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Executive Summary 
 
This document provides a starting point for the inclusion of landscape and wildlife 
parameters into the LLEMS modelling framework.  As a starting point, more work is 
desirable to refine the ideas and concepts presented here.  The report is broken into the 
following broad topics: (1) landscape pattern indices, (2) generic landscape indices, (3) 
habitat suitability indices, and (4) coarse-filter biodiversity indices. 
 
Landscape pattern indices:  landscape pattern indices are abundantly available and 
commonly used to quantify landscape spatial pattern.  A focus on forest fragmentation 
would be prudent for the LLEMS model.  As such, I recommend, three simple indices 
that are tangibly linked to our understanding of fragmentation, feasibly calculated within 
the LLEMS model, and intuitively understood: (1) habitat amount, (2) mean patch size, 
and (3) inter-patch distance.  These patch-based indices can be calculated for any target 
patch type, but can be initially calibrated for target species such as caribou and moose, or 
for important vegetation types such as old growth forest. 
 
Generic landscape indices:  from a conservation and landscape spatial perspective, 
forest management activities can be thought of as primarily doing three things: (1) 
replacing original habitat with early seral habitat, (2) creating edge, and (3) creating 
roads.  These three parameters are feasibly modelled and monitored, and have large 
implications to a wide variety of species and issues.  I therefore recommend the 
incorporation of three corresponding landscape indices as generic indicators of forest 
management effects through time:  (1) amount of early seral in the landscape, (2) amount 
of induced edge, and (3) road density (active versus inactive). 
 
Habitat suitability indices:  habitat suitability indices can be created for any target 
species.  To start, a focus on mountain caribou is the task at hand.  Mountain caribou 
have been the subject of huge efforts across British Columbia in recent years.  In 
particular, the Mountain Caribou Science Team (MCST), a provincial-level task force, 
has developed large complex habitat suitability models for caribou.  In consultation with 
Scott McNay, simplified models based on the MCST models were created for 
incorporation into the LLEMS model framework.  The early and late winter caribou 
models are based on seven and six input variables, respectively, derived from a variety of 
forest cover and terrain data.  A further group of non-caribou ungulate models (moose, 
deer, elk) were also created for incorporation into the LLEMS framework to address 
issues surrounding alternative prey dynamics affecting caribou populations.   
 
Coarse-filter biodiversity indices:  a cornerstone of biodiversity and ecosystem 
management is the implementation of coarse-filter objectives and strategies across 
managed landscapes.  Consistent with the approach, objectives and targets are based on 
natural disturbance regimes.  In the case of the Gavin Lake and Black Bear Creek study 
areas, fire patterns are the dominant disturbance.  Fire pattern research within the SBSdw 
(Gavin Lake) and ESSFwc (Black Bear Creek) has been performed and provides a solid 
basis for tracking and monitoring forest patterns through time within the LLEMS model.  
From this work, I recommend three parameters can be feasibly incorporated into the 



LLEMS model: (1) disturbance rate, (2) patch size distribution, and (3) amounts of old 
forest. 
 
Future refinements:  work of this nature can and should continue to refine landscape 
and wildlife objectives.  Specifically, two items are immediately apparent: (1) 
determining edge effects in relation to variable retention prescriptions.  Since partial 
cutting and variable retention harvesting is a key component of the LLEMS model, more 
work is required to determine and model edge effects from the wide spectrum of retention 
strategies.  (2) in-block retention patterns based on natural disturbance.  Here again, since 
variable retention is a key component of the LLEMS model, determining targets and 
baselines for retention amounts and patterns represents a large and likely desirable topic 
for future work. 
 
 
 
 
 
 
 



1.0 Landscape Pattern Indices – a focus on forest fragmentation 
 

1.1 What is forest fragmentation? 
 
Forest fragmentation, or more generically habitat fragmentation (hereafter referred 
to simply as fragmentation), is considered by many to be one of the biggest global 
threats to biodiversity and the conservation of species worldwide (Wade et al. 
2003).  Despite its high profile in the conservation literature however, there 
continues to be large debate about what exactly fragmentation is, what the effects 
are, and how we should measure it (e.g., Bissonette and Storch 2002, Bogaert 2003). 
 
