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1.0 INTRODUCTION 
 
Two common questions asked of resource managers include, “are ecosystems resilient to 
existing and planned disturbance patterns” and “are you keeping the common species 
common”? These can be very difficult questions to answer, and even defining the 
terminology in those questions can be an onerous and sensitive process.  
 
Ecosystems are not static. Plant and animal composition, productivity and nutrient cycling, 
all change in response to stochastic events and successional change (Gunderson 2000). 
Sustainable ecosystems, however, maintain these traits within stable bounds. Plant 
succession following tree fall creates a heterogeneous mosaic of vegetation in forest 
ecosystems (Denslow et al. 1990) but maintains a characteristic vegetation pattern at the 
landscape scale. Similarly, in many ecosystems predictable successional changes in 
ecosystem parameters follow natural wildfires (Stark and Steele 1977, Van Cleve et al. 1991, 
D’Antonio and Vitousek 1992). However, the landscape as a whole does not change because 
fires in some patches are balanced by successional development in other patches (Watt 1947, 
Turner 1989).  Biological diversity appears to play a substantial role in ecosystem resilience 
and in sustaining desirable ecosystem states in the face of change (Peterson et al. 1998). 
Elmqvist et al. (2003) suggested that the diversity of responses to environmental change 
among species contributing to the same ecosystem function, which they called response 
diversity, was critical to change.  
 
Dealing with the concept of ecosystem resilience requires stratifying a landbase into distinct 
but workable ecological units, identifying species or group of species that are associated with 
such units, and integrating ecological units and characteristic biodiversity into an 
effectiveness monitoring plan that will allow foresters to cope with uncertainty and surprise 
in landscapes that have been logged.  
 
There are many different initiatives around the globe aimed at demonstrating that ecosystems 
are resilient. In British Columbia, there are also several programs with ecological resilience 
as the focal concept. For example, the new Future Forest Ecosystems of BC initiative has 
stated that its main purpose is to “adapt BC’s forest management framework to manage for 
ecosystem resilience” (FFE, 2006). Ecosystem resilience is still an evolving concept; 
therefore, any attempt at assessing the resilience of an ecosystem should, at a minimum, 
include the following: 
 

• Clear objectives 
• Well defined concepts and terminology 
• Indicators of success 
• Comprehensive monitoring design and protocol 
• Strong feedback to forest management policies and procedures 
 

Although there is a tremendous amount of literature related to biodiversity monitoring, most 
is conceptual in nature, or is focused on developing (not actually evaluating) specific 
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biodiversity management plans (Madsen et al. 1999; Mulder et al. 1999).  This report deals 
with the concepts of ecosystem resilience and biodiversity monitoring in a practical way so 
that they may be integrated in the Tree Farm License 30 (TFL 30) Sustainable Forest 
Management Plan (SFMP). 
 
The concepts and general indicators used in this report are not new to the scientific 
community; however, based on past experience, we believe that implementation of the 
specific monitoring protocol described in this report will provide a useful tool for resource 
managers to evaluate the resilience of their landbase ecosystems.  
 
In this report, the concept of ecosystem resilience in TFL 30 (Figure 1) was closely tied to 
Proulx and Bernier’s (2006) proposed effectiveness monitoring program for biodiversity 
management. They proposed 7 indicators to evaluate the effectiveness of all biodiversity 
management programs and forest management policies in the Prince George Timber Supply 
Area. For this project, Proulx and Bernier’s (2006) indicators are reviewed and focused to 
specifically address ecosystem resilience in TFL 30. In addition, a comprehensive monitoring 
design is proposed, with feedback mechanisms clearly proposed for forest managers. 

1.1 OBJECTIVE 
 
Development of this monitoring plan is meant to satisfy the initial requirements of Indicator 
3.15 in the TFL 30 SFMP. 
 
The objective of this project was to develop a long-term, comprehensive and effective plan to 
1) monitor specific wildlife species in TFL30 that are representative of biological diversity, 
and 2) to evaluate ecosystem resilience in TFL 30. 

1.2 CONCEPTS AND TERMINOLOGY 
 
It is critical to define and discuss the concepts and terminology associated with monitoring 
biological diversity and ecosystem resilience, and throughout this report, many different 
terms and concepts are discussed. The following section describes the authors particular use 
of specific terminology and concepts. 
 
Ecosystem Resilience: More than three decades ago, Holling (1973) defined ecosystem 
resilience as the amount of disturbance a system can absorb and still remain within the same 
state or domain of attraction. Since then, similar definitions have been proposed (Gunderson 
2000), and in British Columbia, the concept has been defined as the capacity of an ecosystem 
to absorb disturbance or stress and recover to a similar stability domain (Haeussler et al. 
2006). A stability domain is further defined as an ecosystem’s range of natural variability 
(FFE 2006). 
 
Biodiversity: the BC Ministry of Forests definition of biodiversity is a common one derived 
from multiple previous definitions. Biodiversity is the diversity of plants, animals, and other 
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living organisms in all their forms and levels of organization, including genes, species, 
ecosystems, and the evolutionary and functional processes that link them 
(http://www.for.gov.bc.ca/hfd/library/documents/glossary/index.htm). 
 

 
Figure 1. TFL 30 Key Map 
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Ecosystem: a unit that includes all the organisms in a given area interacting with the 
physical environment, so that a flow of energy leads to clearly defined trophic structure, 
biotic diversity and material cycles within the system (Odum 1971). It is noteworthy to 
mention that, in forestry and eco-modeling, ecosystem is often equivalent to a plant 
association only. In this project, the word ecosystem corresponds to the Grouped Site 
Associations (GSA) resulting from grouping biogeoclimatic vegetation alliances (plant 
associations) and their seral stages (Proulx and Bernier 2006). 
 
Effectiveness monitoring: Effectiveness monitoring aims to evaluate landscape level 
biodiversity management decisions that have collectively been made by resource managers.  
Several provincial agencies, resource extraction companies, and non-governmental 
conservation groups have monitoring programs in place already.  Some of these monitoring 
programs have components of effectiveness monitoring already incorporated into the 
planning process.  The goal of conserving biological diversity is shared by many people, 
companies, agencies and organizations, and finding synergies between different monitoring 
programs should ultimately result in more and possibly better data for use in adaptive 
management processes1. 
 
Vegetation composition: Succession is characterized by progressive changes in species 
structure, organic structure, and energy flow. It involves a gradual and continuous 
replacement of one kind of plant and animal by another that is more complex (Smith 1974).  
Vegetation characterizing early-, mid-, and late- successional stages of plant associations are 
generally known (MOFR Ecosystem Database) and can potentially be monitored to 
determine if stands are within known variations in composition, i.e., within the resilience 
limits of the ecosystems. At the landscape level, long-term stability and sustainability 
depends on a flexibility of response that can only be maintained in an environment that varies 
in time and space (O’Neill 2001). It is therefore essential to know that GSA’s seral stages are 
properly interspersed (see connectivity below) and have the vegetation composition that 
characterizes their successional development, which will contribute to ecosystem resilience. 
 
Connectivity: O’Neill (2001) pointed out that spatial pattern, extent of disturbances, and 
heterogeneity of environmental conditions is critical to ecosystem stability. An ecological 
system is composed of a range of spatial scales, from the local system to the potential 
dispersal range of all of the species within the local system. Therefore, the minimal area 
required to explain recovery is not the boundary of the local ecosystem, but the dispersal 
range of its component biota. The potential dispersal range is set by a) the environmental 
constraints (biotic and abiotic) for each species, by b) dispersal barriers, and by c) species 
dispersal mechanisms (O’Neill 2001).  

                                                 
1 See Proulx and Bernier (2006) for a comparison of Compliance Monitoring with Implementation Monitoring, 
Validation Monitoring, and Effectiveness Monitoring. 
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The increasing effects of habitat loss (patch isolation) result in a reduction in patch 
occupancy as habitat loss increases (Dykstra 2004).  As a result, the amount of habitat 
required to maintain populations above the extinction threshold increases with dispersal 
habitat removal (Dytham 1995). Maintaining contiguous, managed landscapes therefore 
means ensuring that GSAs are properly interconnected, and that plants and animals found in 
late-successional habitats (see multi-species habitats below) are properly linked to other 
successional stages to permit a dispersal of “seed” populations (Chapin et al. 1996). 
Ultimately, connectivity allows ecosystem resilience to happen. 
 
Existing data are few to determine a maximum of habitat loss in managed landscapes to 
maintain biodiversity and promote ecosystem resilience. It is known, however, that habitat 
loss is the primary cause of the threshold response of species to habitat change. Although 
threshold responses vary by species, a number of studies have used population models to 
study the relationship between habitat and population losses.  Flather and Bevers (2002) 
showed that, when habitat loss is < 30-50%, the amount of habitat in the landscape in a 
significant predictor of population size.  When habitat loss exceeds 30-50%, then the effect 
of spatial arrangement on population size increases significantly. Andrén (1994) suggested 
that there were cascading effects of habitat change and habitat loss on animal species when 
about 30% of the original, formerly continuous, habitat remained. Pattern of patch types 
across an area theoretically can influence movements, metapopulation structure, and 
demographic processes, including genetic representation (Mills 1995, Mills and Tallmon 
1999).  When the area of habitat for a species falls below 20-30% of the landscape (With 
1999), managers need to identify connections across the landscape to reduce isolation risks 
(Thompson and Angelstam 1999, Martin and McComb 2002).  
 
Habitat loss particularly affects rare species (Summerville and Christ 2001), habitat 
specialists (Rolstad and Wegge 1987, Virkkala 1991) and species with low dispersal rates 
(Virgos 2001). For example, in the case of American marten, a habitat specialist associated 
with late-successional forests (Proulx et al. 2006) and wildlife communities (Proulx 2006b), 
20-30% habitat loss at the home range level has a negative impact on the species distribution 
and habitat use (Snyder and Bissonette 1987, Thompson and Harestad 1994, Chapin 1995, 
Hargis and Bissonette 1997, Potvin et al. 2000).  At the landscape level, once logging reaches 
a particular threshold estimated at about 20-30% removal, the forest increasingly takes on the 
coarse-grain pattern of islands of trees in a predominantly logged area, and carrying capacity 
for marten declines precipitously (Thompson and Harestad 1994). 
 
Considering the impact of habitat loss, and lack of linkages between habitat remnants, it is 
essential to investigate habitat distribution within managed landscapes. Such investigation 
needs to be conducted over small areas (e.g., 5-10 km2) to relate to medium carnivore home 
ranges (e.g. marten, fisher, etc.) and over larger areas to accommodate animals with large 
home ranges and dispersal capability (e.g., wolverine). 
 
Forest Interior Conditions: Interior habitat is generally defined as the portion of habitat that 
does not experience edge effects, and thus maintains its functional viability for plant and 
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animal communities (Laurance and Yensen 1991, Saunders et al. 1991, Chen et al. 1992).  
Interior forest can be found in forest of any age and sufficient size and configuration, whether 
the forest consists of coniferous, deciduous, or mixed stands. Much of the literature is limited 
to a discussion of old seral forests, because this subset of interior forest is the most difficult 
to maintain and manage (von Sacken 1998). However, the term “interior habitat” is also 
applicable to a forest opening because, at some distance, the edge effects of the adjacent 
mature timber no longer penetrate the interior of the opening (Angelstam 1992). 
 
Whether the interior habitat of a forest patch maintains its functional viability for plant and 
animal communities depends also on the plant or animal of concern.  Interior is a species-
specific concept. What constitutes interior habitat for one species may not for another, and 
must be considered in a species-specific context.  For example, the concept of edge or forest 
interior for moose is quite different from those perceived by marten in the same landscape 
(Perera and Euler 2000). As a general guideline, interior habitat has been documented as 
beginning anywhere from 20 m to 600 m from the edge (Chen et al. 1992, BC Environment 
1995, Thompson and Angelstam 1999). 
 
Using the habitat requirements of indicator species for early- and late-successional forests, 
forest interior conditions may be determined at landscape level in order to effectively 
monitor biodiversity potential and ecosystem resilience within patches, and further assess the 
need for connectivity across managed areas.  
 
Multi-species Habitats: Maintaining biodiversity in resilient ecosystems requires that 
sufficient habitat is available to meet species requirements. For example, if a species’ mean 
home range size is 3 km2, small residual stands of a few hectares will not allow a breeding 
pair to establish itself. Proulx and Vergara (2001) concluded that wildlife tree patches of 2-7 
ha may accommodate small mammals such as voles, but they needed to be > 12 ha for 
mesocarnivores and ungulates.  The vulnerability of desired ecosystem states increases as the 
home ranges of the remaining organisms in a functional group narrows (Elmqvist et al. 
2003). Sustaining desirable states of an ecosystem in the face of perturbations requires that 
functional groups of species remain available for renewal and reorganization (Lundberg and 
Moberg 2003). The loss of specialist species may entail lower rates of ecosystem processes, 
and some functions performed by specialists may not be carried out at all (Elmqvist et al. 
2003). Bengtsson et al. (2003) suggested that in the future, dynamic refugia and reserve 
networks may serve a key role in management and the restoration of biodiversity. In order to 
provide biodiversity with opportunities during favorable times and refuges during 
unfavorable ones,  larger natural landscapes are more resilient than smaller and constantly 
disturbed ones (White and Harrod 1997). 
 
