones (FMZs) useful for fire management decision-making, descriptions of their key Conservation Targets, and 
primary action strategies and associated management direction proposed for each. Each zone is identified in sequence, and are prioritized in 
terms of general priority for action. See additional commentary below on highest priority action areas.  

Zone Description  Primary Action Strategy and Management Direction  

Caribou Habitat - 
Upper Elevation 
Old Forest  

All mapped caribou habitat at 
high elevations (ESSF and ICH 
transition).  

DEFEND: High vulnerability of this value, combined with high variability of potential future fire regimes. 
High priority for defense against any fire activity. Possible follow-up necessary to improve road access in 
order to promote effective fire management (see access management comments in next section).  

No forest management treatments are recommended to defend these areas, due to the difficulty in 
effectively buffering against fire. No buffer zones or thinning of these forest types is recommended, unless 
specifically undertaken to increase the value of local caribou habitat.  

Hydro-Riparian 
Ecosystems 

Hydro-riparian ecosystems 
(defined here as buffered fish 
streams) require differentiated 
management from the 
surrounding forest, and 
operate on a more fine-scaled 
natural disturbance regime, as 
confirmed by the higher 
density of older forest in draws 
around larger streams. Buffers 
are drawn at 200 m wide each 
side of the creek, but should be 
defined operationally on the 
ground for adjacent treatments 
based on topography, moisture 
regimes and stand-level 
attributes present. This zone 
also includes Shaw Creek due 
to the presence of older 
riparian forest and the 
potential for fish habitat 
downstream. 

DEFEND: High vulnerability of many nested sub-components in this ecosystem, combined with the natural 
tendency to survive fire through fire skips and reduced burning on moisture receiving sites. The goal is to 
maintain cover in order to maintain low temperatures and shading in higher value streams, and to maintain 
the older ICH forest patches contained in this zone (see next zone for more information). High priority for 
defense against any fire activity. 

No forest management treatments are recommended to defend these areas due to the great difficulty in 
effectively buffering against fire. No buffer zones or thinning of these forest types is recommended.  
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Zone Description  Primary Action Strategy and Management Direction  

Older ICH 
Forests (outside 
of all other 
zones)  

Concentrations of older forest 
patches (>200 ha) that include 
older western redcedar and 
western hemlock. These are 
not mapped as caribou habitat, 
but may be used by caribou in 
fall and early winter. Include 
some riparian areas upstream 
of key fisheries habitats. Not 
mapped using specific age 
threshold, but built upon areas 
>250 years, >200 years and 
added >140 years.   

DEFEND: High vulnerability of the values to changing fire regimes, but sufficient uncertainty in the 
prediction that it is prudent to work to maintain these values in the short to mid-term, as actual trends are 
realized. All three bioclimate scenarios identify that higher elevations may be suitable in future for 
ecosystems that include western redcedar and western hemlock, hence these areas may include genetic 
resources important for future adaptations.High priority for defense against any fire activity. 

No treatments are recommended, and opening new access to increase accessibility to fire-fighters in these 
areas is not recommended.  

Areas for fire defense need to be a reasonable size, and were built in this zoning exercise from oldest first 
patches. Operationally, any old forest (>140 years), or with old forest characteristics should be maintained 
as per the Conservation Target direction.  

Older ESSF 
Forest (outside 
mapped caribou 
habitat) 

Concentrations of older 
Engelmann spruce and 
subalpine fir patches (>200 ha) 
that are not included in NCC’s 
caribou habitat zone. 

DEFEND: High vulnerability of the value to the range of potential future fire regimes. 

No forest management treatments are recommended to defend these areas, due to the difficulty in 
effectively buffering against fire.  

Recommendation: Conduct further assessment to determine the potential value of this zone as caribou (or 
other rare species) habitat. 