Definitions of fragmentation are plentiful – almost as numerous as the number of 
published papers on the topic.  Because of its early theoretical roots within the 
Theory of Island Biogeography (MacArthur and Wilson 1967; see D’Eon 2002 for 
review), focussing on a definition of fragmentation centred on the pivotal idea 
contained in MacArthur and Wilson’s theory is prudent.  The central concept behind 
the theory is that islands will contain fewer species and more prone to local 
extinctions – ultimately resulting in lower levels of biodiversity – as they become: 
(1) smaller, and (2) farther apart.  The continental extension of this theory therefore 
applies to isolated habitat patches that may have similar ecological properties as 
MacArthur and Wilson’s oceanic islands.  By embracing this notion, a useful 
definition of habitat fragmentation therefore is: the process of changing the habitat 
mosaic within a landscape where patches of habitat become smaller and farther 
apart.   
 
Applying this definition in the context of forest management, it becomes apparent 
that one cannot make patches of forest habitat smaller and farther apart without an 
associated habitat loss.  Indeed, any forest management process that reduces patch 
sizes and increases the distance between patches will inherently involve habitat 
removal (e.g., harvesting and road building).  As a result, fragmentation in a 
practical sense typically involves three components as outlined by Andrén (1994): 
 

1. loss of original habitat 
2. reduction in patch size 
3. increasing isolation of patches 

 
Identifying and distinguishing between these three components continues to be at 
the heart of fragmentation research (e.g., Fahrig 1997, Villard et al. 1999, Trzcinski 
et al. 1999, McAlpine and Eyre 2002, D’Eon and Glenn 2005). 

 
1.2 How do we measure it? 
 
There are literally hundreds, if not thousands, of landscape pattern indices (LPIs) or 
metrics that have been created, used, and advocated for measuring landscape spatial 
pattern (Gustafson 1998).  Unfortunately, many LPIs are generated and used simply 
because it is easy to do so, and are often simply part of a pre-packaged computer 



program (e.g., Fragstats [McGarigal and Marks 1995]).  The relationships between 
many landscape indices and tangible ecological phenomena are often poorly 
understood, and most have the potential for inconsistent and ambiguous statistical 
relationships with response variables (Tischendorf 2001).  It is therefore of 
paramount importance to use caution and intelligent interpretation in the application 
of landscape indices. 
 
Despite a large focus on LPIs in the literature, and attempts at creating a single 
fragmentation measure (e.g., Bogaert et al. 2000), a single overall measure or index 
of fragmentation remains elusive.  Rather, there is general consensus that the best 
approach to measuring and monitoring fragmentation is through the use of a suite of 
indices targeting various quantifiable aspects of fragmentation, followed by careful 
interpretation (Davidson 1998, Hargis et al. 1998, Bogaert 2003).  Here again 
however, the trap of calculating numerous ambiguous indices simply because it is 
feasible to do so, must be avoided.  I strongly suggest a set of indices that are: (1) 
tangibly linked to our understanding of fragmentation, (2) feasibly calculated within 
the LLEMS model, and (3) intuitively understood.   
 
Considering these points, the fragmentation framework previously described 
becomes very useful.  In this context, forest management results in tangible and 
quantifiable landscape changes in relation to (1) habitat loss, (2) reduced patch 
sizes, and (3) increasing patch isolation.  These three components are easily 
measured and monitored within a landscape using three simple landscape indices: 
(1) habitat amount, usually expressed as a proportion (%) of the total landscape 
area, (2) mean patch size expressed in hectares, and (3) mean inter-patch distance 
expressed in metres and measured as the average edge to edge distance between all 
pairs of target patches in a landscape.  In the latter, an assumption is made that 
distance between patches is the primary factor governing patch isolation – an 
assumption with empirical support (Goodwin and Fahrig 2002). 
 
To sum, I recommend the following three indices (each based on target species or 
habitat; see next section) provide a starting point to addressing landscape spatial 
patterns in relation to fragmentation in the LLEMS model: 
 

1. habitat amount 
2. mean patch size 
3. mean inter-patch distance 

 
 
1.3 Interpretation – a species-specific approach 

 
On of the most important aspects of calculating and interpreting landscape indices, 
particularly patch-based indices as those described above, is taking a species-
specific or community-based approach.  A landscape that might be considered 
fragmented for one species, may not be for another, and vice-versa.  Generic (no 
target species) measures of fragmentation ignore species-specific responses to 



landscape structure, and are less tangible.  Therefore, measures of fragmentation 
should be related to specific species or groups of species with similar habitat 
affinities whenever possible. 
 