Data on size and distribution of GSAs, and their connectivity across landscapes, must be 
related to indicator species home range requirements to determine if those forested areas 
have the potential to be inhabited by complex biodiversity communities associated with 
functional ecosystems. Recent work on late-successional species in TFL30 (Proulx 2006a,b, 
Proulx et al. 2006) can be used for this assessment.  Proulx (2005) identified multi-species 
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areas that have the potential of playing the role of reserves, if they are harvested at a rate that 
does not compromise the habitat requirements and low tolerance for fragmentation of 
indicator species such as American marten. 
 
2.0  INDICATORS OF SUCCESS 
 
The development of an effectiveness monitoring plan for wildlife species and ecosystem 
resilience was based on Proulx and Bernier’s (2006) work that identified Group Site 
Associations (GSA) and various indicators to answer questions such as: 
 

 Are the current biodiversity management strategies working? 
 Are the identified values in the Prince George TSA remaining within their 

natural range of variation? 
 Is the landscape a functional ecosystem, or a patchwork of dysfunctional 

habitats? 
 
Although these were tough questions to answer, Proulx and Bernier (2006) addressed them 
by developing an effectiveness monitoring plan that allowed for relatively easy 
implementation at both tactical and operational levels. Obviously, their previous work is 
relevant to the development of a monitoring strategy to assess the resilience of ecosystems.  
As in Proulx and Bernier (2006), the selection of indicators for the development of an 
effectiveness monitoring plan for wildlife species and ecosystem resilience followed a 
stepwise approach: 
 

1. Review existing strategic plans and commitments applicable to the area. 
2. Identify the scope of the effectiveness monitoring plan. 
3. Review existing methods to stratify landbase into workable ecosystem groups. 
4. Review existing effectiveness indicators, specifically as they relate to the TFL 30 

SFM indicator 3.15 
 
Refer to Proulx and Bernier (2006) for details on the importance of following the stepwise 
approach to identifying indicators of success for effectiveness monitoring programs. 
 

2.1  REVIEW OF EXISTING STRATEGIC PLANS 
 
The TFL30 Sustainable Forest Management Plan (SFMP, Canfor 2006) was reviewed for 
references to effectiveness monitoring and ecosystem resilience. Specifically, indicator 3.15 
was reviewed and discussed with Canfor and other biodiversity specialists at Timberline and 
Alpha Wildlife. The entire SFMP was reviewed to ensure consistency between the proposed 
monitoring plan and other initiatives associated with the SFMP. 
 
Other local SFMP’s were reviewed, including the Prince George, Vanderhoof and Fort Saint 
James SFMP’s, all available on Canfor’s website (www.canfor.com). Other relevant 
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scientific journals and technical papers were reviewed as they relate to the topic of 
effectiveness monitoring. 
 
Although Canfor recognizes the wildlife and biodiversity values of TFL30, its main concerns 
relate to caribou habitat protection (Canfor 2006).  Recently, the Public Advisory Group 
recognized that, on the basis of Proulx’s (2005, 2006a,b) and Proulx et al.’s (2006) findings, 
biodiversity conservation should focus on specific areas that meet the habitat requirements of 
coarse- and fine-filter species (K. Deschamps, Canfor, pers. commun.).  Canfor (2006) 
identified 55 indicators and objectives to enhance sustainable forest management. These 
include late seral stage distribution, forest patches, forest interior condition, biodiversity 
reserves, American marten habitat, native plant species diversity, caribou habitat, riparian 
management areas, etc. However, there is currently no strategic plan addressing effectiveness 
monitoring for wildlife and ecosystem resilience in TFL30 (Canfor 2006).  

2.2 SCOPE 
 
This project focuses on monitoring biological diversity and ecosystem resilience on TFL 30 
at different spatial scales, namely landscape (Biogeoclimatic Units - BEC) and stand levels. 
Specifically, this project evaluates the success of managing the landscape of Criteria 1 and 2 
in the CAN/CSA-Z809-02 Sustainable Forest Management as follows: 
 
Criterion 1 – Conservation of Biological Diversity:  Element 1.1 – Ecosystem Diversity 
       Element 1.2 – Species Diversity 
Criterion 2 – Conservation of Biological Diversity:  Element 2.1 – Forest Ecosystem  
                   Resilience 

2.3 LANDBASE STRATIFICATION 
 
Workable ecosystem units to stratify a landbase are required prior to moving forward with a 
monitoring plan. We used Proulx and Bernier’s (2006) Grouped Site Associations (GSAs) 
that resulted from grouping biogeoclimatic vegetation alliances and seral stages.  Groupings 
were based on vegetation ordination using original biogeoclimatic ecosystem plots installed 
by the Ministry of Forests. Additional groupings and/or separations were completed based on 
local, expert ecological opinion. All groupings were based on ecological relevance (Proulx 
and Bernier 2006). Combining these into 41 GSA’s was accomplished using the BEC 
vegetation hierarchy provided by the Ministry of Forest and Range (Meidinger 2006). 
 
In many situations, it made better ecological sense to group alliances together, split alliances, 
or move individual site series to an alliance other than that identified by vegetation 
ordination. For example, the PlSb – feathermoss site series are in the Pl – Pinegrass alliance. 
They were moved to the Sb – feathermosses GSA because the PlSb types are ecologically 
very similar to the SbPl types, despite being separated through vegetation ordination based 
on the dominant tree species. There are several adjustments similar to this example, and all 
are based on ecological relevance instead of statistical significance.  
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The original 41 GSAs and their associated BEC units are described in detail in Proulx and 
Bernier (2006). These GSAs are found throughout the Prince George Timber Supply Area, 
which is adjacent to TFL 30. However, using the ecosystem mapping database in TFL30, we 
identified 30 GSAs. The associated vegetation alliances are provided in Appendix I to 
demonstrate the relationship between vegetation alliances, BEC site series and the final 
GSA’s.  
 
The 30 GSAs identified through the landscape stratification process are integral to the 
effectiveness monitoring program. The selected effectiveness indicators will rely on a well-
stratified landbase in order to remain practical and credible. Three of the GSAs are non-
vegetated and will not be monitored in this program (anthropogenic, water bodies, and non-
vegetated). There are also 5 non-forested associations identified (alder-lady fern, alpine-
subalpine, avalanche tracks, non-forested floodplains, and non-forested wetlands. There are 
22 distinct forested associations identified: 
 

• 6 high elevation subalpine fir associations 
• 3 interior rainforest western redcedar associations 
• 2 interior rainforest western hemlock associations 
• 5 sub-boreal hybrid white spruce associations  
• 1 dry edaphic lodgepole pine association 
• 2 moderately dry climate hybrid white spruce / Douglas-fir associations  
• 1 poor nutrient black spruce association 
• 1 treed wetland association 
• 1 treed floodplain association 

 
Each of these associations could be considered a unique ecosystem, with identifiable site, soil 
and vegetation characteristics. Basic descriptions for each climax association were developed 
originally to allow wildlife biologists to select indicator species associated with each GSA 
(Proulx and Bernier, 2006). These GSA descriptions are provided in Proulx and Bernier’s 
report, and have been modified (Appendix II). The GSA numbers used in this report are 
consistent with the original Proulx and Bernier report, although eleven of the original GSAs 
in that report are not found in TFL 30. 
 
In TFL 30, three GSAs dominate (70.3%) the 180,720 ha landbase: 

• Bl – oak fern (GSA10): 15,159 ha (8.4%) 
• Sxw – devil’s club (GSA32): 43,365 ha (24.0 %) 
• Sxw – oak fern (GSA 36): 68,475ha (37.9%) 

 
These three GSAs account for 127,000ha or just over 70% of the TFL. These are the GSAs 
that will be the focus of resilience monitoring in this project. 
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2.4  EFFECTIVENESS INDICATORS  
 
The main objectives of this project are to develop monitoring plans for common wildlife 
species and for ecosystem resilience. As with most monitoring plans, indicators of effective 
management are a critical component of this plan. With the strategic plan review, project 
scope and landbase stratification discussed above, selection of indicators within the context 
of those descriptions was the next step in developing the monitoring plan.  
 
Selecting indicators to evaluate whether an ecosystem is resilient is a difficult task, and the 
main constraint is keeping the monitoring program as efficient as possible. The effectiveness 
monitoring indicators originally presented in Proulx and Bernier (2006) for the PG TSA 
provided a good starting point for selecting and developing specific indicators for common 
wildlife stability and for ecosystem resilience. The 7 main indicators provided in that report 
are useful for evaluating the effectiveness of biodiversity management across a large 
landbase (Table 1). However, in order to efficiently carry out an effectiveness monitoring 
program for common wildlife species and ecosystem resilience, we recommend using and 
developing two of the seven indicators identified by Proulx and Bernier (2006).  
 
For this project, we recommend using the following two indicator statements: 
 

Indicator 1: Presence of indicator species in representative early and late 
successional stands. 

Indicator 2: Presence of species indicators in representative early and late 
successional stands. 

 
 
The use of these two indicators complements each other. The term ‘representative’ suggests 
that not every ecosystem or GSA would need to be evaluated on the landbase, instead, the 
use of the 3 common GSAs discussed in section 2.3 is recommended. The use of both early 
and late successional stands is also an important characteristic of these indicators, as it is 
important to contrast the structure, composition and function of both early and late 
successional stands. 
 
It is implied by these statements that if indicator species and species indicators are present in 
an acceptable quantity and quality, we will be able to evaluate whether ecosystems are 
resilient, i.e., that they have the environmental conditions and elements that allow them to 
recover to a similar stability domain. 
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Table 1. Reasons for selection or rejection of Proulx and Bernier’s (2006) indicators for effectiveness 
monitoring. 
Indicator Description Reasons for selection or rejection 
1. Indicator species  A species whose presence indicates the 

presence of favorable environmental 
conditions for this species, and for other 
species of similar habitat requirements. 

Selected 
Indicator species are selected for specific seral 
stages. Their presence at stand level implies that 
these specific seral stages have acquired the 
habitat characteristics needed by the Indicator 
Species (see Proulx 2005). The presence of 
indicator species across the landscape suggests 
that animal movements are fostered through 
connectivity.  Therefore, genetic diversity 
(Indicator # 5) across the landscape is ensured 
for these species.  

2. Species indicator Habitat components whose presence is 
indicative of habitat conditions sought by 
given species and communities. 

Selected 
Species Indicators are selected for specific seral 
stages.  The presence of these indicators 
suggests that the ecosystems have properly 
developed over time, thus implying that an 
ecosystem is resilient. The presence of Species 
Indicators suggests that wildlife associated with 
specific elements will also be present  (see 
Proulx 2006b).  

3. Representative 
ecosystems 

Presence of representative ecosystems in 
non-harvestable areas. 

Rejected2 
Representative ecosystems are included in 
GSAs.  This indicator is therefore redundant. 

4. Species at risk Species and plant communities at risk, 
and their spatially-known locations, are 
maintained over time in PGTSA 

Rejected 
Species at risk may play an important role in the 
maintenance of biodiversity across the 
landscape (Lyons et al. 2005).  Also, species at 
risk are selected as indicator species (see Proulx 
2005). This indicator is therefore redundant with 
Indicator Species . 

5. Genetic diversity Maintenance of genetic diversity across 
landscapes. 

Rejected 
Ecosystems are collections of interacting 
populations (O’Neill 2000).  The presence of 
Indicator Species across landscapes suggests 
that connectivity fostering animal movements 
exists.  

6. Species at risk 
and sensitive 
ecosystems 

Species and plant communities at risk, 
and their spatially-known locations, are 
maintained over time in the defined area. 

Rejected 
Consideration for these species at risk and 
sensitive ecosystems is given through the 
establishment of GSAs and the selection of 
indicator species. 

7. Protected areas 
and sites of 
biological 
significance 

Identification and maintenance of these 
areas over time. 

Rejected 
Consideration for these areas is given through 
the establishment of GSAs 

                                                 
2 Rejection does not imply that these indicators are unimportant. However, in an attempt to simplify the 
effectiveness monitoring plan, those rejected indicators have been incorporated within selected indicators. 
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2.4.1 Indicator Species 
 
Proulx and Bernier (2006) identified potential indicator species (among terrestrial 
vertebrates, i.e., amphibians, reptiles, birds and mammals) on the basis of an extensive 
review of species’ habitats and ecological needs using scientific journals, books, symposia 
proceedings, and technical reports.  They classified species associated with specific 
successional stages according to GSAs in the Prince George TSA, and selected the most 
adequate ones (Table 2). Their work applied to forested areas that are adjacent to TFL30, and 
is therefore relevant to this project. 
 