Moderate priority for defense against any fire activity (priority and boundary lines may change, if some of 
this is determined to be caribou habitat). Possible follow-up necessary to improve road access in order to 
promote effective fire management (see access management comments in next section). 
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Zone Description  Primary Action Strategy and Management Direction  

Face Units Primarily east, northeast and 
southerly aspect face units at 
low to middle elevations near 
the lake.  Highest priorities are 
at the lower elevations, but 
fires are likely to spread 
upslope as well. 

Face units are mapped based 
on the projected locations of 
NDT 4 and 4a disturbance 
regimes and bioclimates 
dominated by grassland and 
open forest climatic conditions 
(see Figs. 4 and 10). Emphasis 
is placed on non-northern 
aspects below 2000 m with 
steeper slopes and shallow 
soils. Hydro-riparian and mid to 
upper elevation older forest 
areas have been excluded. 

ADAPT: This zone is projected to transition to an NDT4 open forest and/or grassland ecosystem in the 
midterm. Many of the values present may benefit or remain neutral in response to high frequency, low 
intensity fire regimes. However, there is an urgent need to reduce the current excessive fuel loads to 
prevent catastrophic fire, to which all the Conservation Targets are highly vulnerable.  

High Priority for Action to promote Adaptation.  

Interim Strategy before treatments are carried out: High priority to DEFEND these areas especially where 
a) there are stand level attributes that increase the likelihood of transition to open forest in the short term 
(larger fire resistant tree species), and b) where risk to adjacent DEFEND zones is high.  

Treatments are recommended to reduce fuel loading throughout this zone. Priority areas for action include: 
(a) areas where the face units are downslope from caribou habitat, or (b) areas where face units abut other 
FMZs with a recommended “defend” strategy (see Figure 11); (c) areas with known (rather than projected) 
Conservation Targets present (e.g.,  rare plant communities and species); and (d) areas with appropriate 
stand structure and tree species present to promote an effective transition to an open forest (e.g., 
selectively harvested areas with a larch overstory amenable to further understory treatment to achieve a 
resilient target stand structure).  

Management in this zone should strive to create open forest capable of withstanding moderate intensity 
fires (i.e., low crown bulk density comprised of larger, fire resistant tree species, with minimal ladder and 
surface fuels, a lack of piled woody debris, etc.). Where forest harvesting is feasible near the boundaries of 
high priority defend zones, reforestation with deciduous species should be considered to create fire breaks. 

Residual Matrix 
(remaining 
forest zones) 

Typically mid elevation slope 
position (outside of caribou, 
hydro-riparian or other old 
forest zones). Some of this 
zone may transition to NDT4 in 
future.  

Monitor Response (allow to adapt naturally): This zone has a lower distribution of Conservation Targets, 
combined with variable climate predictions and variable vulnerability to different futures. Allow these areas 
to transition naturally. 

Any management actions in this zone should  follow ecosystem-based management principles (e.g., ensure 
wildlife tree patches are representative of adjacent forest, recruit high value wildlife trees into the future; 
ensure wildlife tree management does not result in loss of high value trees in this system, particularly those 
resilient to fire (larger Douglas-fir, Ponderosa pine and western larch).  

This area borders all key Defend FMZs (caribou habitat, hydro-riparian, older ICH and ESSF forests), and it is 
not contiguous. Management in this residual matrix should therefore complement successful achievement 
of recommended management directions for the adjacent FMZs. Adaptive adjustments will be required 
through time, as actual trends are realized, and fires and other disturbances occur. Where forest harvesting 
is feasible near the boundaries of high priority defend zones, reforestation with deciduous species should 
be considered to create fire breaks. 
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Figure 11.  Fire Management Zones (FMZs) for the Darkwoods property (with linkages to the primary action strategies in Table 2)



29 

 

Section 4: Implementing the Zones 
 

This report provides strategic direction for Darkwoods in responding to future climate by identifying fire 
management zones that reflect location of Conservation Targets and their vulnerability to a range of fire 
regimes. There are a number of additional factors to consider when implementing these strategies.  

