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1.0 INTRODUCTION 
 
In the last decade, biodiversity management guidelines, sustainable forestry management 
plans and forest stewardship plans have been developed in order to address biodiversity 
conservation in managed landscapes. However, for various reasons, most of these guidelines 
and ecosystem models/indicators have not been evaluated for their ability to conserve 
biodiversity in managed landscapes. As a result, resource managers have a difficult time 
answering basic questions raised by managers and public advisory groups, such as “are the 
original values of landscapes being conserved?”, “do we have managed landscapes with 
viable populations of coarse- and fine- filter species?”, and “ is the management plan 
effective?”. 
 
Monitoring biological diversity is a very complex and difficult process, especially over large 
areas (Mulder et al. 1999) such as the Prince George TSA. 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 biodiversity management plans 
(Madsen et al. 1999; Mulder et al. 1999;). In addition, when biodiversity management and 
monitoring programs are developed, statistical significance is often mistaken as having 
ecological relevance (Johnson et al, 1999).  
 
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 effectiveness 
monitoring plan proposed in this document should be utilized in association with these other 
monitoring programs. 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 processes. 
 
It is important to understand the different types of monitoring programs prior to discussing 
the details of effectiveness monitoring. A brief discussion on these monitoring options is 
provided in section 1.1.  

1.1 Biodiversity Monitoring Options 
 
Resource managers use a variety of monitoring techniques to evaluate the success of 
management plans, and there is often confusion about the types of monitoring that are used to 
assess different components of biodiversity conservation. Noss and Cooperrider (1994) 
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summarized the types of monitoring into four categories: compliance, implementation, 
effectiveness, and validation. The following descriptions of the monitoring types are based 
on Chapter 9 of Noss and Cooperrider (1994): 
 
Compliance monitoring is used to evaluate if legislation, regional standards or other 
regulations are being followed. For example, the Province of BC designates areas that are to 
be protected from resource extraction, and compliance monitoring is used to ensure that 
particular area does not have any forestry related activities occurring within its boundaries. 
Compliance monitoring is only useful in evaluating if managers and companies are doing 
what they are told to do by an outside agency. It tells us nothing about the objectives of the 
rules and regulations that are in place. 
 
Implementation monitoring is used to evaluate if specific management actions are actually 
carried out across the landbase. For example, a forest licensee may commit to maintaining 
40m3/ha of coarse woody debris (CWD) in specific cutblocks. Implementation monitoring is 
used to ensure that the targets for CWD are met across the operating areas. It does not 
evaluate why the CWD was maintained or whether the objectives of leaving coarse woody 
debris behind have been met. This type of monitoring is often confused with effectiveness 
monitoring. 
 
Effectiveness monitoring is used to evaluate if the objectives of particular management 
decisions are being met. Resource managers leave CWD in cutblocks, leave wildlife tree 
patches unharvested, maintain 20% of a planning area as old growth forest, along with many 
other management practices aimed at maintaining viable populations of wildlife across a 
landbase. Effectiveness monitoring evaluates whether the populations of wildlife across the 
landbase are actually healthy and viable, compared to a natural benchmark target for wildlife. 
If designed properly, effectiveness monitoring provides important feedback to resource 
managers to review their management practices. Indeed, effectiveness monitoring is a 
process of periodically collecting and using data to provide managers with an assessment of 
1) the status of biodiversity in a specific region, e.g. the Prince George Timber Supply Area 
(PGTSA), and 2) the actions taken to maintain such biodiversity across landscapes.   
 
Validation monitoring is used to evaluate whether there is a link between specific 
management practices and the overall results of biodiversity conservation. For example, if 
effectiveness monitoring determines that a wildlife population is declining, validation 
monitoring may evaluate whether this decline is resulting from forest management, access 
management, wildlife harvesting management, etc. Validation monitoring may also be used 
to compare different management approaches, or evaluating if new approaches to 
biodiversity management are an improvement over past methods. 
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1.2 Project Objectives 
 
FIA’s (2004) general objective for terrestrial and aquatic biological and physical monitoring 
is to evaluate the success of sustaining biodiversity by measuring specific indicators or 
biological/physical elements, and to contribute to adaptive management of forest practices. 
These objectives are best met by:  
 

1. Inventorying species and habitats in the PGTSA as well as noting their relationships; 
2. Distinguishing natural variations from abnormal changes; and  
3. Identifying cause-and-effect relationships between external developments and 

changes in the biological community. 
 