To make patch-based indices relevant to species, patches of target habitat must be 
identified based on preferred habitat and other criteria.  Once identified, patch-
based indices can then be calculated and directly linked to target species.  As such, 
the LLEMS model can be calibrated for any species or group of species by 
identifying target patches based on preferred habitat of the target species. 
 
As a starting point, I recommend four target patch definitions based on the 
following (see section 3.0 for discussion of identifying caribou and moose habitat): 
 

1. mountain caribou habitat – early winter 
2. mountain caribou habitat – late winter 
3. moose habitat 
4. old growth forest – based on age criteria and/or structural 

characteristics, e.g., BC MoF (1995). 
 

2.0 Generic landscape indices – indicators of forest 
management levels related to fragmentation 

 
While patch-based indices based on habitat affinities of target species get to the 
heart of fragmentation and its affects on organisms, generic landscape indices 
reflecting overall forest management activities can also be useful in monitoring 
overall trends.  From a conservation and landscape spatial pattern perspective, 
forest management can be thought of as primarily doing three things: (1) replaces 
original habitat with early seral habitat, (2) creates edge habitat (also referred to as 
“induced edge”), and (3) creates. 
 
Age class distribution management has been at the heart of a coarse-filter approach 
to biodiversity conservation in managed forests for decades (e.g., Hunter 1990).  
While target amounts of habitat within each age class strata are debatable and can 
vary widely (e.g., BC MoF 1995), it is generally recognized that amounts of 
induced early seral (i.e., those created by forest harvesting) should be managed 
below target thresholds.  For example, the amount of early seral habitat has recently 
been demonstrated to be the number one variable explaining adult female mountain 
caribou survival (Wittmer et al. 2007). 
 
As well, it is generally agreed upon that an increase in induced edge – and 
conversely a reduction in patch interior habitat – is a major consequence of 
fragmentation and is vital to any discussions of fragmentation effects (Harper et al. 
2005).  The amount of induced edge habitat is calculated by defining a distance 
extending from a harvest patch perimeter in both directions (inside and outside the 
patch) that defines the amount of habitat assumed to be under the influence of the 
patch edge.  In a spatially explicit computer model such as LLEMS this would be 



the equivalent of a buffer along all patch perimeters with the patch perimeter at the 
centre of the buffer.  Buffer distance can vary depending on the situation and 
context (e.g., species, ecosystem, target effects; Harper et al. 2005).  However, an 
assumed edge effect of 50 m from a patch perimeter has been used in previous 
research of this nature (e.g., McGargial and McComb 1995; D’Eon and Glenn 
2005) and has been suggested to be a good approximation of edge effects in 
western North American forests (Kremsater and Bunnell 1999). 
 
An interesting aspect of modeling edge in the LLEMS model will be defining edge 
effects in partially harvested stands (variable retention harvesting) – a major 
component of the LLEMS model.  Most work on spatial patterns in relation to edge, 
typically assumes edges are “hard” and a result of clear cutting.  In the case of 
variable retention harvesting however, edge effects could conceivably vary 
depending on retention patterns.  These and other aspects of edge will have to be 
determined based on the modeled prescriptions, and represent and new and exciting 
aspect to modeling edge effects in relation to forest management. 
  
Finally, roads have been implicated as a major contributor to fragmentation effects 
in managed landscapes (Reed et al. 1996, Tinker et al. 2002).  While roads may or 
may not be an element of fragmentation in every case (i.e., species-specific and 
context-specific), logging roads are a major component of forest management 
activity and provide a meaningful index of forest management activity in a 
landscape.  For example, advocates of large cutblocks often cite lower road 
densities as a major positive consequence (and conversely, higher road densities as 
a negative consequence of partial cutting; e.g., Delong 2002a, D’Eon 2007).  As 
well, logging roads have been linked to disturbance effects, such as those 
experienced by grizzly bears (McLellan and Shackleton 1989).  Tracking of active 
versus inactive roads is therefore very important and addresses issues related to 
human disturbance effects from forest management. 