Access Management 
Access management is a complex phenomenon with multiple potentially opposing risks associated with 
reducing or not reducing access. The Darkwoods property has seen significant road development during 
its history of forest management. In recent years, there has been an attempt to reduce public access by 
closing some roads and decommissioning selected bridges (e.g., Wildhorse Creek Road in Seeman 
Creek), primarily to enhance probability of persistence for disturbance-sensitive species, and mountain 
caribou in particular. Other roads have been deactivated in part to control access, but also to decrease 
risk to aquatic ecosystems. 

Although Initial attack on most fires is helicopter-based, should a significant fire develop beyond the 
initial attack phase, road access will become important for bringing in equipment and crews. Having a 
road close to a fire can greatly reduce helicopter cycle times for transfer of equipment and crews, 
thereby increasing the likelihood of success at controlling the fire. Maintaining at least one main access 
corridor into each main valley is one option for increasing the likelihood of gaining control of any fires 
that develop into significant threats to the FMZs designated for a Defend strategy. Given the proposed 
Defend strategy for significant features of the landscape, it becomes necessary to review existing access 
zoning, road closures, road deactivation and potential rehabilitation options, to ensure adequate 
firefighting access in light of existing and projected fire risk. 

Recommendation: Darkwoods should review their access management planning process, and consider 
maintaining potential access into each major drainage that includes Fire Management Zones 
recommended for a “defend” strategy.  Figure 12 provides an overview of which presently existing roads 
may fulfill these criteria. Given the extensive road system that already exists, the primary objective of 
providing widespread fire access appears to be achieved with no new road construction. Based on 
currently available information provided by NCC, Figure 13 shows that some of the roads in the 
northwestern portion of the property have been deactivated, or are currently considered brushed-in 
(Wildhorse Road in Seeman Creek and northern upper Laib Creek). Road deactivation is not 
incompatible with emergency fire access, as long as the roads are not completely re-contoured or major 
bridges removed without alternative crossings. 

Recommendation: In addition to strengthening existing  access management strategies to limit human 
use (and reduce stress on access-sensitive species),  Darkwoods should also consider including measures 
for limiting access during periods of high fire hazard, while still maintaining potential access for fire-
fighting. ‘Closing the backcountry’ during periods of very high fire risk can be an effective strategy for 
reducing accidental human-caused fires. 
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Figure 12. Recommended road network for firefighting access to FMZs proposed for Defend strategy. 

Figure 13. Roads recommended for firefighting access currently deactivated or brushed-in. 
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Management of Adjacent Lands 
The center of the Darkwoods property is almost bisected by a significant area of private managed forest 
land not owned by NCC. Clearly, management within these lands will affect the Darkwoods property, 
and we recommend that NCC urge those owners to undertake a similar analysis to that conducted here, 
to ensure that management is complementary and that Conservation Targets on the Darkwoods 
property are not negatively impacted by actions on adjacent lands. 

Similarly, the 14,757 ha Midge Creek Wildlife Management Area and the 26,200ha West Arm Wilderness 
Park abut the northern boundary of the Darkwoods property and were also designated to provide core 
habitat and linkage corridors to protect most of the same Conservation Targets as those supported 
within Darkwoods. Most of the western and southern boundaries of the Darkwoods property abut 
Crown forest areas designated for  mountain caribou management under a BC Government Action 
Regulation (GAR). To achieve common goals, it is vital to meet with adjacent land managers, share this 
strategic approach, discuss the implications for future planning and management of adjacent lands, and 
maintain an ongoing dialogue regarding coordinated operational implementation.  

Contributing Risk Factors  
As previously discussed, an overall increase in fire risk is predicted in future, irrespective of which 
climate scenario actually develops. Low and middle elevations will transition to NDT4 and NDT3 fire 
regimes, respectively, whereas predictions for upper elevations range from a mixed NDT3/4 regime 
(under the very hot/dry scenario) to an NDT1/2 regime (under the warmer and wetter scenarios). In 
light of these predicted trends, several potential natural and human-caused ignition sources on the 
Darkwoods property require further consideration.  