Table 2.  Distribution of species according to successional stages in the Prince George TSA (after Proulx and 
Bernier 2006). 
Successional stage 
Early 
 

Mid Late 

All species Discriminate 
species 

All species Discriminate 
species 

All species Discriminate 
species 

Water, 
emergent 
vegetation, 
canyons, 
cliffs 

104 52 94 1 120 43 48 
 
Early-successional Stages 
 
Proulx and Bernier (2006) found that only a few species were associated with most early- 
successional stages of forested GSAs: Mountain Bluebird, Townsend’s Solitaire, American 
Robin, McGillivray’s Warbler, Wilson’s Warbler, Chipping Sparrow, Clay-colored Sparrow, 
Vesper Sparrow, White-crowned Sparrow, Striped Skunk, and Meadow Vole. Of these, the 
Striped Skunk, Meadow Vole and Clay-colored Sparrow represented the most species in 
GSAs. Other species represented ≤11 species, except Kestrel and Golden Eagle who 
represented several species but do not depend on forested environments for most of their 
needs.  The Striped Skunk and the Meadow Vole, because of their presence in most GSAs, 
and their capability to represent many other species, were obvious indicator species for seral 
stage biodiversity. Shrub/brush and grass/weeds, which are characteristic of early-
successional stages (see below), are important habitat features for the skunk. Grassy 
environments are important habitats for the Meadow Vole. Sparrows were found in most 
GSAs and, as a group, their distribution encompassed those of 27 early-successional species 
(Proulx and Bernier 2006).  Shrub/brush, grass/weeds, and forest edge were the most 
important habitat features for this group of species. That is to say that retaining sparrows as 
indicator species allows one to identify habitats with the proper environmental conditions for 
most early-successional species.  
 
Mid-successional Stages 
 
Proulx and Bernier (2006) found that the great majority of species found in mid-successional 
stands were present in either early- or late- successional stands. The Sharp-shinned Hawk 

                                                 
3 See Appendix X for scientific names 
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was, however, a species known to be particularly associated with young forests. 
Unfortunately, as a raptor, it exists at low densities (Davis et al. 1999), and is not an ideal 
indicator of mid-successional stages.  
 
Late-successional Stages 
 
Proulx and Bernier (2006) found that many species were found in more than 65% of all 
GSA’s late-successional stages: all the woodpeckers and owls, chickadees, Red-breasted 
Nuthatch, Brown Creeper, Red Crossbill, bats, American Marten Fisher, Red-backed Vole, 
and Northern Flying Squirrel. Of these, the Pileated Woodpecker, and the songbirds 
represented the greatest number of species.  American marten, because it is generally absent 
of stands with less structural complexity (e.g., a dominance of pine, swampy forest), 
represented a few species only. On the other hand, when species are evaluated on the basis of 
important habitat features (see below), American Marten and Fisher represented the most 
species. 
 
Selection of Indicator Species 
 
On the basis of their presence in many GSAs, and their ability to represent species either on 
the basis of GSA type or habitat features, Proulx and Bernier (2006) recommended that the 
following species be used as indicator species:  
• Early successional: Striped Skunk, Meadow Vole, sparrow species complex. 
• Late-successional: woodpeckers, owls, American Marten, Fisher, bats, chickadees, Red-

breasted Nuthatch, and Brown Creeper4. 
 
The association of these indicator species with early- and late- successional stages is in 
agreement with findings in Central Interior BC (Gyug 1996, Davis et al. 1999, Proulx 
2006b). It is also ascertained by a previous selection of indicator species by Proulx (2000b) 
in central BC, and Ruggiero et al. (1988) in western USA. 

2.4.2 Species Indicators 
 
Proulx and Bernier (2006) selected 15 habitat features associated with early- and late- 
successional stages, and identified those that were most frequently found in species’ habitats. 
They identified the following habitat features as characteristic of early- and late- successional 
stands: 
 
• Early successional: shrub/brush, open areas, grass/weeds, and forest edge. 
• Late-successional: forest (particularly coniferous and mixed), canopy closure, snags, 

large trees. 
 

                                                 
4 The red-backed vole may be added to this list as it is associated with American marten, and may be 
inventoried in the summer with other species (Proulx, unpubl. data). 
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Proulx and Vergara (2001) identified wildlife habitat attributes that may be used in the 
assessment of stand level structure for biodiversity maintenance. Proulx (2006b, 2007) also 
showed how Wildlife Trees and snags changed in quantity and quality from early- to late-
successional stages. 
 
Timberline (2004a, 2007) has benchmark plant diversity data gathered for the 3 main GSAs 
in TFL 30. These reports discuss the composition and structure of early seral plant 
communities after a wildfire, and provide targets for plant diversity of managed stands. 
These native plant diversity projects will be utilized when monitoring early successional 
stands. 

2.5 COMPONENTS OF THE EFFECTIVENESS MONITORING PLAN USING 
INDICATOR SPECIES AND SPECIES INDICATORS 
 
Landscapes found in TFL30 are characterized according to GSAs (see below) and their 
distribution across the Landbase (Table 2). The structure of landscapes relates to the overall 
distribution, proportions, and characteristics of GSAs’ stands .  Finally, the functionality of 
the GSAs across landscapes is determined on the basis of Indicators Species (see explanation 
for selection of this indicator below). 
 
GSAs’ stands are characterized by their variation in composition (Table 3). Their structure is 
described by Species Indicators (see list below), and their function is assessed on the basis of 
Indicator Species. 
 
Table 3.  Components of the Effectiveness Monitoring Plan for wildlife species and ecosystem resilience in 
TFL30, at landscape and stand levels. 

Components of the Effectiveness Monitoring Plan Scale 
Composition Structure Function 

Landscape (BEC) GSAs found within 
TFL30 

GSAs’ % of landscape 
area  
- contiguous vs. 
disconnected 
- % with forest interior 
conditions 
- multi-species habitat 
conservation areas 

Distribution of Indicator 
Species 
 
 

Stand Stands found within each 
GSA 

Species Indicators Distribution of Indicator 
Species 
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3.0 A STEPWISE EFFECTIVENESS MONITORING PROGRAM  
 
Monitoring the effectiveness of harvest programs to maintain wildlife species and ensure 
ecosystem resilience involves a step-by-step approach: 
 

1. Determine the distribution of GSAs according to seral stages 
2. Identify inventory sites for early- and late- successional stands 
3. Inventory of vegetation in early-successional stages 
4. Inventory of species indicators in early-, mid- and late- successional stages 
5. Inventory of indicator species in early- and late- successional5 species 
6. Spatial study of GSAs stands (size, interior conditions, distribution, 

connectivity, etc.) 
7. Inventory of connectivity corridors 
8. Integration of all datasets and evaluation of biodiversity and ecosystem 

resilience in TFL30. 
 
The implementation of this stepwise approach in TFL30 would last 2 years (Table 4). 
 
Table 4.  Proposed schedule of an effectiveness monitoring program (modified from Proulx and Bernier 2006). 

Season/Year    Task 
Spring Summer Fall Winter 

Distribution of 
GSAs, and selection 
of inventory sites  

                                                 2007 

 
Inventory of 
Indicator Species 

                                                                                                              2007 
                                                  2008 
 
                                                  2009 
 

Inventory of 
representative 
vegetation and 
Species Indicators 

 
                                                 2008 

Spatial study of 
GSAs and 
inventory of 
connectivity 
corridors 

 
                                                                                                           2008 
                              2009 
 

Integration of 
datasets and final 
evaluation of 
biodiversity and 
ecosystem 
resilience 

                                                                                                                       
                                                                                                           2009 

                                                 
5 Most of the late-successional indicator species have been inventoried by Proulx (2006a,b) and Proulx et al. 
(2006).  However, the distribution of these indicator species was based solely on habitat requirements. In this 
project, it may be necessary to carry oout more inventories to ensure a proper distribution of survey transects in 
all GSAs. 
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A series of protocols were selected on the basis of previous scientific research conducted in 
TFL30 and the Prince George Forest Region to determine species (e.g., Proulx 2000a, Proulx 
et al. 2006, Proulx 2006a, b) and ecosystem (Timberline, 2003, 2005) distributions.  

3.1 DISTRIBUTION OF GSAs 
 
The Predictive Ecosystem Mapping coverage and structural stage coverage is available for 
the TFL (Timberline, 2004b). Converting the existing site series coverage to GSAs is a 
relatively simple GIS exercise that should be completed prior to developing a sampling 
strategy. Databases and maps should be prepared at landscape and stand levels that are 
spatially accurate to allow for the proper selection of inventory sites. 

3.2 SELECTION OF INVENTORY SITES 
 
The selection of inventory sites for this project should be completed once the locations of the 
TFL GSAs are mapped and undertood. Other related biodiversity management projects 
taking place (or that have taken place) in the TFL should be reviewed for synergies prior to 
final selection of sites. 
 
It is important to select sites that are accessible for evaluating during different seasons to 
keep the monitoring program cost efficient. Ten early and ten late successional stands will be 
selected for each of the 3 common GSAs in the TFL. For the initial monitoring program, 
there will be a total of 60 stands evaluated.  

3.3  MONITORING INDICATOR SPECIES 
 
A selected group of birds and mammals have been identified in Section 2.4 to assess 
biodiversity across successional stages, and ultimately evaluate ecosystem resilience across 
landscapes.  The following describes methods recommended to: 

• Inventory birds at the beginning of the growing season; 
• Assess the presence of mammals in winter; and 
• Capture-recapture small mammals to determine their distribution and estimate 

population densities. 
 

3.3.1 Bird Counts  
 
Detection by Observation or Hearing – Simple counts will be used at stand level to gather 
information about species presence, richness, and total bird counts (Reynolds et al. 1980, 
Verner 1985, Verner and Ritter 1985, Buford and Capen 1999). The methodology will be 
largely based on Seip and Parker (1997)6.  Two permanent census points will be located in 

                                                 
6 Seip and Parker’s (1997) study occurred in the Prince George Forest District and its findings will be compared to those of 
this project. 
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each stand, ≥ 200 m apart (Manuwal and Carey 1991).  Because birds can travel over long 
distances in a short time period, census points will be located in vegetation sampling plots 
that are ≥ 100 m from stand edges (RIC 1997). 
 
Birds will be inventoried during 5-6 replicate counts at each census point (Mannan and 
Meslow 1984, Manuwal and Carey 1991).  Replicate counts will be distributed throughout 
the breeding season, i.e., from 21 May to 26 June (Seip and Parker 1997).  All counts will be 
conducted between 0500 hrs and 0830 hrs.  Counts will begin 3 min after arrival at each 
station to allow for return of bird activity (Schieck and Nietfeld 1995).  All birds seen or 
heard within 75 m of each census point during an 8-min period will be recorded by 
experienced bird researchers.  Manuwal and Carey (1991) reported that the number of 
species detected does not differ between 8-min and longer counts.  Dettmers et al. (1999) 
also concluded that short-duration point counts may provide data for developing bird-habitat 
models for forest songbirds that perform as well as models developed from longer counts.  
Researchers should avoid counting the same birds more than once.  Researchers will alternate 
the replicate counts for each census point to reduce any observer bias, and also alternate the 
order of sampling each morning to reduce any bias associated with time of day.  Birds 
recorded between census points should be noted for a more complete species list (Manuwal 
and Carey 1991). 
 
Poor weather such as high winds, rain, and fog can inhibit both bird behavior and observer 
ability.  Refer to Table 5 for weather standards.  
 

Table 5.  Acceptable and unacceptable weather conditions for songbird surveys (after RIC 1997). 
 

 
                  ACCEPTABLE   NON-ACCEPTABLE 
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Species-specific detectability and decline in detectability due to distance from observer or 
weather are the principal sources of difficulty in accurately estimating relative density.  Some 
species or groups of species are particularly difficult to identify. For example, hummingbirds 
are small, active birds that are detectable only at short distances from an observer.  Call notes 
and the sound of wing flapping are usually the only indications of the presence of a 
hummingbird (Manuwal and Carey 1991).  Woodpeckers are difficult to detect because they 
have large home ranges in which they call relatively infrequently.  Auditory communication 
is by calls or mechanical sounds such as drumming and ritual tapping (Short 1979).  Seip and 
Parker (1997) pooled woodpeckers together (except northern Flickers) due to low detection 
rates and difficulty in distinguishing species by sound alone.  Manuwal and Carey (1991) 
consider flycatchers the most difficult identification problems.  The only sure way to identify 
these birds is to hear them sing.  Jays present special detectability problems.  Both species 
call infrequently and may mimic the sounds of other birds.  Several authors have documented 
changes in bird species detectability and should be consulted prior field work (e.g., Best 
1981, Best and Peterson 1982, Kessler and Milne 1982, Ralph 1981, Robbins 1981, Skirvin 
1981, Manuwal and Carey 1991). 
 