 
To sum, the following three generic landscape indices – three indices commonly 
recommended for monitoring forest management effects on spatial pattern effects 
(e.g., Kremsater et al. 2003, D’Eon et al. 2004) – can form the basis of quantifying 
forest management trends related to fragmentation within the LLEMS model: 
 

1. amount of induced early seral 
2. amount of induced edge 
3. road density (active and inactive) 

 
3.0 Habitat Suitability Indices 
 

3.1 Mountain Caribou 
 
One of the target species for incorporation into the LLEMS modelling framework is 
the mountain caribou, an ecotype of the woodland caribou (Rangifer tarandus 
caribou) that inhabit the mountainous interior wet belt of southeastern and east-



central British Columbia.  The mountain caribou is a red-listed species (endangered 
or threatened) in British Columbia and therefore of great public and management 
concern.  As a result, much work has been performed at the provincial level 
towards management and conservation of the species.  Work of this nature includes 
efforts by the Mountain Caribou Science Team (MCST) to develop a mountain 
caribou habitat supply model in support of recovery-related decisions.  In order to 
integrate provincial efforts with the LLEMS project, it was prudent to investigate 
the work performed by the MCST and integrate this work into the LLEMS 
framework, rather than create entirely new information.   
 
To this end, work performed by McNay (McNay 2006, McNay et al. 2006) was 
consulted for integration into the LLEMS framework.  The MCST models are 
provincial-level models incorporating a large number (20+) of input variables, and 
use a Bayesian belief network approach (Marcot et al. 2006, McCann et al. 2006) to 
model seasonal caribou and other ungulate ranges across British Columbia.  As a 
result, many of the input variables within the MCST are designed to capture 
provincial-level variables such as known caribou range, human-disturbance and 
industry levels (AKA “alpha-level” inputs) to select areas within the province 
predicted to provide caribou habitat.  Since this scale of modelling is redundant to 
the LLEMS project (i.e., the specific area is known), many of the initial MCST 
variables were redundant.  In response to this, McNay (2007) refined the original 
MCST model specific to the LLEMS project areas (Gavin Lake and Black Bear 
Creek), using a series of sensitivity analyses to provide a model specifically for 
incorporation into the LLEMS project, using a smaller number of key input 
variables.  Doing so makes the models feasibly incorporated into the LLEMS model 
framework. 
 
3.1.1 Early winter caribou model 
 
The early winter caribou model created by McNay (2007), and derived from the 
original MCST model, consists of the following seven input variables (layers): 
 
1. Forest Age Effects (FAE) - a factor indicating forest permeability (ease of 

animal movement), snow interception potential, and abundance of bryoria 
lichen.  Age of forest stands is stratified in to 5 states (yrs): < 30, 30-80, 81-140, 
141-250, >250. 

 
2. Moisture Regime (MR) – a factor indicating the abundance of palatable shrubs, 

terrestrial lichens, and potential for sites to be blown free of snow.  MR is 
stratified into 5 states: very xeric to sub-xeric, sub-mesic, mesic, sub-hygric, 
and hygric to sub-hydric.  The MR layer is a function of digital elevation 
modelling described by McNay (2006), and will be provided for use in the 
LLEMS project. 

 
3. Macro-Climate Snowfall (MCSF) – a factor indicating the relative amount of 

snowfall expected in the region, based on biogeoclimatic subzones, and 



stratified into 5 states as described by McNay (2007):  very shallow, shallow, 
moderate, deep, and very deep. 

 
4. Macro-Climate Shrubs (MCS) – a factor indicating the abundance of palatable 

shrubs and terrestrial lichen, based on biogeoclimatic subzones, and stratified 
into 10 states as described by McNay (2007): ICHx; ICHd; ICHm; ICHw,v, 
ESSFdm; ESSFdk; ESSFwm; MSdk; AT or ATp; SBS, other ESSF, other ICH; 
other. 

 
5. Tree Species Group – Forage (TSG) – a factor indicating relative ability of 

different tree species to accumulate arboreal forage lichens, based on forest 
cover data (tree species composition), and stratified into 4 states as described by 
McNay (2007):  poor, moderate, good, very good. 

 
6. Landcover Permeability (LCP) – a factor indicating relative ease of movement 

for caribou, based on baseline thematic mapping, and stratified into 3 states as 
described by McNay (2007): permeable non-forest, forest, and impermeable 
non-forest.   

 
7. Terrain Steepness (TS) – a factor indicating the effect slope gradient has on 

caribou movement costs, based on slope gradients from a digital elevation 
model, and stratified into 3 states (%): < 40, 40-80, > 80. 