Lightning strikes have been the most frequent sources of ignition over the past few decades. Although 
the location and frequency of lightning strikes depends on many factors, there are general locations that 
receive more strikes than others and due to storm tracks, topography and geology there are some 
locations near the Darkwoods property which may have a higher frequency of strikes. BC MFLNR has 
annual information on lightning strike locations, but these data are not publicly available at this time.  

Recommendation: If / when Darkwoods reviews their access management plan, liaise with MFLNRO (Art 
Westerhaug) to determine whether there are repeated patterns of lightning strikes around the area that 
would result in modifications to the required access plan to implement the recommended Defend 
strategies. 

Sources of human-caused ignition are almost limitless, and include the various public and forest access 
roads (i.e., Blaze Summit, and Porcupine Creek Forest Service Roads, Wildhorse, Oscar, Hidden, Sheep, 
Nugget, Topaz and Newington Forest Service Roads; Figure 13), the Canadian Pacific Railway (which runs 
parallel to the eastern property boundary to the southern end of Kootenay Lake), and the Tye site, 
where a number of cabins, trailers, miscellaneous out-buildings and campsites are located (which can 
also be reached by boat via Kootenay Lake).  Several potential key ignitions sources (e.g., Tye, railway) 
are downslope of the property, and if a fire were to ignite locally, it would be very likely to spread 
upslope, in the direction of the key Conservation Targets.   
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Adaptation on the Face Units:  

The Face Unit FMZ is a priority for Adaptation action (i.e., treatments to improve resilience to climate 
change). The proposed treatments will help existing ecosystems to shift to conditions adapted to the 
projected climate conditions, including adaptations that are compatible with the likely increase in fire 
frequency. These areas were identified for Adapt treatments because their Conservation Targets are 
generally resilient to low severity fires, and there is an expected increase in fire frequency in this zone. 
Without management for this transition, catastrophic fire will likely result in loss of Conservation Targets 
in the short to medium term, and put adjacent ‘Defend’ areas at risk from high intensity fires moving 
from low to higher elevations.  

Recommendation: Evaluate stands in the Face Unit for their site-level vulnerability to fire and 
probability of effective fuel reduction, and transitioning to an open forest structure with a fire-resistant 
species composition. This evaluation should include stand level assessment of risks and opportunities, 
including current fuel loads, stand structure, tree species composition, presence of fire-resistant tree 
species, stand age, and landscape level assessment, in particular proximity to other zones with a Defend 
strategy, and adjacent stands with high stand-level features worthy of protection. The results of this 
assessment would be used to identify priority sub-units for prescription development and 
implementation. In general, priority areas for action would include (a) areas where the face units abut 
Upper Elevation Old Forest Caribou Habitat, (b) areas where face units abut other FMZs with a 
recommended “defend” strategy (see Figure 11), (c) areas with known Conservation Targets present 
(e.g., rare plant communities and species), and (d) areas with appropriate stand structure and tree 
species present to promote an effective transition to an open forest. (e.g., selectively harvested areas 
with a larch overstory amenable to further understory treatment to achieve a resilient target stand 
structure). To increase future efficacy of firefighting actions, a variety of potential stand treatment 
actions should be considered as part of prescriptions, such as partial cutting targeting the retention of 
the largest trees of fire resistant species (Ponderosa pine, Douglas-fir and western larch) and reducing 
stand density below what will carry a crown fire, intensive pruning, understory thinning, debris removal 
around leave trees, deciduous breaks, fire guards,  and measures to ensure retention of high value 
wildlife trees. The treatments should be undertaken with the medium- to long-term objective of 
reintroducing low intensity fire into the area, and burning these sites on a regular basis. Repeated 
periodic controlled burns will ensure that the risk of large high intensity burns in this zone is kept to a 
minimum. 