Detection by Acoustical Recording – Identification of birds from their songs and calls is a 
learned skill that requires considerable experience (Raitt 1981), and even experienced people 
may be limited by hearing problems (Cyr 1981).  Thus, the number of people who are 
qualified to conduct forest bird surveys is limited, and the amount of survey work that can be 
accomplished by those few people is a few weeks is not great. Telfer and Farr (1993) showed 
that data obtained from audio recordings did not differ from field observations.  There are 
even cases where recordings may be used to supplement field observations.   Acoustical 
recording may therefore be used to back-up field data (Schieck and Nietfeld 1995). Telfer 
and Farr (1993) used a “professional Walkman” cassette tape recorder (e.g., Sony Model No. 
WMD3) with accessory speakers and ear phones for field use and a “Longear Mini” 
microphone (Applied Nature Systems, Gibsonia, Pennsylvania). At census points, the 
microphone is fastened to a stake with a heavy rubber band 1.5 m above the ground.  The 
microphone is pointed in the direction of the habitat being sampled.  Telfer and Farr (19930 
joined the microphone and recorder with a 5-m-long extension cord and stepped back 4-5 m 
to reduce extraneous noise as much as possible.  The equipment should be allowed to run for 
8 min (duration of field observations). It is noteworthy to mention that such a microphone 
can be expected to register sound from an oval-shaped area with the long axis in the direction 
in which it is pointed (Wickstrom 1982).  While it is possible for the recording equipment to 
miss birds heard by an observer if they are calling from behind the microphone or at right 
angles to its direction of orientation, the recording could register bird vocalizations that are 
out of the hearing range of an observer (Telfer and Farr 1993).  New technology should be 
investigated prior to bird inventories. 
 
Personnel and data collection – RIC (1997) points out that the most essential component fro 
the collection of accurate data is a competent observer.  Indeed, proficient bird observers 
obtain species estimates within 90% and abundance estimates within 80% accuracy (Ralph et 
al. 1993). To maintain a high skill level, the project leader should assess all potential workers 



Proulx & Bernier - Effectiveness monitoring plan for wildlife species and ecosystem resilience in  
Tree Farm license 30 
 

     22

Biogeoclimatic Zone:  Origin (Fire/clearcut):           Date:                           Page Series: __of __ 
 
Stand Site Number:  Location:                 Corresponding Vegetation Plot: 
 
Census Point:   Time :  Start____ End_____ 
 
                          Weather:       

                   Acoustical Recording Number:    Investigator: 
 
Species Sex 

M-F-U  
[Unknown] 

Observed Heard Distance 
from 
observer 
(m) 

Comments 

      
      
      
Note: Only one recording per individual bird.  Use the standard four letter species code (first two letters of each word – Ex. 
American Robin =  AMRO). 

and provide guidance where needed.  Field training sessions should be held prior to data 
collection to increase observer expertise and to evaluate and correct for differences between 
observers (e.g., Kepler and Scott 1981).  Time should also be invested in helping personnel 
estimate the distance from themselves to singing birds within different habitats.   

 
Field training should be done early in the morning. People differ in the speed at which they 
learn bird identification.  Tape recordings of bird songs and calls are important aides that can 
speed the learning process (RIC 1997).  An inexperienced person may need 2-4 weeks with 
the assistance of an experienced birder to become competent in identifying birds by song and 
call (Manuwal and Carey 1991). It is therefore important to hire experienced field biologists 
and to maximize field time early in the season to allow mastery of the indigenous bird 
species in a short time. Field workers must be proficient at identifying species by their songs 
and calls.  Periodic testing may be appropriate.   

 
Ramsey and Scott (1981) found that hearing thresholds of people over 40 years of age 
usually did not meet the minimum required to hear frequencies typical of the songs of many 
passerine birds.  Other important observer attributes include alertness, field experience, 
knowledge of ornithology, and good physical condition. Observers should be systematically 
rotated among the stands being sampled to compensate for any between-observer bias in 
ability to detect birds among the stands (Manuwal and Carey 1991).   
 
Data should be collected on sheets that summarize the information listed above.   It is my 
experience that data sheets need to be “fine-tuned” in the field. Table 6 is only a preliminary 
data sheet that should be amended as required.  However, once a data sheet has been 
finalized, it should be used by all subsequent researchers. 
 
Table 6.  Preliminary data sheet for songbird surveys.  
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3.3.2 Bird Signs  
 
 Because of the difficulty in surveying woodpeckers during bird counts, presence/not 
detected surveys may be carried out in winter when the visibility of birds is enhanced 
because deciduous trees are leafless (Proulx 2006b).  Wildlife tree and indirect sign surveys 
for woodpecker feeding, roosting and nesting excavations are recommended as indicators of 
woodpecker presence (RIC 1999). Woodpecker presence and signs may be investigated 
along transects. Surveyors must snowshoe at a relatively slow pace, and will scan for 
woodpeckers and for wildlife trees with woodpecker signs (e.g., feeding and nesting 
excavations). For each wildlife tree that has a woodpecker on it or contains woodpecker 
excavations, the following observations should be recorded: 

 Distance along transect. 
 Time of day7. 
 Woodpecker species  
 Describe sign. When possible, record the woodpecker species associated with the 

sign (Table 7) and sign type (cavity or foraging excavation).  
 Record tree species. and type of wildlife tree. 
 Measure tree dbh and estimate height. 

 
Table 7. Descriptions of feeding and nesting excavations made by selected woodpecker species (after RIC 
1999). 
Species Foraging (F)/Nesting (N) Description 

N Relatively large oval-shaped holes Pileated woodpecker 
 F Relatively large, rectangular holes into the heartwood 

of standing live/dead trees and stumps and logs 
Northern flicker 
 

N Relatively large oval-shaped holes 

N Round-shaped holes with bark often peeled-off 
around entrance 

Three-toed woodpecker 
 

F Bark flakes removed or bark stripped from the lower 
bole 

N Round-shaped holes with bark often peeled-off 
around entrance 

Black-backed 
woodpecker 
 F Bark flakes removed or bark stripped from the lower 

bole 
Sapsucker spp. 
 

F Rows of small, squarish holes in a vertical series in 
the bark of live trees. 

 
The analysis of presence/not detected woodpecker data and species richness will follow the 
methodology employed with mammal tracks.  Analyses of variance followed by Tukey tests 
will be used to compare inventoried elements among habitat types (Zar 1999). 

                                                 
7 Woodpeckers are mostly active in the morning. It is therefore preferable to survey woodpeckers from sunrise 
to noon. On the other hand, because of time constraints, it is better to finalize all surveys within a same site on a 
same day. 
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3.3.3 Winter Tracking  
 
Inventories of mammal tracks should be carried out from December to February. This period 
corresponds to the most critical time of year for survival (in winter food is relatively rare and 
weather is harsh).  Transects should cross landscapes in proportions that reflect actual 
landscape conditions in early-, mid- and late- successional stages (Proulx et al. 2006). 
Transects should be plotted on maps, and starting points should be tied by compass bearings 
and distance to distinctive topographic features. Transects should be snowshoed using a 
compass, 1:20:000 maps, and a hip chain to record linear distances.  Only well-defined tracks 
(those not melted or deformed, not filled with crusty snow, and judged to be fresh, i.e., less 
than 24h-old - subjective assessment based on the experience of the researchers) should be 
recorded. Due to the similarity between fisher and American marten footprints (Halfpenny et 
al. 1995), when mustelid tracks are encountered, they should be investigated on both sides of 
transects and within forest stands to find the best tracks available. The combination of 
footprint (size, presence/absence of toe prints) and trail (gait, distance between jumps, and 
dragging of the feet) characteristics will be used to identify all tracks (Murie 1975, Rezendes 
1992, Halfpenny et al. 1995, Proulx et al. 2006). Tracks of white-tailed deer and mule deer 
cannot be distinguished accurately in the field and will therefore be combined (Murie 1975; 
Proulx et al. 2006c). Linear distance along a survey transect will be determined using a hip 
chain, and will be recorded each time there is a change in habitat type (Table 8).  
 
Autocorrelation is often present in ecological data and may not be totally avoided (Legendre 
1993, Bowman and Robitaille 1997, Proulx and O’Doherty 2006). It potentially occurs 
during analysis of track survey data because of the uncertainty in whether one or more 
animals have made the tracks being counted. However, it is sometimes difficult to confirm 
that a series of tracks along a transect belong to the same animal (de Vos 1951) as home 
ranges overlap (Buskirk and Ruggiero 1994), and winter dispersal movements are known to 
occur (Clark and Campbell 1976). Proulx et al. (2006) observed that tracks of 2 different 
animals could sometimes be as close as 100 m from each other along a same transect.  To 
minimize spatial autocorrelation, a minimum spacing of tracks and a minimum spacing of 
transects will be used (Proulx and O’Doherty 2005). Only tracks ≥ 100 m apart within the 
same forest stand should be recorded (Bowman and Robitaille 1997) for meso-carnivores.  
Tracks < 100 m apart but in two different stands should also be recorded (Proulx et al. 2006). 
An effort should be made to select transects far apart (e.g., ≥ 1 km; Proulx 2006a, Proulx et 
al. 2006) within and between years.  In the case of herbivores, all tracks should be recorded 
as per Proulx and Kariz (2005). 
 
The proportion of habitat classes traversed by survey transects will be used to determine the 
expected frequency of track intersects/habitat class or by polygon type (e.g., excellent-high 
vs. medium-low quality) if tracks were distributed randomly with respect to habitat types 
(Proulx et al. 2006). For each species, habitat use (i.e., observed vs. expected frequency of 
track intercepts) will be tested with Chi-square statistics (Siegel 1956). When > 20% of cells 
have an expected frequency smaller than 5, or when any expected frequency is smaller than 
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1, it will be necessary to combine classes (Cochran 1954). Then, habitat classes with similar 
characteristics, such as cover and seral stage will be pooled. When chi-square analyses 
suggest an overall significant difference between the distribution of observed and expected 
frequencies, comparisons of observed to expected frequencies for each habitat class or 
polygon will be conducted using the G test for correlated proportions (Sokal and Rohlf 
1981).  The Fisher exact probability test will be used to compare observed to expected 
distributions when sample size is < 20 (Siegel 1956). Probability values ≤0.05 will be 
considered statistically significant.   
 
Table 8..Habitat types that will be used in inventories for furbearers and ungulates (after Proulx et al. 2006). 

 

Forest type Characteristics 
Deciduous Crown closure ≥ 10%, deciduous species > 75% 
Coniferous 
Pure 
Mixed 
   
 
 

Crown closure ≥ 10%, coniferous species > 75% 
When  ≥ 80% of the coniferous cover is provided by one species. 
When the coniferous cover is provided by more than one species, 
neither species  ≥ 80% 

Coniferous-deciduous Crown closure ≥ 10%, neither type > 75% 
Ecosystem Development Description 

Opening without vegetation Open areas without vegetation, such as roads, frozen ponds, and 
gravel pits.  

Opening with vegetation Recent clearcuts, usually not planted, fields and areas with little or 
no trees, and sparse or dense understory. 

Immature 1 New forest community following a natural or anthropogenic 
disturbance, with trees < 2 m high. 

Immature 2 New forest community following a natural or anthropogenic 
disturbance, with trees ≥2 m high. 

Pole Thick stands of pole trees (7.5 to 12.4 cm dbh), usually with little 
understory.  Trees compete with one another and other plants for 
light, water, nutrients, and space to the point where most other 
vegetation and many trees become suppressed and die. 

Young forest Achievement of dominance by some trees and death of other trees 
leads to reduced competition that allows understory plants to 
become established. The forest canopy has begun differentiation 
into distinct layers.  Vigorous growth and a more open and multi-
storied stand than in the pole stage.   

Mature forest Even canopy of mature trees, with or without coarse woody debris 
down and leaning logs.  Understories are well developed as the 
canopy opens up. A second cycle of shade tolerant trees may have 
become established. 

Old forest Old, structurally complex stands composed mainly of shade-
tolerant and regenerating tree species.   Mortality of tall and large 
canopy trees, canopy gaps, large snags, and large downed woody 
debris material.   

Old forest open Old forest stands interspersed with openings with vegetation. 
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An index of similarity of communities (e.g., furbearer) may be calculated between habitat 
types with the following equation:  
 

BA
CS
+

2:  

 
where A is the number of species in Sample A, B is the number of species in sample B, and C 
is the number of species common to both samples (Odum 1971). 
  