 
3.1.2 Late winter caribou model 
 
The early winter caribou model created by McNay (2007), and derived from the 
original MCST model, consists of the following six input variables (layers): 
 
1. Forest Age Effects (FAE) – see description in “early winter caribou” model. 
 
2. Stand Ventilation (SV) – a factor indicating the degree to which aeration within 

a forest stand can support proliferation of arboreal lichens by promoting a 
wetting/drying cycle and dispersal of lichen fragments; based on canopy 
closure; and stratified into 5 states (%), as described by McNay (2007): < 35, 
35-55, > 55. 

 
3. Macro-climate Arboreal Lichens (MCAL) – a factor indicating the abundance 

of arboreal forage lichens, based on biogeoclimatic subzones, and stratified into 
2 states as described by McNay (2007):  ESSF/At, and other. 

 
4. Tree Species Group – Forage (TSG) – see description in “early winter caribou” 

model 
 

5. Landcover Permeability (LCP) – see description in “early winter caribou” 
model 

 



6. Terrain Steepness (TS) – see description in “early winter caribou” model 
 

 
3.2 Non-caribou ungulate model: moose, elk, white-tailed 

deer, mule deer 
 
Predation is a major factor governing mountain caribou populations, and currently 
considered the proximate limiting factor across most of their range (Wittmer 2007).  
It is believed that mountain caribou were historically widely dispersed and existed 
at low densities as an anti-predator technique, which limits the availability of prey 
(caribou) to predators (primarily wolves) and thereby limits a predator’s ability to 
sustain high population densities, thus in turn permitting prey (caribou) populations 
to sustain themselves (Bergerud et al. 1984).  However, recent shifts in forest 
structures as a result of forest management – primarily the creation of early seral 
habitat and linear corridors (e.g., roads) – is thought to contribute to the decline of 
caribou populations by enhancing habitat for alternative prey species such as 
moose, that in turn support higher predator densities, ultimately resulting in higher 
predation rates on caribou (Seip 1992, Wittmer 2007).   
 
As a result of this importance of alternative prey species to caribou populations, 
work on mountain caribou has simultaneously focussed on other prey species such 
as deer, elk, and moose.  For this reason, the MCST has developed non-caribou 
ungulate models in association with their work on caribou.  Modelling alternative 
prey species within the LLEMS project may therefore be an important 
consideration.  In particular, moose are considered a primary alternative prey 
species in the study area and could be an important factor in assessing forest 
management effects on caribou (i.e., what is good for moose, is bad for caribou). 
 
The non-caribou ungulate model created by McNay (2007), and derived from the 
original MCST model, consists of the following eight input variables (layers): 
 
1. Forest Age Effects (FAE) – see description in “early winter caribou” model. 
 
2. Macro-Climate Snowfall (MCSF) – see description in “early winter caribou” 

model 
 

3. Ice and Bare Sites (IBS) – a factor indicating the relative lack of vegetation, 
based on Baseline Thematic Mapping, and stratified into 2 states described by 
McNay (2007) as: veg and non-veg. 

 
4. Ungulate Species (US) – a user-defined input for the selection of non-caribou 

ungulate species: moose, elk, white-tailed deer, and mule deer. 
 

5. Landcover Permeability (LCP) – see description in “early winter caribou” 
model. 

 



6. Distance to Cover (DTC) – a factor indicating the relative accessibility of 
thermal and security cover; determined by buffering cover (seral stages greater 
than 20 years old) with successive 100m intervals, and stratified into 3 states 
(m) as described by McNay (2007): 0, 1 – 100, 101 – 400. 

 
7. Terrain Steepness (TS) – see description in “early winter caribou” model. 

 
8. Hunting Regulations (HR) – a user-defined input for incorporating the influence 

of managing non-caribou ungulate populations through increased hunting 
pressure.  There are three states:  standard = status quo and assumes no 
reduction in numbers; special = additive hunting resulting in  

 
 

3.3 Implementing the models 
 

To implement the models, all input layers are created and applied to the LLEMS 
study area, where each pixel within the area has a value corresponding to each layer 
(see McNay 2007 for details).  All possible combinations of states for all layers are 
created in a conditional probability table specific to the species and season 
(attached), where the conditions specific to each pixel within the study area can be 
found in the table.  The final output (predicted carrying capacity in #s/1000kms) for 
each pixel is calculated by a weighted average of the associated probabilities for 
each carrying capacity class.  The weighted average is calculated by the sum of 
each probability multiplied by the mid-point of the carrying capacity class (Table 
1). 
 