The objective of this project was to develop a long-term, comprehensive effectiveness-
monitoring program for the Prince George TSA taking into consideration the three points 
listed above. This program would form the basis for effectiveness monitoring discussions 
with key resource managers and members of the local Public Advisory Group. It would also 
be used to identify short and long-term monitoring requirements to evaluate how effectively 
biodiversity is being managed. The effectiveness-monitoring plan was designed to answer 
difficult questions about biodiversity management 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 functioning ecosystem, or a patchwork of dysfunctional habitats? 
 

Although these are tough questions to answer, this effectiveness monitoring program 
attempted to address them in a manner that will allow for easy implementation at both 
tactical and operational levels. Trying to address all biodiversity issues at the same time 
would likely result in failure. The proposed plan focused on specific issues for which 
monitoring can be effectively and efficiently conducted.  

1.3 Scope of the Project  
 
It is critical to define the scope of all biodiversity management projects, especially 
effectiveness monitoring programs that attempt to answer a wide breadth of ecological 
questions. This project will focus on monitoring biological diversity as defined and described 
by Canadian Standards Association (CSA, 2002). 
 
Specifically, the focus of this project will be on evaluating the success of managing the 
landscape for Criterion 1 in the CAN/CSA-Z809-02 Sustainable Forest Management: 
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Requirement and Guidelines. Criterion 1 is the ‘Conservation of Biological Diversity’ 
criterion, and defines 4 ‘Elements’ of biological diversity: 
 

Element 1.1 – Ecosystem Diversity 
Element 1.2 – Species Diversity 
Element 1.3 – Genetic Diversity 
Element 1.4 – Protected Areas and Sites of Biological Significance 

 
The effectiveness monitoring plan is designed to specifically evaluate if biological diversity 
is being conserved in the Prince George TSA, a 7.5 million hectare parcel of land in central 
British Columbia. The terminology associated with the scope of this project is defined in 
section 1.4. Aquatic ecosystems are excluded from the scope of this project, as it is 
anticipated that a separate plan will be required to evaluate the effect of forest management 
practices on aquatic ecosystems. It is possible that aquatic ecosystems will be incorporated 
into this plan over time; however, this monitoring plan focuses on terrestrial ecosystems. 

1.4 Defining Biodiversity and Ecosystems 
 
It is important for all users of biodiversity management and monitoring plans to understand 
how specific terminology is being used in reports and planning documents. Consistency is 
also important; therefore, we have selected definitions from key documents that are also used 
extensively in literature. In this report, the following definitions are used: 
 
Biological Diversity: (Environment Canada, 1995) 
 

• Often referred to as “biodiversity”, biological diversity refers to the variety of species 
and ecosystems on Earth and the ecological processes of which they are a part. 

• Three components of biodiversity are ecosystem, species and genetic diversity. 
• Ecosystems perform functions that are essential to human existence such as oxygen 

and soil production and water purification. 
 
Ecosystem: (Odum, 1971) 
 
a unit that includes all of 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. An ecosystem includes the following: 
 

• inorganic substances,  
• organic compounds,  
• climate regime,  
• producers (autotrophic organisms),  
• macroconsumers (large heterotrophic organisms such as animals), and 
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• microconsumers (small heterotrophic organisms such as bacteria and fungi 

1.5 Relationship to Existing SFMP’s 
 
An effectiveness monitoring plan evaluates the success of resource management decisions as 
they relate to conservation of biological diversity. The biodiversity management ‘plan’ for 
the Prince George TSA is currently a series of sustainable forest management plans 
(SFMP’s) that provide strategic and tactical guidance on biological conservation tools. The 
Prince George TSA has 3 SFMP’s, one for each Forest District in the TSA: 
 

• Fort St. James SFMP;  
• Prince George SFMP; 
• Vanderhoof SFMP. 