Managing Rare Species and Habitat Elements 
The strategic framework recommended for management of six FMZs will not protect all rare 
occurrences or habitat elements vulnerable to fire at the fine filter scale. Many of the occurrences and 
habitat elements occur within the four FMZs for which a Defend action is recommended. If this is 
successfully implemented, then the occurrences and elements would potentially benefit by virtue of 
their location and the enhanced effort placed on defending these zones.  However, there are a few that 
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are outside the Defend zones, and a more pro-active strategy is recommended to prepare for expected 
impacts associated with increased fire frequency and severity. 

In the case of rare plant occurrences on the Darkwoods property, this approach could involve the 
following: 

• Regularly update inventory and mapping of any federally or provincially listed plant occurrences 
on the property (including but not limited to the four species listed in Table 1), as they are 
reported by staff, contractors, Ministry personnel, etc. 

• For each rare plant species, summarize its vulnerability to fire, its macro- and micro-habitat, 
phenology, pollination mechanisms, seed production mode, seed dispersal mechanisms, 
capacity for vegetative reproduction (either naturally or through manipulation), type of seed 
(orthodox or recalcitrant), storage techniques for seed or vegetative material, techniques for 
germination and/or for maintaining plants in a nursery, and any other information relevant to 
reproduction and propagation.  

• Also evaluate the known distribution (are occurrences dispersed, clumped, isolated?) for each 
species and determine whether the species is adequately “spread” out on and near the property 
to reduce overall risk to the localized population. Finally, consider mapped FMZs discussed in 
Table 1 and whether a successful Defend strategy would encompass the bulk of known 
occurrences. 

• For potential management follow-up, prioritise species with high vulnerability to fire, potential 
for propagation, isolated distribution, as well as occurrences outside defended zones. Only for 
priority species and/or occurrences, consider the feasibility of propagation (naturally or through 
manipulation) to effectively increase the local population size and distribution, and to reduce 
the risk of isolated populations being permanently lost to future fires.  

• Document steps and outcomes of this approach, to promote adaptive learning over time. 
• It is our understanding that such a process is underway for whitebark pine, an endangered 

species with occurrences confined mainly to small patches in the ESSFdmw (Cronin et al. 2010). 
Both of the mapped patches on Darkwoods property are nested within ESSF Old Forest, for 
which a Defend strategy is recommended (see Figure B in Appendix 1).  

Refining the Fire Management Zones 
This analysis work was undertaken using available broad-scale data provided at the beginning of the 
project. As work continues within Darkwoods, it may be relevant to fine-tune the location of the 
different zones identified. For example, a hydro-riparian zone was identified based on fish stream 
locations, and using a 200 m buffer either side of the creek in order to identify our zone for protection. 
However, additional data may be available from existing or future studies that allow the hydro-riparian 
zone to be identified at a more fine grained scale (see Figure A in Appendix 1 from Gao et al. 2010 for 
example). For use in fire management, the zones necessarily have to be relatively broad, but it may be 
appropriate to refine their boundaries in future, if more detailed information becomes available in GIS. 
The potential to prevent or mitigate fire impacts to unique habitat features (such as riparian areas, 
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cottonwood bottomlands, wetlands, floodplains, etc.) is to some extent addressed by a Defend strategy 
focused on hydro-riparian ecosystems as a whole. Notably, the vast majority of verified wetlands on the 
property are also nested within one of the four FMZs recommended for a “defend” strategy (compare 
wetlands in Figure A of Appendix 1 with Figure 11). 

In terms of rare plant communities, the Darkwoods property supports communities with a high diversity 
and abundance of herbaceous species at high elevation sites in various ESSF subzones (dm, dmp, dmw, 
wc5, wc6, wcp, and wcw; see Figure B in Appendix 1 in Cronin et al. 2010). These herb-dominated 
communities are typically associated within submesic, mesic and “balsam fir – false azalea – beargrass” 
site series polygons (Cronin et al. 2010) and their vulnerability to severe fire merits further evaluation. 
Apparently, some of these high elevation herb-dominated communities may be listed by the CDC upon 
further classification and ranking (D. MacKillop, pers. comm.). 