In the case of modelling specific non-caribou ungulate species (i.e., moose, elk, 
white-tailed deer, mule deer), the “US” column in the conditional probability table 
for non-caribou ungulates provides the opportunity to select individual species.  
This can either be scripted into the LLEMS model, or separate conditional 
probability tables specific to target species can be created. 
 
 



Table 1.  Carrying capacity class midpoints for use in calculating the final carrying 
capacity per pixel in the caribou and non-caribou models. 

Model State Range Midpoint* 
Caribou (either model) Gt_200 300 
 Btwn_100 to 200 150 
 Btwn_50 to 100 75 
 Btwn_25 to 50 37.5 
 Btwn_12 to 25 18.75 
 Lt_12 6.25 
 0 0 
Non-caribou ungulates Gt_50 60000 
 Btwn_25_to_50 37500 
 Btwn_16_to_25 20500 
 Btwn_12_to_16 14000 
 Btwn_8_to_12 10000 
 Btwn_6_to_8 7000 
 Btwn_4_to_6 5000 
 Btwn_3_to_4 3500 
 Btwn_2_to_3 2500 
 Lt_2 1000 
 0 0 

*carrying capacity classes in the non-caribou model are in 1000s of animals/1000km2. 
 

 
4.0 Coarse-filter biodiversity indices 
 
 4.1 The coarse-filter approach 
 

Coarse-filter management approaches have become the cornerstone of 
conservation and ecosystem management in recent decades (e.g., Hunter 1990, 
Haufler et al. 1996, D’Eon et al. 2000, Kimmins 2003).  A coarse-filter approach 
involves general forest management objectives applied across a landscape with 
the goal of maintaining the vast majority of species in a landscape.  The general 
concept behind the coarse-filter approach is that by maintaining the spectrum of 
representative ecosystems, habitat types, and stand-level elements present in a 
landscape, there is a higher likelihood of maintaining the spectrum of species 
present in a landscape, than doing otherwise.  Coarse-filter prescriptions can 
include a variety of forest elements, but arguably the most common and effective 
coarse-filter objectives are to maintain a desirable age and patch size distribution 
within managed forests (Hunter 1990) based on an approximation of natural 
disturbance patterns and rates.  The basis for doing so is that a forest resembling 
one resulting from natural disturbance will be more likely to maintain its inherent 



complement and abundance of species, and provides an ecological basis for 
coarse-filter targets. 
 
4.2 Coarse-filter targets within the SBSdw and ESSFwc 
 
The Gavin Lake and Black Bear Creek study areas are within the SBSdw and 
ESSFwc biogeoclimatic subzone variants, respectively.  Wildfire is the 
predominant natural disturbance agent governing large-scale spatial patterns 
within SBS and ESSF forests.  Therefore, coarse-filter targets pertaining to age 
class and patch size distributions in managed forests should look towards 
naturally occurring fire patterns in these zones.  Meidinger and Pojar (1991) 
recognize 15 subzones in the ESSF zone (Delong and Meidinger [2003] recognize 
17) and 10 zones in the SBS.  Subzones and variants in the ESSF and SBS range 
from dry and hot sites at one end of the spectrum to wet and cold at the other end 
of the spectrum.  Given this large variability, it follows that wide variability in fire 
patterns within the SBS and ESSF zone will be observed.  Indeed, Wong et al. 
(2003) cite fire return intervals within the ESSF varying from 32 to 794 yrs, and 
fire sizes ranging from 87 to >1,000 ha.  This is no doubt due to the huge 
ecological variability among zones.  Therefore, coarse-filter targets based on 
natural fire regimes must be based on empirical data from sites similar to those 
within the LLEMS study area, specifically the SBSdw and ESSFwc subzones. 
 
Fortunately, on one hand, a substantial amount of natural disturbance research has 
been conducted within these zones and subzones (particularly the SBS) by Delong 
(1998, 2005), and others (Andison 1996, Delong and Tanner 1996, Hawkes et al. 
1997, Delong and Kessler 2000, Francis et al. 2002, Delong and Meidinger 2003). 
However, on the other hand, direct use of this research must be performed with 
caution since much of it is study-area-specific and rife with caveats that are 
subject to interpretation.  The information provided below is a selection of those 
data that appear to be most directly applicable to the LLEMS modelling project 
within the SBSdw and ESSFwc. 
 