 
SFMP’s identify specific biodiversity values, indicators and targets, as agreed upon by all 
stakeholders on the landbase, primarily the forest licensees and a representative group of 
stakeholders called a Public Advisory Group (PAG). The biodiversity indicators developed in 
an SFMP are different than those developed for an effectiveness monitoring plan. They 
provide strategic guidance for forest managers by providing targets for landscape and stand 
development practices. Examples include indicators for:  
 

• percentage of area that is old forest; 
• distribution of young patched; 
• amount of stand level retention; and 
• amount of mule deer winter habitat harvested according to the approved ministry 

Order for Ungulate Winter Range 
 
It is apparent that these indicators provide very useful goals and targets for strategic, tactical 
and operational staff when they are making decisions that will shape the landscape of the 
future. However, these indicators individually or collectively do not demonstrate that 
biological diversity is being conserved.  
 
The biodiversity indicators developed in an SFMP, when taken as a group, are intended to 
demonstrate that biological diversity targets are being met on a landbase. The assumption 
that, if all biological diversity targets are being met then biodiversity is being conserved is 
too large an assumption to be credible scientifically. A functioning ecosystem is much more 
than the sum of its parts or the sum of the indicators used to evaluate those parts. An 
effectiveness monitoring plan is required to ensure that the strategic plans described in an 
SFMP are actually meeting the overall objective of conserving biological diversity.  
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1.6 General Methods 
 
When developing a biodiversity monitoring plan, there is a direct relationship between the 
level of certainty demanded and the cost to implement the program. (Botkin et al, 2000; 
Mulder et al, 1999; FEMAT, 1993; Madsen et al, 1999). When developing effectiveness 
monitoring tools described in this document, particular attention was paid to the practicality 
and cost efficiency of the overall plan. Informal discussions with various resource managers 
in Canada suggest that most effectiveness monitoring plans that are not implemented are too 
costly or are impractical. 
 
Developing an effectiveness monitoring plan for the Prince George Timber supply Area 
(TSA) is a significant challenge that requires planning and commitment from various 
stakeholders. This document proposes a strategy for evaluating if the various biodiversity 
management plans and actions across the Prince George TSA are actually effective and 
conserving biological diversity. The effectiveness indicators selected aim at satisfying 5 main 
categories of biodiversity indicators (adapted from Whitman and Hagan, 2003). Indicators 
are to be: 

• Relevant (causal relationship can be established); 
• Practical (is it cost effective, time sensitive, and implementable); 
• Scientifically defensible (credible science backs up results); 
• Wide ecological breadth (does it address complexity of landbase); and 
• Usable (decision makers can use results in adaptive management). 

 
The plan identifies and provides details for the following: 
 

• Clear goals, objectives or criteria, and indicators of success 
• Clear connections to forest planning and practices 
• Well-defined monitoring design and protocols 
• Specified feedback to forest management 

 
A stepwise approach was used to develop the effectiveness monitoring plan. The planning 
process for the monitoring plan itself included the following: 
 

1. Review existing higher level plans and commitments made by forest licensees in the 
Prince George TSA 

2. Define important terminology and identify the scope of the effectiveness monitoring 
plan 

3. Review existing effectiveness indicators, specifically as they relate to the CSA 
Criterion 1  

4. Identify method to stratify landbase into workable ecosystem groups  
5. Define ecosystem groups 
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6. Select optimal group of indicators that have the ability to demonstrate that ecosystem 
diversity, species diversity, genetic diversity and Protected areas and sites of 
biological significance are being conserved across the landbase 

7. Describe basic methods that should be used to develop and monitor each 
effectiveness indicator 

8. Describe a field program that coordinates all effectiveness indicator requirements 
9. Provide recommendations for the implementation of the monitoring plan  