Recommendation: Further GIS work is recommended to determine how high elevation herb-dominated 
community sites overlap with the proposed FMZs, and if any boundary adjustments might help achieve 
greater protection for key sites (we did not have access to this information in GIS format).  

 

Giant size trees (>75 cm dbh) have been recorded on at least 29 sample sites on Darkwoods property 
and most occurrences have been found associated with the ICHmw4 and ESSFwc5 subzones (Cronin et 
al. 2010). The vast majority of the ICHmw4 coincides with the hydro-riparian FMZ, and the ESSFwc5 is 
for the most part nested within Old Forest FMZs recommended for a Defend strategy (with the 
exception of patches north of lower Seeman Creek; see Figure B in Appendix 1).  It is therefore assumed 
that many giant size tree occurrences would overlap with FMZs already slated for a Defend strategy, but 
this should be verified via GIS. Similarly, veteran alpine larch have been recorded in at least four high 
elevation units (ESSFdm, ESSFdmw, ESSFdmp, ESSFwcw; Cronin et al. 2010), but the overlap of actual 
occurrences with high priority Defend FMZs should be verified via GIS.  

Recommendation: Further GIS work is recommended to determine (a) the degree of overlap between 
giant size tree (and veteran larch) occurrences and high priority Defend FMZs, and (b) whether any 
boundary adjustments are warranted to protect these unique features. 

 

Portions of the Darkwoods property (and especially the previously unroaded and unmanaged patches) 
support high densities of wildlife trees. Management in all FMZs should strive to retain representative 
patches of high value wildlife trees across the landscape as anchor points for dependent breeding, 
roosting, and foraging tree users, seed sources for regenerating stands, stopovers for migrants, and 
future sources of coarse woody debris and nurse logs. Prior to implementing fuel hazard reduction 
treatments to improve resilience in the Face Unit FMZ, pre-treatment surveys during the breeding 
season are recommended. The latter will help identify the most valuable wildlife tree patches, individual 
trees and shrub thickets currently being used for retention (see methods in Machmer and Dulisse 2012). 
In conjunction with this approach, it is imperative that wildlife trees be evaluated and subsequently 
managed according to a “modified work procedure” (i.e., a variance). This variance would be a one-time 
prescribed adaptation to WorksafeBC standard protocols, developed specifically for the conservation 
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objectives of this treatment. It would permit workers to safely work around most wildlife trees in their 
current state for a brief time period, and limit tree removal to the most decayed trees likely to become 
imminent fuel. Clearly, additional site-specific information on the breeding territories, den/nest/roost 
locations of listed species would be needed in order to potentially consider these valuable habitat 
features in a strategic fire risk mitigation plan.  Even with such location information, only a portion of 
the rare species listed in Table 1 show high site fidelity to breeding sites or territories between years, 
and they would be expected to shift in response to fire. For the most part, it is assumed that individual 
adults are capable of moving away in direct response to fire (although this may not be the case for their 
dependent young; Smith 2000). In response to a sudden fire event, options to pro-actively protect high 
value breeding sites outside of FMZs with a recommended Defend strategy are limited.  However, in the 
case of planned fuel reduction treatments, undertaking pre-treatment wildlife surveys during the 
breeding season (to delineate for retention the highest value patches and individual trees used by listed 
and other wildlife) is both an efficient and cost-effective approach to stand-level biodiversity 
conservation. Sparsely vegetated rocks, cliffs and talus are enduring features capable of surviving fire 
and well-represented on the property (see Figure B in Appendix 1), hence they are not further 
considered here.  