Species richness in each habitat type will be determined with the Shannon-Wiener function: 
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where s is the number of species, and pi is the proportion of total sample belonging to ith 
species (Krebs 1978). Differences in regional species richness between years will be 
analyzed with the Mann-Whitney U test (Siegel 1956). 

3.3.4 Small Mammal Trapping 
 
Forest-floor small mammals will be sampled with pitfall traps and live-traps set in a 1-ha 
matrix with 49 (7 x 7) stations set at 14.3-m intervals (49 traps and pitfalls per grid).  One 
trap and one pitfall will be installed at each station to obtain density estimates for 1 ha 
(Sullivan 1997).  Traps and pitfalls will be baited with a mixture of rolled oats, peanut butter 
and rendered bacon (Martell 1983), set ≤ 1 m from the grid point.  Traps will be staked 
down. Traps will be opened for 4 consecutive nights, for 2 consecutive weeks, and checked 
twice daily to reduce risk of death through hypothermia, stress or predation.  Captured 
animals will be handled using wire mesh cones; we will mark, sex and weigh them before 
release. If rainfall causes the release of trap mechanisms, trapping effort may be extended for 
as many nights as it rained (Nordyke and Buskirk 1991). All trapping activities will follow 
high animal-welfare standards (Powell and Proulx 2003). 
 
Squirrels require larger grids, i.e., 10 x 10 grids with 30-m spacing and two traps per station 
(200 per grid) (Villa et al.  1999). Carey et al. (1991) and Huggins (1999) recommend the use 
of single-door wire-mesh (1.3 x 2.5 cm) traps.  The trap dimensions should be 41 x 13 x 13 
cm and should provide enough space for a nest box behind the treadle (Carey et al. 1991).   
Nest boxes must be made of windproof and water-repellent material (e.g., milk carton) and 
should be covered to minimize stress, hypothermia, and predation on trapped animals.  Traps 
will be placed within 5 m from the center of the grid point. One trap will be placed on the 
ground, on or near a fallen tree or at the base of a standing tree.  The trap will be firmly 
placed (it should not wobble or move with slight hand pressure).  The trap will be covered 
with vegetation and debris to increase rigidity and further insulate the trap (Carey et al. 
1991).  In forested habitats, the second trap will be hung 1.5 m high in the largest tree 
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available (it is easier to correctly mount a trap on a large tree than on a small tree).  Two nails 
5 cm apart (horizontally) will hold the front of the trap flush with the tree.  The trap will be 
hung on the nails and secured with string/wire. The trap should be immobile. The trap should 
be horizontal or on a slight incline with the front down to keep rain from flowing into the 
back of the trap.  The edge of the entrance should be flush (or nearly so) with the tree, but 
there should be enough space to insert the cloth tunnel of a handling cone between the trap 
and the tree (Carey et al. 1991).  In cut blocks, the trap should be set on the highest stump 
close to the grid point. Traps will be baited with a peanut butter-molasses-oat mixture as an 
attractant and as food for captured animals (Carey et al. 1999).  Traps will be adjusted to 
spring with a light pressure, crisp release, and quick fall of the door.  Bait and adjustment 
will be checked daily.  Traps will be opened for 4 consecutive nights, for 2 consecutive 
weeks.  This trapping effort reduces risk of death through hypothermia, stress or predation by 
mustelids.  Captured animals will be handled using wire mesh and cloth cones.  A numbered 
tag will be placed in both ears of each squirrel at first capture.  Tag numbers, age, sex, 
weight, and reproductive condition of each captured animal will be noted before release at 
point of capture.  It is often difficult to assign an accurate age to individuals unless a long 
capture history or date of birth is available (Villa et al. 1999).  Relative age, however, can be 
assigned based on comparison with other individuals in the sample, and age classes can be 
approximated (Morris 1972, DeBlase and Martin 1981, Villa et al. 1999).  

 
Skunk trapping will involve grids similar to squirrel grids, and will follow Larivière and 
Messier’s (1999, 2000) methodology. 
 

Measurements of density of small mammal populations (i.e., number of captures/100 trap-
nights and per ha) and summary statistics (average, standard deviation, standard error) will 
be used to determine if there is a difference between capture data in different successional 
stages.  Chi-square statistics may be used to compare proportions of animals caught in 
various study sites (Scrivner and Smith 1984). Nonparametric tests (e.g., Kruskal-Wallis one-
way analysis of variance, Mann-Whitney U test, or Wilcoxon signed rank test; Siegel 1956) 
may also be used to compare species richness and abundance among sites. Relationships 
between mammal population characteristics and habitat variables may be investigated with 
simple regression and correlation tests using the study plot as the unit of replication 
(Whitaker and Montevecchi 1999, Nordyke and Buskirk 1991). Correlations > 0.30 but ≤ 
0.50 may be called moderate, and correlations > 0.50, high (Cohen 1988). Indices of 
similarity and species richness will be calculated and compared among successional stages. 

3.4  MONITORING SPECIES INDICATORS 
 
Species indicators are especially important to monitor in early successional stands. The plant 
composition and structural characteristics of managed stands will be compared to those of 
natural stands using the benchmark data collected by Timberline (2004a, 2007). Each stand 
will have a Ground Inspection Form (GIF) completed, with additional structural 
characteristics recorded, as per methodologies outlined in Timberline, 2007. In late 
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successional stands, a GIF will also be completed, as well as structural characteristics such as 
CWD, snags and large trees. 
 
Woodpecker presence and signs may be investigated along snowtracking transects and in 
vegetation plots. For each wildlife tree encountered along inventory transects., the following 
observations should be recorded (Proulx 2007): 

• Distance along transect. 
• Woodpecker species. 
• Sign and sign type (cavity or foraging excavation).  
• Tree species. 
• Class  
• Tree dbh and height. 

 
Snag inventories should be carried out in habitat types with 11.28-m-diameter circular plots 
located randomly along track inventory transects.  The following information should be  
collected: 

• Snag species 
• Dbh 
• Height 
• Class 
• Presence of woodpecker signs 

 
4.0  FEEDBACK TO FOREST MANAGEMENT 
 
The inventory and monitoring data collected will provide insight into the functioning and 
resilience of common ecosystems in the TFL, as well as providing insight into the stability of 
wildlife species, both common and rare. The absence of indicator species late in late-
successional stages will provide the first warning signals to forest managers. For example, if 
an indicator species is missing from a habitat that would normally be considered a good 
habitat, this may suggest high levels of fragmentation, loss of connectivity, loss of forest 
interior conditions, etc. and corrective measures would have to be considered. 
 
The process of monitoring early successional stages will allow resource managers to relate 
specific management activities with absence or presence of species indicators and/or 
indicator species. Certain silviculture or harvesting activities may result in the loss of species 
indicators in particular ecosystems, or they may inherently slow down or alter the 
colonization process post disturbance. Evaluating the results of this monitoring process 
within the context of specific management activities will provide direct feedback to forest 
managers. 
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5.0  RECOMMENDATIONS 
 
Ecosystem resilience is a dynamic concept which will be better defined with time, and the 
collection of more complete datasets.  For example, there is a need to obtain and compare 
complete data about biodiversity indicators in natural and anthropogenic early-seral stages 
This report is therefore a preliminary attempt at designing a program to implement the 
concept of ecosystem resilience in managed landscapes. The process we have described here 
will need to be refined as the initial landscape stratification and site selection process takes 
place.   
 
In addition, we recommend that a gap analysis be carried out to establish benchmarks for 
indicator species and species indicators in early- and late- successional stages, and in various 
GSAs. As with all effectiveness monitoring programs, coordination of data collection should 
take place wherever possible. There are other programs (past and current) that could provide 
appropriate benchmark data to enhance this program. 
 
The following next steps are recommended for implementing this program in 2007: 

1. Stratification of landbase into GSAs 
2. Gap analysis of existing benchmark data for indicator species and species indicators 
3. Selection of inventory sites 
4. Field sampling strategy 
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7.0 APPENDIX I 
 Grouped Site Association Key 
 

GSA # 
Grouped Site 
Association Alliance Site_Series 

Correlated BEC 
Unit(s) 

1 Act - Dogwood not available ActSxw - Red-osier dogwood SBSwk1/13 
      ActBl - Devil's club SBSvk/12 
2 Alder - Lady fern not available Alder - Lady fern ESSFwc3/AL 
        ESSFwk1/51 
        SBSmk1/00 
        SBSvk/51 
        SBSwk1/00 
      Mountain alder - Lady fern SBSvk/11 
      Sitka Alder - Lady fern ICHvk2/AL 
        ESSFwk2/AL 
        ESSFwk2/00 
        ICHvk2/00 

3 Alpine - Subalpine not available 
Bracted louse-wort - Palmate 
coltsfoot ESSFwcp/LC 

      Heather - Lichen dry meadow ESSFwcp/HL 

      
Heather - Lichen meadow 
(Dry heath meadow) BAFA/HL 

      
Heather - Valerian mesic 
meadow ESSFwcp/HV 

      
Mountain-avens - Dwarf 
willow BAFA/AW 

      
Mountain-heather - 
Partridgefoot BAFA/HP 

      
Subalpine fir - Mountain 
arnica mesic meadow ESSFwcp/FA 

      
Bl - Heather - Lichen dry 
krumholz forest ESSFwcp/FL 

      Bl - Heather krummholz BAFA/FH 

      
Bl - Heather mesic krumholz 
forest ESSFwcp/FH 

4 Anthropogenic not available Railway Surface SBSwk1/RN 
      Road Surface SBSmk1/RZ 
        SBSvk/RZ 
        SBSwk1/RZ 
      Urban/ Suburban SBSmk1/UR 
        SBSvk/UR 
        SBSwk1/UR 
      Rural  ICHvk2/RW 

5 Avalanche track not available 
Barratt's willow - Valerian 
avalanche tract ESSFwcp/BV 

      Shrub avalanche track BAFA/AV 
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GSA # 
Grouped Site 
Association Alliance Site_Series 

Correlated BEC 
Unit(s) 

        SBSvk/AV 

7 Bl - Devil's club Bl - Devil's club 
Bl - Devil's club - 
Rhododendron ESSFwk2/04 

8 Bl - Horsetail Bl - Horsetail Bl - Horsetail - Sphagnum ESSFwk2/06 
9 Bl - Huckleberry not available Bl - Black Huckleberry ESSFwcp/FB 
10 Bl - Oak Fern Bl - Oak fern Bl - Oak fern - Bluebells ESSFwk2/03 
      Bl - Oak fern - Knight's plume ESSFwk2/01 
      Bl - Oak fern - Sarsaparilla ESSFwk2/02 

      
Bl - Rhododendron - Lady 
fern ESSFwk2/05 

      Bl - Rhododendron - Oak fern  ESSFwc3/01 

11 Bl - Rhododendron 
Bl - Rhododendron - 
Huckleberry 

Bl - Rhododendron - Queen's 
Cup ESSFwc3/02 

    not available Bl - Rhododendron ESSFwcp/FR 
12 Bl - Valerian Bl - Valerian Bl - Globeflower - Horsetail ESSFwc3/03 
    not available Bl - Valerian wet meadow ESSFwcp/FV 

13 Cw - Devil's club CwHw - Devil's club 
Cw - Devil's club - Ostrich 
fern ICHvk2/05 

      
CwHw - Devil's club - Lady 
fern ICHvk2/01 

14 Cw - Oak fern CwHw - Oak fern CwHw - Oak fern ICHvk2/04 

15 
Cw - Skunk 
cabbage Cw - Skunk cabbage Sxw - Skunk cabbage SBSvk/10 

    CwBl - Skunk cabbage CwSxw - Skunk cabbage ICHvk2/06 
18 Hw - Cladonia HwCw - Cladonia HwCw - Cladonia ICHvk2/02 
19 Hw - Step moss HwCw - Step Moss HwCw - Step moss ICHvk2/03 

20 
Non-forested 
floodplain not available 

Lowbench sedge/herb 
floodplain ESSFwk2/LO 

        ICHvk2/LO 
        SBSmk1/LO 
        SBSvk/LO 
        SBSwk1/LO 
      Lowbench shrub floodplain ESSFwcp/LU 
        ESSFwk2/LU 
        ICHvk2/LU 
        SBSmk1/LU 
        SBSvk/LU 
        SBSwk1/LU 

      
Mountain alder - Common 
horsetail SBSvk/FI01 

      
Mountain alder - Red-osier 
dogwood - Horsetail SBSvk/FI02 

        SBSwk1/FI02 

      
Sitka willow - Red-osier 
dogwood - Horsetail SBSvk/FI04 
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GSA # 
Grouped Site 
Association Alliance Site_Series 

Correlated BEC 
Unit(s) 

21 
Non-forested 
wetland not available 

Barclay's willow - water 
sedge - Glow moss SBSvk/Wf04 

        SBSwk1/Wf04 
      Beaked sedge - Water sedge SBSmk1/Wm01 
        SBSvk/Wm01 
        SBSwk1/Wm01 