2.0 LANDSCAPE STRATIFICATION 
 

Stratifying a landbase of over 7.5 million hectares into distinct but workable ecological units 
is a difficult task. There are many different options available to divide the landbase and 
several potential landscape inventories that could be used in the process. Options that were 
discussed included many combinations of the following classification schemes: 
 

• Forest Districts; 
• Landscape Units; 
• Natural Disturbance Units; 
• Biogeoclimatic Zones; 
• Biogeoclimatic Subzones; 
• Biogeoclimatic Variants; 
• Biogeoclimatic Site Series; 
• Biogeoclimatic Vegetation Alliances; 
• Representation Analysis Ecology Units; 
• Structural Stages; 
• Seral Stages; 
• Inventory Type Groups; 
• Leading Tree Species; 
• Stand age. 

 
After reviewing the various options available on the Prince George TSA landbase, it was 
agreed that a minor additional grouping of the biogeoclimatic vegetation alliances, combined 
with seral stage, was the most practical and defensible method of stratifying the landbase into 
ecosystems. Using this method, there are 41 units called Group Site Associations (GSAs), 
which are somewhat similar to vegetation alliances (Appendix I).  
 
The 41 GSAs and their associated BEC units are presented in Appendix I. Using the 
ecosystem mapping database in the Prince George TSA, we identified 834 ecosystems / 
mapping entities. Combining these into 41 GSA’s was accomplished using the BEC 
vegetation hierarchy provided by the Ministry of Forest and Range (Meidinger 2006). This 
allowed us to combine 841 map entities into 305 site series. These 305 site series were 
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grouped into 41 GSAs. The associated vegetation alliances are provided in Appendix 1 to 
demonstrate the relationship between vegetation alliances and the final GSA’s.  
 
The method of grouping these site series into vegetation alliances is based on vegetation 
ordination using original biogeoclimatic ecosystem plots installed by Ministry of Forests. 
Additional groupings and/or separations were completed based on local, expert ecological 
opinion. 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. 

2.1  Grouped Site Association Descriptions 
 
The 41 GSA’s identified through the landscape stratification process are integral to the 
effectiveness monitoring program. Many of the selected effectiveness indicators will rely on 
a well-stratified landbase in order to remain practical and credible. Three of the GSA’s are 
non-vegetated and will not be monitored in this program (anthropogenic, waterbodies, and 
non-vegetated). There are also 6 non-forested associations identified (alder-lady fern, alpine-
subalpine, avalanche tracks, non-forested floodplains, non-forested wetlands, and sloping 
grasslands). There are 32 distinct forested associations identified: 
 

• 7 high elevation subalpine fir associations 
• 4 boreal white spruce associations 
• 3 interior rainforest western redcedar associations 
• 2 interior rainforest western hemlock associations 
• 7 sub-boreal hybrid white spruce associations  
• 2 dry edaphic lodgepole pine associations 
• 2 dry climate Douglas-fir associations 
• 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. Descriptions for each climax association were developed to 
allow wildlife biologists to select indicator species associated with each GSA (see section 
3.1). These GSA descriptions are provided below. 
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2.1.1 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.  
 
The Act – Dogwood is associated with the following BEC units: 
 
 
 
 
 
 
 
 
 
 

2.1.2 GSA 2: Alder – Lady Fern 
 
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.  
 

SBSdk/08 
SBSdk/08a 
SBSdk08/b 
SBSvk/12 
BWBSdk1/12 
ICHmc1/05 
SBSwk1/13 
ICHwk4/10 
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The Alder – Lady Fern is associated with the following BEC units: 
 

ESSFwc3/AL 
ESSFwk1/51 
SBSmk1/00 
ESSFwk1/09 
SBSvk/51 
SBSwk1/00 
ICHwk4/00 
SBSvk/11 
ICHwk3/AL 
ICHvk2/AL 
ESSFwk2/AL 
ESSFwk2/00 
ICHvk2/00 
SBSmc2/00 

 

2.1.3 GSA 3: Alpine - Subalpine 
 
The Alpine - Subalpine unit includes all of the non-forested (or partially forested) alpine 
areas at above the treeline.  Typically, this is found above 1100m in the northern Fort St. 
James Forest District of the PG TSA, and 1400m in the north-east portion of the Prince 
George Forest District.  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. 
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2.1.4 GSA 4: Anthropogenic  
 
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 

 

2.1.5 GSA 5: Avalanche Tracks  
 
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.  