Recommendation: To mitigate impacts on biodiversity and SAR, conduct pre-treatment wildlife surveys 
during the breeding season (in the Face unit for example, or in other areas requiring fuel reduction 
treatment) to delineate retention of the highest value patches and individual trees used by listed and 
other wildlife. Integrate assessment findings into the development of an overall fuel reduction 
treatment prescription. 

Conclusion of Priorities 
This report provides Darkwoods with strategic direction to manage for long term resilience in relation to 
a range of climate projections. Based on detailed assessment of Conservation Targets and their 
vulnerability to different types of fire regimes, combined with future climate projections, we zone 
Darkwoods into management zones, and identify a management strategy for each zone.  Fire 
management zones have to be relatively coarse in scale, and there remains significant variability within 
some of the zones in terms of future actions. For each zone identified, it is necessary to understand both 
the ”between” and “within” priorities. In Table 2, we identify a priority sequence for fire suppression 
activities between zones. 

The Face Units are identified as a high priority for Adaptation treatment, to promote their own 
resilience, and to reduce the risk of fire spreading from this hot dry low elevation zone to higher 
elevations. All climate scenarios suggest that low elevations will become significantly hotter and drier, 
and represent an increasing threat to upslope values over time. Therefore, as much of this Face Unit 
zone should be treated as soon as it is feasible. Within this zone, higher priority areas for starting 
treatment should be determined using the stand and landscape level assessments outlined above. In the 
interim, before treatments are carried out, this zone also requries fire suppression activity, with a 
priority on areas a) that are likely to be good candidates for transition to an NDT4 type forest, and b) 
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where the area abuts other DEFEND zones. The long-term goal in this zone is to create an ecosystem 
that can withstand, and is subjected to frequent low severity fires which should pose less threat to or 
enhance the stand level values.  

Table 2. Priority sequence for fire suppression activities between zones 
 

This priority sequence reflects our understanding of the regional importance of each of these 
Conservation Targets. In practise, where multiple fires are active simultaneously and priority decisions 
need to be made amongst zones, we would recommend giving highest priority to those areas that form 
part of a larger patch of forest, or are likely to pose a risk to other high value areas with a DEFEND 
strategy. Operational level analysis may also be able to further fine tune higher priority areas within 
zones.  

The Face Units are identified as a high priority for Adaptation treatment, to promote their own 
resilience, and to reduce the risk of fire spreading from this hot dry low elevation zone to higher 
elevations. All climate scenarios suggest that low elevations will become significantly hotter and drier, 
and represent an increasing threat to upslope values over time. Therefore, as much of this Face Unit 
zone should be treated as soon as it is feasible. Within this zone, higher priority areas for starting 
treatment should be determined using the stand and landscape level assessments outlined above. In the 
interim, before treatments are carried out, this zone also requries fire suppression activity, with a 
priority on areas a) that are likely to be good candidates for transition to an NDT4 type forest, and b) 
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where the area abuts other DEFEND zones. The long-term goal in this zone is to create an ecosystem 
that can withstand, and is subjected to frequent low severity fires which should pose less threat to or 
enhance the stand level values.  

The Residual Matrix areas are identified as being appropriate for a strategy of “Monitor Response”, 
thereby allowing these to respond naturally to future climates. This is a pragmatic strategy resulting 
from (a) the need to prioritize fire management actions in areas with denser Conservation Targets, and 
(b) the disparate climate futures predicted in these mid elevation areas, which make it more difficult to 
clearly state a future direction for this zone (unlike the Face Units). Monitoring of climate effects should 
be continued in this Residual Matrix, and where trends are observed, active Adapt strategies may also 
be appropriate. In addition, where these zones abut high priority Defend zones, localized areas may be 
appropriate for a Defend strategy at a finer scale than identified at this strategic level.  
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Appendix 1 

Figure A.  Verified hydro-riparian areas on Darkwoods property (from Gao et al. 2010). 
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Figure B. Sensitive ecosystems features on Darkwoods property (from Cronin et al. 2010). 