      
Drummond's willow - Beaked 
sedge SBSmk1/Ws04 

        SBSwk1/Ws04 
      Hardhack - Sitka sedge SBSmk1/Ws50 
        SBSwk/Ws50 

      
Leatherleaf saxifrage - Sedge 
wetland ESSFwcp/SS 

      
Mountain alder - Skunk 
cabbage - Lady fern SBSvk/Ws01 

        SBSwk1/Ws01 
        ICHvk2/Ws01 
      Non-forested bog ESSFwk2/31 
      Organic sedge fen ESSFwk2/FE 
        SBSmk1/FE 
        SBSvk/FE 
        SBSwk1/FE 
      Organic shrub fen SBSmk1/OS 
        SBSvk/OS 
        SBSwk1/OS 
      Scheuchzeria - Peat-moss SBSvk/Wb12 

      
Scrub birch - Buckbean - 
Shore sedge SBSvk/Wf07 

        SBSwk1/Wf07 
      Scrub birch - Water sedge SBSvk/Wf02 
        SBSwk1/Wf02 
        ESSFwk2/Wf02 
        ICHvk2/Wf02 

      
Shore sedge - Buckbean - 
Hook-moss ESSFwc3/Wf08 

        SBSwk1/Wf08 

      
Shore sedge - Buckbean - 
Peat-moss SBSmk1/Wb13 

      Sitka willow - Sitka sedge SBSvk/Ws06 
        SBSwk1/Ws06 

      
Slender sedge - Common 
hook-moss SBSmk1/Wf05 

        SBSwk1Wf05 
      Swamp horsetail - Beaked SBSwk1/Wm02 
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GSA # 
Grouped Site 
Association Alliance Site_Series 

Correlated BEC 
Unit(s) 

sedge 
      Tufted clubrush - Star moss SBSwk1/Wf11 
      Water sedge - Beaked sedge ESSFwk1/Wf01 
      Water sedge - Peat-moss SBSwk1/Wf03 
22 Non-vegetated not available Cutbank ESSFwc3/CB 
        ESSFwcp/CB 
        SBSmk1/CB 
        SBSvk/CB 
        SBSwk1/CB 
        ESSFwk2/CB 
      Exposed Soil ESSFwcp/ES 
      Glacier ESSFwcp/GL 
        ESSFwk2/GL 
      Gravel Bar ICHvk2/GB 
        SBSvk/GB 
        SBSwk1/GB 
      Gravel Pit ICHvk2/GP 
        SBSmk1/GP 
        SBSvk/GP 
        SBSwk1/GP 
      Permanent  Snow BAFA/PN 
        ESSFwcp/PN 
        ESSFwk2/PN 
      Rock Outcrop ESSFwcp/RO 
        ESSFwk2/RO 
        ICHvk2/RO 
        SBSmk1/RO 
        SBSvk/RO 
        SBSwk1/RO 
      Talus ESSFwcp/TA 
        ESSFwk2/TA 
        ICHvk2/TA 
        SBSmk1/TA 
        SBSvk/TA 
        SBSwk1/TA 
23 Pl - Cladonia Pl - Feathermoss Pl - Feathermoss - Cladina SBSmk1/03 
    Sxw - Huckleberry Pl - Huckleberry - Cladina SBSvk/09 
        SBSwk1/02 

      
Pl - Huckleberry - Velvet-
leaved blueberry SBSvk/02 

        SBSwk1/03 

25 Sb - Feathermoss 
SbBl - Red-stemmed 
Feathermoss Sb - Huckleberry - Spirea SBSmk1/06 
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GSA # 
Grouped Site 
Association Alliance Site_Series 

Correlated BEC 
Unit(s) 

      SbPl - Feathermoss SBSwk1/12 
32 Sxw - Devil's club Sxw - Oak fern Sxw - Devil's club SBSmk1/08 
        SBSvk/01 
        SBSwk1/08 
      Sxw - Devil's club - Lady fern SBSwk1/10 

      
Sxw - Devil's club - Ostrich 
fern SBSvk/07 

      
Sxw - Devil's club - Spiny 
wood fern SBSvk/05 

33 Sxw - Hardhack Sxw - Twinberry Sxw - Pink spirea - Oak fern SBSwk1/06 
34 Sxw - Horsetail Sxw - Horsetail Sxw - Horsetail SBSvk/06 
        SBSwk1/09 
        SBSmk1/09 

35 Sxw - Huckleberry Sxw - Huckleberry 
Sxw - Huckleberry - 
Highbush-cranberry SBSmk1/01 

        SBSwk1/05 
36 Sxw - Oak fern Sxw - Oak fern Sxw - Oak fern SBSmk1/07 
        SBSvk/04 
        SBSwk1/01 
      Sxw - Twinberry - Oak fern SBSwk1/07 

38 
SxwFd - Prince's 
Pine SxwFd - Prince's Pine SxwFd - Knight's plume SBSmk1/04 

        SBSwk1/04 
      SxwFd - Toad-flax SBSmk1/05 

39 
SxwFd - 
Thimbleberry SxwFd - Thimbleberry SxwFd - Thimbleberry SBSvk/03 

40 Treed Wetland not available Organic treed fen ESSFwcp/OF 
        ESSFwk2/OF 
        SBSwk1/OF 

      
Pl - Bog rosemary - Peat-
moss ICHvk2/08 

        SBSwk1/14 

      
Pl - Few-flowered sedge - 
Peat moss ESSFwc3/04 

      Sb - Buckbean - Peat-moss ICHvk2/09 
        SBSwk1/16 

      
Sb - Common horsetail - 
Peat-moss SBSwk1/15 

      Sb - Scrub birch - Sedge SBSmk1/10 

      
Sb - Skunk cabbage - Peat-
moss ICHvk2/10 

        SBSvk/13 
        SBSwk1/17 
      Sb - Sphagnum ICHvk2/07 
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GSA # 
Grouped Site 
Association Alliance Site_Series 

Correlated BEC 
Unit(s) 

      SbPl - Bog-laurel - Sphagnum SBSvk/08 
      SbSxw - Scrub birch - Sedge SBSwk1/11 
41 Waterbody not available Lake SBSmk1/LA 
        SBS vk/LA 
        SBSwk1/LA 
        ESSFwk2/LA 
        ESSFwcp/LA 
      Pond ICHvk2/PD 
      River ESSFwcp/RI 
        ESSFwk2/RI 
        ICHvk2/RI 
        SBSmk1/RI 
        SBSvk/RI 
        SBSwk1/RI 
      Shallow Open Water ESSFwk2/OW 
        ICHvk2/OW 
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8.0 APPENDIX II 
 Grouped Site Association Descriptions 
 
The following descriptions are modified from Proulx and Bernier (2006) – only GSAs and 
BEC units found in TFL 30 have been discussed in this appendix. Total hectares mapped 
for each GSA is based on Predictive Ecosystem Mapping (Timberline, 2005). 

GSA 1: Act – Dogwood 
 
The Act – dogwood forested community is found on sandy fluvial materials adjacent to water 
courses, on middle (sometimes upper) benches.  These sites experience periodic flooding, 
and tend to have regosol soils.  This is a nutrient rich association with significant input of 
organic matter from deciduous leaves and the lush understorey vegetation. 
 
Black cottonwood is the dominant tree species on this low-lying forested association.  Large 
diameter hybrid white spruce is also found scattered throughout these sites.  Abundant shrubs 
exist in the understory that include red-osier dogwood, sitka alder, black-twinberry, 
highbush-cranberry and prickly rose.  The moderately to poorly developed herbaceous layer 
may include bluejoint grass, American vetch, purple peavine, and some horsetails.  
 
This GSA was not mapped in the Terrestrial or Predictive Ecosystem Mapping projects for 
TFL 30, although it is known to exist in small amounts adjacent to the Fraser River. The Act 
– Dogwood is associated with the following BEC units in TFL 30: 
 
 
 
 

GSA 2: Alder – Lady Fern 
 
There are 790 ha of this GSA mapped in TFL 30. The Alder – lady fern is a non-forested 
association that is typically found on cold-north or east facing slopes where persistent 
seepage is common.  This site is dominated by abundant herbaceous vegetation and well-
developed alder patches.  Sitka alder is the predominate species found on this site, along with 
some mountain alder, especially in very wet climates.  Additional shrub species found on this 
site include red-osier dogwood, high-bush cranberry, black twinberry, and black gooseberry.  
Herbaceous vegetation includes abundant lady fern, spiny wood fern, and oak fern.  Other 
herb species may include sedges, horsetails, sitka valerian, and foamflowers.  The moss layer 
is usually poorly developed, but may include leafy mosses, sphagnums, red-stemmed 
feathermoss, and common leafy liverwort.  
 
The Alder – Lady Fern is associated with the following BEC units: 

SBSvk/12 
SBSwk1/13 
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ESSFwc3/AL 
SBSmk1/AL 
SBSvk/51 
SBSwk1/AL 
SBSvk/11 
ICHvk2/AL 
ESSFwk2/AL 

 

GSA 3: Alpine - Subalpine 
 
There are 952 ha of this GSA mapped in TFL 30. The Alpine - Subalpine unit includes all of 
the non-forested (or partially forested) alpine areas at above the treeline.  Typically, this is 
found above 1400m in the TFL.  The environment of the alpine-subalpine is cold, windy and 
snowy.  Typically, greater than 70% of the precipitation falls as snow.  Growing seasons in 
the alpine community are short, with high risk of frost during all months of the year.  Soils 
generally are poorly developed in this site and are variable.  Thin soils over weathering rock 
are typical.  Relatively lower elevation areas with deeper soils have more abundant 
vegetative cover.  
 
The vegetative communities of the Alpine – Subalpine is quite variable but may include: 
 

• mats of lichens, heathers, partridge foot; 
• warm aspect grass and sedge communities; 
• lush alpine meadows; 
• krummholz  or very stunted coniferous species (typically subalpine fir); and 
• shrubby willows and scrub birch. 

 
GSA 4: Anthropogenic  
 
There are 1,082 ha of this GSA mapped in TFL 30. This group includes any site in the PG 
TSA that has been disturbed by anthropogenic means and has unnatural ground cover.  
Associated units include: 
 

Rural 
Urban/suburban 
Road surface 
Railway surface 
Mine 
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GSA 5: Avalanche Tracks  
 
This GSA was not specifically mapped in the TFL 30 PEM, although it is known to exist at 
higher elevations. An avalanche track is the path or channel that an avalanche follows as it 
goes downhill.  The destructive force of the snow and debris flowing downhill removes large 
vertical swaths of trees.  Sites are susceptible to heavy snow loading and repeated avalanche 
events that make tree establishment difficult.  These associations are important wildlife areas 
in the somewhat harsh, upper elevation environments. 
 
Herbaceous vegetation is usually abundant on these moist, open sites.  Late lying snow is 
common, especially on the lower toe positions of the avalanche chute.  Herbaceous 
vegetation species includes Indian hellebore, sitka valerian, stinging nettle, cow parsnip, and 
artic lupine.  Horsetails and mountain heather may also be common on these sites.  
Subalpine-fir may re-establish on these sites forming a low cover tree layer at or below 
normal snow pack levels.  
 
GSA 6: Bl – Cladonia - Not found in TFL 30 

GSA 7: Bl – Devil’s Club 
 
There are 422 ha of this GSA mapped in TFL 30. The subalpine fir – devil’s club community 
occurs in the ESSF zone and is normally found in middle to lower slope position.  Soils are 
subhygric or hygric and are moderately well to imperfectly drained.  This is a rich nutrient, 
lush vegetation association.  Thin organic layers may be present in the wetter sites.  
 
Engelmann spruce and subalpine fir are the dominant tree layer.  Spruce usually dominates 
on the wettest sites of this community while subalpine fir may be dominant on the moist 
sites.  Well-developed shrub layers typically are dominated by devil’s club, rhododendron, 
thimbleberry, and black gooseberry.  Diverse herbaceous vegetation includes lady fern, oak 
fern, Indian hellebore, and foam flowers.  A moderate cover of moss is present and most 
often includes ragged mosses and knight’s plume.   
 
The Bl – Devil’s Club is associated with the following BEC unit: 
          

ESSFwk2/04 

GSA 8: Bl – Horsetail 
 
There are 51 ha of this GSA mapped in TFL 30. This high elevation forested community 
represents the wetter forested communities with hygric to subhygric site conditions.  
Consistent seepage is present on this site.  Tree establishment typically is more widely 
spaced and may be on raised micro-sites.  Organic soils or thick humus layers are usually 
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present.  The soil profile on this site is of variable texture and may include organic or fluvial 
parent materials.  Slope gradient is often less than <5%.   
  