Most researchers have focussed on two primary natural disturbance parameters: 
(1) disturbance rate (the amount of forest burned annually), and (2) patch size 
(fire size), presumably because these two parameters relate directly to two forest 
management parameters of great interest to managers wishing to emulate natural 
disturbance: harvest rate and block size.  A third parameter, age class distribution, 
is more elusive and has been studied less, but has obvious implications to harvest 
rates.  Delong (2005), provides estimated amounts of old forest within similar 
ecosystems as those within the LLEMS study area.  Age class distribution is of 
interest to managers who are interested in maintaining seral amounts across the 
landscape that approximate forests occurring under a natural disturbance regime – 
in particular, the amount of old forests (i.e., how much old forest to retain as a 
conservation target). 
 



4.2.1 SBSdw 
 
Delong (1998) investigated natural disturbance rates and patch sizes in a variety 
of SBS subzones, including the dry warm Blackwater variant (SBSdw3).  Using 
only age class 3 (41-60 yrs) and 4 (61-80 yrs) stands to avoid potential effects of 
fire suppression and harvesting, he calculated the following disturbance rates in 
the SBSdw3 (Table 1). Delong (1998) suggested the time period 1911-30 is most 
representative since it is before the inception of broad-scale fire suppression. 
 

 Table 1.  Natural disturbance rate calculated by Delong (1998) in the SBSdw3 

Time period Disturbance rate (%/yr) Equivalent fire cycle (yrs)* 

1911-30 0.75 133 

1931-50 0.36 278 

1911-50 0.55 182 
*fire cycle = 1/(disturbance rate/100) 
 
Delong (1998) also calculated patch size distributions by considering patches of 
forests in 20-yr increments, again considering only age class 3 and 4 stands (Table 
2). 
 
 

Table 2.  Patch size distribution calculated by Delong (1998) within the SBSdw3 

Patch size (ha) Proportion of total area 

< 10  2.5 

10 – 100 13 

101 – 1,000 29 

1,001 – 10,000 55.5 

> 10,000 0 
 
Delong (2005) also provides estimates of natural range of variability for natural 
disturbance parameters within several natural disturbance subunits within the 
Prince George Forest Region (Delong 2002b), that were used to derive landscape 
level biodiversity targets (MSRM 2004).  From Delong’s (2005) data, the natural 
disturbance unit corresponding mainly to the SBSdw subzone variants (Moist 
interior – plateau) is estimated to have the following patch size distribution (Table 
3). 
 
 



Table 3.  Patch size distribution estimated by Delong (2005) for the Moist Interior 
– Plateau natural disturbance subunit (corresponding to SBSdw variants). 

Patch size (ha) Proportion of total area 

< 50  5 

51 – 100 5 

101 – 1,000 20 

> 1,000 70 
 
 
Delong (2005) also provides estimates of the range of variability of amounts (% 
of total forest) of old forests.  Within the Moist Interior – Plateau subunit, 
corresponding to SBSdw variants, estimated amounts of forest > 140 yrs are 
between 17 and 33%.  Final targets for management purposes were 12% or 17%, 
depending on the variant (MSRM 2004). 
 
 
4.2.2 ESSFwc 

 
Delong and Meidinger (2003) state that the natural disturbance dynamics of the 
ESSF zone are relatively unknown – indicating a lack of empirical data on the 
topic.  In particular, we know very little about the interaction among various 
disturbance agents operating at different spatial scales.  However, Hawkes et al. 
(1997) investigated fire regimes in the ESSFwc3 (in conjunction with ESSFwk2 
because they were not differentiated in the digital database) subzone within the 
McGregor Model Forest, and thus likely provide the best data in relation to broad-
scale spatial patterns relative to ESSF forests in the LLEMS study.   
 
Considering only age class 3 to 7 stands (again to remove potential biases from 
fire and harvesting) in the ESSFwc3/wk2, they calculated a mean rate of 
disturbance across their study area of 0.144%/yr, translating to a fire return 
interval of 694 yrs.  While on the high end of other calculated disturbance rates 
within the ESSF zone (ESSFmc = 219 yrs, ESSFmv = 294, ESSFwv = 566, 
ESSFmk = 689; Wong et al. 2003), wetter and more snow-prone variants such as 
the ESSFwc (among the wettest of the ESSF subzones) would be expected to have 
long fire return intervals, corresponding to lower annual fire disturbance rates.   
 