The Bl – Horsetail association is dominated by Engelmann spruce with varying amounts of 
subalpine fir.  In ESSF variants bordering the ICH, a minor amount of western redcedar may 
be in the canopy at lower elevations.  The shrub layer is poorly to moderately developed.  
Black huckleberry, gooseberry, twinberry, and Labrador tea are typical shrubs found 
associated with this community.  The herb layer is relatively well developed and dominated 
by common horsetail, Indian hellebore, sitka valerian, and lady fern.  Mosses are sparse to 
moderate, dominated by leafy mosses, glow moss and pockets of sphagnum.  
 
In addition to being found along drainages, this community represents the moderate to 
sparsely treed zone between non-forested wetland ecosystems and forested communities.  
 
The Bl – Horsetail is associated with the following BEC unit: 
  

ESSFwk2/06 

GSA 9: Bl - Huckleberry 
 
There are only 17 ha of this GSA mapped in TFL 30; therefore, it should be combined with 
the Bl – oak fern GSA for operational use. The Subalpine fir – Huckleberry site association is 
a slightly drier than mesic forested community in higher elevations.  Periods of desiccation 
may occur during the drier months, resulting from typically thin, medium to coarse-textured, 
and well-drained soils.  Poor to medium nutrient regimes are associated with this association.  
It occurs on mid to upper slopes or ridges tops, and is often on south-facing slopes. 
 
The dominate tree layer may be lodgepole pine, subalpine fir, or Engelmann spruce.  The 
shrub layer is poorly to moderately well developed, and typically includes black huckleberry, 
false azalea, rhododendron, and may include gooseberry or thimbleberry on the richer sites.  
The herbaceous layer is sparse to moderately developed and includes crowberry, heron’s bill, 
five leaved bramble and twinflower.  Moss layers are usually continuous and dominated by 
feathermoss.  Lichens and liverworts are often abundant and include leafy liverwort, cladonia 
and reindeer lichens. 
     
The Bl – Huckleberry is associated with the following BEC units: 
       

ESSFwcp/FH 
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GSA 10: Bl - Oak fern 
 
There are 15,159 ha of this GSA mapped in TFL 30 and it is the most common subalpine fir 
leading association. This common community is a high elevation, ESSF forested unit, and is 
widespread throughout the ESSF variants of the Prince George TSA.  It normally occurs on 
submesic, mesic and subhygric sites, usually with moderately well drained soils on a variety 
of surficial materials.   
 
The tree layer is dominated by subalpine fir, with varying amounts of Engelmann spruce.  
The shrub layer is moderately well developed, and dominated by Vaccinium spp. (especially 
black huckleberry), white-flowered rhododendron and black gooseberry.  In particular areas, 
rhododendron can be very dense, decreasing the presence of most other shrub and herbaceous 
species.  The herb layer is also moderately well developed, typically dominated by oak fern, 
twistedstalks, five leaved bramble.  The moss layer is quite uniform in most areas, dominated 
by red-stemmed feathermoss, knight’s plume and liverworts. 
 
The Bl – Oak Fern is associated with the following BEC units: 
 

ESSFwk2/01 
ESSFwk2/02 
ESSFwk2/03 
ESSFwk2/05 
ESSFwc3/01 

 

GSA 11: Bl - Rhododendron 
 
There are 1254 ha of this GSA mapped in TFL 30. The subalpine fir – rhododendron 
association is a fairly common high elevation site that is typically found on morainal or 
glaciofluvial parent materials.   Sites are submesic to subhygric and of variable texture.  The 
nutrient regime has a range between very poor and rich sites.  This association can found on 
variable slope positions that include level, and lower to upper slope positions.  High coarse 
fragment content may be present on some sites.   
 
Engelmann spruce and subalpine fir are the dominant tree cover on zonal sites.  Black spruce 
and/or pine may be found on nutrient poor sites or micro-topography.   
 
This communities’ shrub layer is moderately well developed, often dominated by 
rhododendron (especially on north aspects), black huckleberry on mesic sites, and occasional 
soopolallie and Labrador tea on nutrient deficient sites.  Herbaceous layers with bunchberry, 
heart-leaved arnica, and twinflower may be moderate where rhododendron isn’t dominant.  
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Red-stemmed feathermoss and knight’s plume can form an almost continuous moss layer, 
together with liverworts and pelt lichens.  
   
The Bl – Rhododendron is associated with the following BEC units: 
     

ESSFwc3/02 
ESSFwcp/FR 

GSA 12: Bl – Valerian 
 
There are 190 ha of this GSA mapped in TFL 30. The subalpine fir – valerian association is 
another moderately wet community of higher elevations.   Typically it is found at mid to 
lower slope position, but can be scattered at upper slope position where late lying snow or 
cold, wet soils predominate.  Soil texture is variable, and Ah layers may be well developed.  
Persistent to intermittent seepage is a site distinguishing factor of this association.    
 
Subalpine fir is the dominant tree canopy species, with large scattered Engelmann spruce.  
Tree establishment may be patchy with small open meadows dominated by wet and rich herb 
species.  Herbaceous layers in this association are more abundant than shrub layers and are of 
varying heights.  Herbs species include Indian hellebore, sitka valerian, and arrow-leaved 
groundsel.  A poorly developed shrub layer may include black huckleberry and 
rhododendron.  Moss layers consist typically of woodsy ragged moss and sickle moss.  Pelt 
lichens may also be present.  
 
The Bl – Valerian is associated with the following BEC units: 
 
 

ESSFwc3/03 
ESSFwcp/FV 

 
GSA 13: Cw – Devil’s club 
 
There are 3,744 ha of this GSA mapped in TFL 30. The western redcedar – devil’s club is a 
moist and rich association found on high moisture sites associated with mid to lower slope, 
toe positions, or stream bank ecosystems of the moist interior forests of the ICH.  Soils are of 
variable parent materials and textures, but are often medium textured, fluvial or lacustrine 
materials.  Moisture regimes range from mesic to hygric.  Nutrient regime is often rich, but 
can be found on medium sites and occasionally poor nutrient sites.   
 
Western redcedar is the dominant tree layer on this site and is often mixed with western 
hemlock, hybrid white spruce, subalpine-fir and occasionally black cottonwood.  The 
understorey is moderately developed with shrubs that include devil’s club, thimbleberry, 
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black gooseberry, and red-osier dogwood.  Depending on the abundance of the shrub layer, 
herbaceous species can be in abundance consisting of ferns (lady, ostrich, oak), rosy 
twistedstalk, and enchanter’s nightshade.  The moss layer is moderately to well-developed 
and may consist of step moss, knight’s plume, and leafy moss species.  
 
The Cw – Devil’s club is associated with the following BEC units: 
 

ICHvk2/01 
ICHvk2/05 

GSA 14: Cw – Oak fern  
 
There are 1,790 ha of this GSA mapped in TFL 30. The western redcedar – oak fern site 
association is typically found on mesic to submesic sites, possibly with periods of temporary 
seepage.  This association has variable parent materials with medium to coarse textures.  
Nutrient regime is variable from poor to rich sites.  This is the zonal site for the ICHwk3 and 
ICHwk4. 
 
The dominant tree species are western red cedar and western hemlock.  Hybrid spruce and 
subalpine fir may form a component of these stands.  Shrub layers are moderately developed 
with a diversity of species that includes black huckleberry, oval-leaved blueberry and 
scattered devil’s club.  Herbaceous layers can be moderately to well-developed.  Typical 
species are oak fern, five-leaved bramble, one-leaved foamflower and lady fern.  A well-
developed moss layer may consist of red-stemmed feathermoss, step moss, and knight’s 
plume.  
  
The Cw – Oak fern is associated with the following BEC unit: 
 

ICHvk2/04 
 
 

GSA 15: Cw – Skunk cabbage  
 
There are 1,468 ha of this GSA mapped in TFL 30. The western redcedar – skunk cabbage 
site association is a highly productive, forested wetland found on level / depressional areas, 
or in narrow drainage channels.  Moisture regimes typically are hygric or subhydric, with a 
rich to very rich nutrient regime.  Water tables are present year round at or near surface 
horizons.  Parent materials may be of fluvial or lacustrine origin, with well-developed 
organic-humus layers forming in many areas.  Soil texture is variable, although coarse 
fragments are usually low or not present.  
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Western redcedar and hybrid white spruce are the dominant tree species in this association, 
with subalpine fir and western hemlock often present as well.  Tree establishment may be on 
raised microsites (hummocks), and canopies are moderately open.  The rich, moist site 
produces a well-developed and diverse herb layer dominated by skunk cabbage, lady fern, 
oak ferns, and horsetails.  Devil’s club, oval-leaved blueberry and mountain alder may be 
found in this association.  Moss layer is restricted to microsites, primarily mats of sphagnum, 
or patches of knights plumes or leafy mosses.  
 
The Cw – Skunk cabbage is associated with the following BEC units: 
 

SBSvk/10 
ICHvk2/06 

 

GSA 16: Fd – Cladonia – Not found in TFL 30 

GSA 17: Fd – Pinegrass – Not found in TFL 30 

GSA 18: Hw – Cladonia 
 
There are only 5 ha of this GSA mapped in TFL 30 and it will be combined with the Hw – 
Step Moss GSA for operational purposes. The western hemlock – cladonia association is the 
typical, very dry ICH sites, nutrient poor and usually associated with upper slopes with 
shallow soils.  This association is often found on warmer aspects, south or southwest.  Parent 
materials have variable textures, and may be colluvium, thin moraine, or steep lacustrine.  
 
The tree canopy of this community includes western hemlock, and minor components of 
hybrid white spruce, Douglas-fir and western redcedar.  A low cover of Douglas maple, 
Saskatoon, black huckleberry and mountain ash are usually present.  The herb layer is not 
well developed, but may include prince’s pine, bunchberry, and one-side wintergreen.  
Cladonia and reindeer lichens dominate a somewhat sparse moss layer that may also include 
patchy red-stemmed feathermoss and step moss.  
 
The Hw – Cladonia is associated with the following BEC units: 
 

ICHvk2/02 

GSA 19: Hw – Step Moss 
 
There are 76 ha of this GSA mapped in TFL 30. The western hemlock – step moss site is 
found on drier than average sites in the ICH zone, often found on the mid to upper, or 
sometimes crest slope positions.  Soil texture is medium to coarse, high coarse fragments 
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percentages are common, and soils are usually thin (deeper in the ICHmc1).  Parent materials 
are colluvial or morainal.  Soil moisture conditions are xeric or subxeric in the wet and very 
wet ICH subzones, and mesic on sites in the ICHmc1.  
 
The dominant tree is western hemlock, with minor amounts of Douglas-fir, lodgepole pine, 
hybrid spruce, western redcedar and/or subalpine fir.  The understory is often a carpet of 
mosses, with minimal shrubs and herbs present.  The shrub layer is poorly developed with 
occasional devil’s club, Douglas maple, falsebox, oval-leaved blueberry and black 
gooseberry present.  Herbaceous vegetation may include rattlesnake plantain, five-leaved 
bramble, princes pine, and bunchberry.  The moss layer is usually dominant and continuous 
and includes step moss, electrified cat’s tail and red-stemmed feathermoss.  
 
The Hw – Step moss is associated with the following BEC units: 
 

ICHvk2/03 

GSA 20: Non-forested floodplain 
 
There are 2,375 ha of this GSA mapped in TFL 30. Non-forested floodplains are low bench 
sites adjacent to streams (or lakes) and are susceptible to spring inundation of water, forming 
a tall shrub community.  Soils are usually coarse, originating from fluvial sands, gravels and 
silts; however, the site is usually poorly drained.  Tall shrubs that may be present include 
willows, alders, red-osier dogwood and other species tolerant to extended flooding and 
erosion.  Herbaceous vegetation cover varies depending on the scouring effects of flooding.  
Rhizomatous species that can re-sprout after flooding are common.  Vegetative cover that is 
common on these sites may include lady fern, ostrich fern, horsetails, bluejoint grass, and 
low shrubs such as snowberry and prickly rose.  

GSA 21: Non-forested wetland 
 
There are 1,530 ha of this GSA mapped in TFL 30. Non-forested wetlands sites are 
distinguished by soils that are water-saturated for sufficient length of time during the year 
that results in unique vegetation communities and soil development.  Excess amounts of 
water in the soils (hygric, subhygric) and resulting low levels of oxygen may be associated 
with the well-adapted hydrophyte plant community, and is a distinguishing factor of wetland 
communities.  
 
Non-forested wetland communities are classified as bogs, fens, or marshes.  Swamps are 
classified as forested wetlands.  Distinguishing features between these wetland types is based 
on soil development, moisture, nutrient regimes and overall alkalinity of soils.  Bog wetlands 
are found in basins with little water movement, nutrient-poor peatlands and highly acid and 
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oxygen poor soils.  Ericaceous shrubs are common on this site, combined with hummock-
forming sphagnum species.  
 
Fens are peatlands with fluctuating groundwater that maintain relatively high mineral content 
in the rooting zone.  This community is associated with non-ericaceous shrubs, sedges, 
grasses, reeds and brown mosses.  Fens develop in basins, lake margins, river floodplains, 
and seepage slopes. 
 
Marshes are shallowly flooded mineral based wetlands.  Sites are dominated by emergent 
grass-like vegetation and has high nutrient availability based on high water movement, 
aeration, and circum-neutral pH levels.  Fluctuating water table is common on this site 
resulting in exposed substrate in the drier months or years.  

GSA 22: Non-Vegetated  
 
There are 247 ha of this GSA mapped in TFL 30. This grouping includes any site in the PG 
TSA that has non-vegetated ground cover.  Sites include disturbed and undisturbed sites that 
are naturally non-vegetated ground cover.  
 
A non-vegetated site is associated with the following units: 
 

Cutbank 
Exposed soil 
Glacier 
Gravel bar 
Gravel pit 
Permanent snow 
Rock outcrop 

  

GSA 23: Pl – Cladonia 
 
There are 1,849 ha of this GSA mapped in TFL 30.  Moisture conditions are typically 
subxeric or xeric, but can be found on submesic and even mesic sites in the SBPSmc and 
SBPSdc.  The nutrient regime of these sites vary between very poor to medium.  This 
association is typically found on upper slope and crest positions, often on warmer aspects.  
Parent materials include morainal or colluvial veneers over bedrock, or rapidly drained 
glaciofluvial sites.  In the SBPS, this association may be found on mesic to xeric sites, 
middle to upper and crest slopes, and on variable parent material. 
 
Lodgepole pine dominates this site at climax due to the dry soil moisture conditions.  
Douglas-fir or scattered hybrid spruce may also be present on some sites.  The sparse 
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understorey is dominated by reindeer and/or cladonia lichens.  Red-stemmed feathermoss 
may be present but usually is sparse to moderately developed.  Typical shrubs include 
soopolallie, common juniper, black huckleberry, prickly rose and birch-leaved spirea.  The 
herb layer is poorly developed but may include kinnikinnick, dwarf blueberry, pinegrass, and 
ricegrasses.   
 
The Pl – Cladonia is associated with the following BEC units:  
 

SBSmk1/02 
SBSmk1/03 
SBSvk/09 
SBSwk1/02 
SBSvk/02 
SBSwk1/03 

 

GSA 24: Pl – Pinegrass – Not found in TFL 30 

GSA 25: Sb – Feathermoss 
 
There are 2,251 ha of this GSA mapped in TFL 30. The black spruce – feathermoss 
association is found on nutrient poor sites with cold soils and localized cold air ponding, in 
the SBSwk1 and SBSmk1 in the TFL.  Sites are often found on valley bottoms, lower slopes 
and level sites.  Moisture is variable on these sites between submesic and subhygric.  Soil 
texture and parent material are variable, although the association is often found on compact 
moraines.  
 
The dominant trees are black spruce and lodgepole pine, with a minor component of hybrid 
white spruce scattered throughout.  The shrub layer is comprised of nutrient poor species 
such as soopolallie, Labrador tea, velvet-leaved blueberry, or white flowered rhododendron if 
the site is in the ESSF.  Typical herbaceous species include bunchberry, dwarf blueberry, 
heart-leaved arnica and twinflower.  The understorey is dominated by well-developed moss 
layers of red-stemmed feathermoss, knight’s plume and step moss.  
 
The Sb – feathermoss is associated with the following BEC units: 
 

SBSmk1/06 
SBSwk1/12 
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GSA 26: Sloping Grasslands – Not found in TFL 30 

GSA 27: Sw – Horsetail – Not found in TFL 30 

GSA 28: Sw - Soopolallie – Not found in TFL 30 

GSA 29: Sw – Step moss – Not found in TFL 30 

GSA 30: Sw – Willow – Scrub birch – Not found in TFL 30 

GSA 31: Sxw – Crowberry – Not found in TFL 30  

GSA 32: Sxw – Devil’s club 
 
There are 43,365 ha of this GSA mapped in TFL 30. The Sxw – devil’s club site association 
is normally found on wet sites that are moderately well drained and have rich nutrient 
regimes.  Sites are often found on lower slopes or long mid slopes where seepage is present.  
Soil textures and parent materials are variable.   
 
Hybrid white spruce and subalpine fir dominate this site association.  Shrub and herbaceous 
layers are well developed and are dominated by devil’s club, thimbleberry and black 
gooseberry.  A moderate cover of herbs are present, with species that include lady fern, oak 
fern and foamflowers.  Mosses are sparse to abundant depending on local conditions, and 
may include red-stemmed feathermoss, knight’s plume, electrified cat’s-tail moss, and leafy 
mosses. 
 
The Sxw – Devil’s club is associated with the following BEC units: 
 

SBSmk1/08 
SBSvk/01 
SBSwk1/08 
SBSwk1/10 
SBSvk/07 
SBSvk/05 

GSA 33: Sxw – Hardhack 
 
There are 6,658 ha of this GSA mapped in TFL 30. The Sxw – hardhack association is found 
primarily on moist subhygric sites with fine-textured lacustrine materials.  Soils are usually 
mottled.  This association is usually found on flat or gentle sloping terrain.  The SBS 
expressions of this association are blue-listed, as less than 15,000 ha of this association has 
been mapped, with very little in the climax structural stage. 
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Tree composition on this site association is quite variable and may consist of hybrid spruce, 
pine, aspen or black spruce, or any combination of those species.  However, an old growth 
expression of the community will be dominated by hybrid white spruce and subalpine fir.  
Shrub layers are well developed as hardhack (pink spirea) dominates the understory, with 
prickly rose, black twinberry, and pyramid spirea also common.  In the SBPS, this 
association has significant scrub birch mixed in with the hardhack.  Common vegetation in 
the moderately developed herb layer include sweet coltsfoot, fringed aster, and bluejoint 
reedgrass.  The moss layer is usually greater than 50% cover, consisting of red-stemmed 
feathermoss, knight’s plume and some freckle lichens. 
 
The Sxw – hardhack is associated with the following BEC unit: 
 

SBSwk1/06 

GSA 34: Sxw – Horsetail 
 
There are 8,409 ha of this GSA mapped in TFL 30. The hybrid white spruce – horsetail 
community is the typical hygric association in the SBS, SBPS and the MSxv.  Although it 
normally occurs in small patches, over 195,000 ha of this association has been mapped in the 
Prince George TSA.  It is found on lower and toe slope positions with persistently high water 
tables.  Moisture conditions range from hygric to subhydric, and can be nutrient poor to very 
rich.  Soil texture is often fine, and organic veneers are usually present.  This association is 
found adjacent to narrow waterways or surrounding wetlands.  
 
Tree composition of the Sxw – Horsetail community is typically hybrid white spruce with 
occasional subalpine-fir.  Black spruce may be present in poorer nutrient expressions of this 
association.  The shrub layer is poorly to moderately developed, that often includes red-osier 
dogwood, mountain alder, black twinberry, and black gooseberry.  Abundant horsetails 
distinguish this site association.  Other herbs that may be found include trailing raspberry, 
lady fern and common miterwort.  
 
The Sxw – Horsetail is associated with the following BEC units:  
 

SBSmk1/09 
SBSvk/06 
SBSwk1/09 

GSA 35: Sxw – Huckleberry 
 
There are 4,561 ha of this GSA mapped in TFL 30. It is the dominant association of the 
SBSmk1, and it is also present as a relatively drier (submesic) association in the SBSwk1.  
Soils are typically medium textured.  This association is found on gentle to moderate steep 
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slopes, mid to upper slope position or level ground that is moderately well drained.  Parent 
material is commonly morainal deposits, although it can also be found on glaciofluvial 
materials. 
 
Hybrid white spruce with occasional subalpine fir is the climax forested community.  Seral 
lodgepole-pine forests dominate these sites that eventually develop into a Sxw-huckleberry 
association, due to the frequency of fires and slow development of successional stages.  
Shrubs and herbs are low and only moderately to poorly developed.  Common shrubs include 
black huckleberry, high-bush cranberry, and birch-leaved spirea.  Sitka alder may also be 
dominant in localized areas.  Herbaceous vegetation includes five-leaved bramble, palmate 
coltsfoot, and queens cup.  The moss layer is usually a well-developed carpet dominated by 
red-stemmed feather moss, step moss, electrified cat’s tail moss and knight’s plume. 
 
The Sxw – huckleberry is associated with the following BEC units: 
 

SBSmk1/01 
SBSwk1/05 

 

GSA 36: Sxw – Oak fern  
 
There are 68,475 ha of this GSA mapped in TFL 30. The hybrid white spruce – oak fern 
association is the most common GSA in  TFL 30, and is found on zonal and wetter sites, 
primarily on mid to lower, and toe positions.  In the SBSvk, it is found on submesic sites.  
Soils are medium to fine texture, with mesic to subhygric moisture regimes and medium to 
rich nutrients.   
Hybrid white spruce is the dominant tree layer mixed with subalpine fir.  Understory 
vegetation is moderately well developed, dominated by black twinberry, black gooseberry, 
thimbleberry, oak fern, trailing raspberry and foamflowers.  The moss layer is moderately 
developed with red-stemmed feathermoss, step moss and leafy mosses.  
 
The Sxw – Oak fern is associated with the following BEC units.  
 

SBSmk1/07 
SBSvk/04 
SBSwk1/01 
SBSwk1/07 

GSA 37: Sxw – Twinberry- Not found in TFL 30  

GSA 38: SxwFd – Prince’s Pine 
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There are 992 ha of this GSA mapped in TFL 30. The hybrid white spruce – Douglas-fir – 
prince’s pine site association can be found on level ground, lower to mid slopes, as well as on 
steep aspects, especially in the moist and wet variants.  The drought hazard can be high for 
this association due to drier climate conditions and presence of well-drained soils.  Soils are 
of variable texture, and parent materials are usually morainal, although sometimes fluvial.  
Steeper slopes may be colluvial parent material.  This site is associated with submesic to 
mesic moisture conditions.  
 
Depending on the available moisture retention of soils in the various units of this association, 
tree species may include Douglas–fir, lodgepole pine and hybrid white spruce.  Aspen and 
subalpine fir may also be found as a minor species on these sites.  Shrubs and herb layer 
development is moderate to poor and usually includes birch-leaved spirea, prickly rose and 
Herbaceous vegetation is dominated by pinegrass, prince’s pine, ricegrass, queen’s cup and 
twinflower.  There often is a continuous carpet-like moss layer of red-stemmed feather moss 
intermixed with knight’s plume, step moss and cat’s tail moss.  
 
The SxwFd – Prince’s Pine is associated with the following BEC units: 
 

SBSmk1/04 
SBSmk1/05 
SBSwk1/04 

GSA 39: SxwFd – Thimbleberry 
 
There are 246 ha of this GSA mapped in TFL 30. The hybrid white spruce – Douglas-fir – 
thimbleberry association is found on warm aspects in wet and very wet variants of the SBS.  
Soil texture and parent materials are variable, but typically are medium textured tills.  
 
Douglas-fir is the dominate tree species of this association, with variable amounts of pine, 
subalpine fir, and paperbirch.  The shrub and herb layers are moderately to well developed 
and include thimbleberry, black gooseberry, and Douglas maple.  Typical herb species 
include wild sarsaparilla, trailing raspberry, and peavine species.  Most site series found 
within this association are considered at risk. 
 
SxwFd – Thimbleberry is associated with the following BEC unit in the TFL: 
 

SBSvk/03 
 
 GSA 40: Treed Wetland 
 
There are 5,075 ha of this GSA mapped in TFL 30. The treed wetlands GSA includes all 
typical treed wetlands in TFL 30.  Tree development on this site is usually poorly developed 
due to subhydric moisture conditions, and poor nutrient availability.  Sites are found in low-
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lying depression areas.  The watertable is normally at or near the soil surface, and organic 
soils in various stages of decomposition are usually present.  
 
Treed wetlands are usually dominated by black spruce, but may include lodgepole pine, 
subalpine fir or hybrid white spruce, especially at the edges of upland forests.  Typical shrubs 
include Labrador tea, scrub birch and bog-laurel.  The herb layer may include wet indicator 
species such as sedges and bog cranberry.  Moss layers are predominately sphagnums, but 
may include red-stemmed feathermoss, glow moss or golden fuzzy fen moss.  
 
Richer treed wetlands may be dominated by hybrid white spruce, with understory vegetation 
that includes mountain alder, black twinberry, skunk cabbage, Labrador tea, horsetails, sitka-
valerian, and lady ferns.  

GSA 41: Waterbody 
 
There are 3,334 ha of this GSA mapped in TFL 30. Associated water bodies within the TFL 
have been grouped together and include any shallow open water, rivers, reservoirs, ponds, 
and lakes. 
 