Hawkes et al. (1997) also investigated patch sizes within their study area, and 
provided patch size distributions and frequencies (Tables 4 and 5).  They did not 
report patch size distributions specifically within the ESSF subzones, but rather 
combined within the entire McGregor Model Forest study area (where ESSFwc 
forests were a large portion). 

 



Table 4.  Patch size distribution calculated by Hawkes et al. (1997) within the 
McGregor Model Forest, consisting of the ESSFwc3/vk2 and SBSvk subzones. 

Patch size (ha) Proportion of total area 

<10 6 

10-99 31 

100-999 40 

>1,000 23 
 
Table 5.  Patch size frequency distribution calculated by Hawkes et al. (1997) 
within the McGregor Model Forest, consisting of the ESSFwc3/vk2 and SBSvk 
subzones. 

Patch size (ha) Proportion of total number 
of patches 

< 10  53 

10 – 49 34 

50 – 99 7 

>100 6 
 
 
Hawkes et al. (1997) calculated patch size distributions in several other ways 
including within individual age classes, and by splitting the northern portion of 
the study area from the southern portion.  In all cases however, patch size 
distributions mirrored the combined data, and were consistent with ecological 
theory stating that most fires are small, but large fires make up most of the area.  
In all of Hawkes et al.’s (1997) analyses the majority of patches were < 10 ha;  
< 1% of patches were > 1000 ha; but patches > 100 ha made up the majority of 
the area. 
 
Delong (2005) also provides patch size distribution estimates for the Wet 
Mountain and Wet Trench-Mountain natural disturbance subunits (corresponding 
to the ESSFwc3 variant) within the Prince George Forest Region (Delong 2002b), 
as follows (Table 6). 
 
 



Table 6.  Patch size distribution estimated by Delong (2005) for the Wet 
Mountain and Wet Trench-Mountain natural disturbance subunits (corresponding 
to the ESSFwc3 variant). 

Patch size (ha) Proportion of total area 

< 50  20 

51 – 100 10 

101 – 1,000 60 

> 1,000 10 
 
 
 
Delong (2005) also provides estimates of the range of variability of amounts (% 
of total forest) of old forests.  Within the Wet Mountain and Wet Trench-
mountain, corresponding to the ESSFwc3 variant, estimated amounts of forest > 
140 yrs is between 80 and 89%.  Final targets for management purposes were 
50% or 63%, depending on the variant (MSRM 2004). 

 
General conclusions from natural disturbance research in the ESSF forests can be 
summarized as: most ESSF landscapes in north-central BC are dominated by 
older forests, and are strongly influenced by large disturbance events > 1000 ha 
(Wong et al. 2003).  However, due to the infrequency of fire in the wet ESSF 
subzones (e.g., ESSFwc), Delong and Meidinger (2003) state that these forest 
types are substantially affected by disturbance agents that operate in older forests, 
such as insects and disease – thus indicating that silvicutural systems emulating 
gap dynamics should increase proportionally in these stand types. 

 
 
5.0 Future Refinements 
 
This document represents a starting point in incorporating landscape and wildlife 
parameters into the LLEMS modelling framework.  As such, additional work and further 
refinements will be required.  Specifically, two items that could be added and refined are 
(1) edge effects associated with varying variable retention prescriptions, and (2) stand-
level structural indicators based on natural disturbance retention patterns. 
 
Edge effects:  As mentioned previously, quantifying the amount of induced edge is an 
important indicator of forest management effects on landscape spatial patterns, and has 
large implications to a wide variety of species.  However, most edge indices assume hard 
edges created by clear-cutting.  In the case of partial cutting through variable retention 
harvesting, edge effects will vary based on levels and patterns of retention.  Defining 
edge effects based on retention patterns, and thereby modelling edge through time based 
on various scenarios, would be a significant addition to the LLEMS modelling 
framework. 
 



Retention patterns:  Variable retention harvesting is composed of three elements: (1) 
amount to be retained, (2) what is retained (i.e., species composition), and (3) spatial 
pattern of retention.  Typically, these three elements are based on a natural disturbance 
model consistent with a coarse-filter biodiversity management approach (as discussed 
previously).  Since partial harvesting and variable retention approaches is a key element 
within the LLEMS model, determining targets and indices based on natural disturbance 
retention patterns would be a desirable modelling approach.  Given the broad range of 
variability in possible approaches, this represents a desirable, yet large body of research. 
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