2.1.6 GSA 6: Bl – Cladonia 
 
The Subalpine-fir – Cladonia association is a high elevation forested ecosystem that is found 
on the driest sites, usually on ridge tops or cresting slopes.  Just under 90,000 ha have been 
mapped in the Prince George TSA.  Parent materials of this association typically are 
morainal, colluvial, or glacial fluvial origin and have moderate to coarse texture.  High 
percentages of coarse fragments may be found.  Soils are well to rapidly drained and have 
subxeric to very xeric moisture regimes.  Bedrock can often be found very close to the soil 
surface in this association.  
 
Lodgepole pine is the leading species in this association due to the drier edaphic conditions.  
Whitebark pine may be co-dominant in the ESSFxv, and subalpine fir may be found in the 
understorey or canopy of very old stands.  Understorey layers are very poorly developed, and 
are dominated by lichens and mosses.  Cladina, cladonia and coral lichens are abundant.  The 
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sparse shrub layer may consist of common juniper, and the occasional crowberry and 
kinnikinnick dwarf shrubs. 
 
The Bl – Cladonia is associated with the following BEC units: 
 

ESSFxv1/02 
ESSFmm1/03 
ESSFwv/02 
ESSFmv3/02 
ESSFmc/02 
ESSFmv3/08 
ESSFxv1/03 

 

2.1.7 GSA 7: Bl – Devil’s Club 
 
The subalpine fir – devil’s club community occurs in the ESSF zone and is normally found in 
middle to lower slope position.  Less than 50,000 hectares of this association have been 
mapped in the Prince George TSA.  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 units: 
          

ESSFmc/07 
ESSFmm1/06 
ESSFwk1/05 
ESSFwv/06 
ESSFmv2/05 
ESSFmv3/05 
ESSFwk2/04 
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2.1.8 GSA 8: Bl – Horsetail 
 
This high elevation forested community represents the wetter forested communities with 
hygric to subhygric site conditions.  Approximately 36,000 ha of this association have been 
mapped in the Prince George TSA.  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 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 units: 
  

ESSFmv2/06 
ESSFmv3/07 
ESSFmc/09 
ESSFmv1/05 
ESSFwv/08 
ESSFxv1/08 
ESSFmc/10 
ESSFwk1/06 
ESSFwk2/06 
ESSFwk1/07 
ESSFwv/09 
ESSFmm1/07 
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2.1.9 GSA 9: Bl - Huckleberry 
 
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.  Over 300,000 ha of this 
community have been mapped in the Prince George TSA, primarily at the northern end of the 
Fort St. James Forest District. 
 
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: 
       

ESSFmc/03 
ESSFmv1/03 
ESSFwk1/02 
ESSFmm1/02 
ESSFmv1/04 
ESSFmc/04 
ESSFmc/01b 
ESSFmc/01a 
ESSFmc/01 
ESSFmc/05 
ESSFwcp/FB 

 

2.1.10 GSA 10: Bl - Oak fern 
 
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.  With over 633,000 ha of this association mapped in the Prince George TSA, it is 
the most common subalpine fir leading association. 
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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: 
 

ESSFmm1/05 
ESSFwk2/03 
ESSFwk1/01 
ESSFmc/06 
ESSFwv/05 
ESSFmv2/04 
ESSFmv3/04 
ESSFwk1/03 
ESSFwk2/01 
ESSFwk2/02 
ESSFwk2/05 
ESSFwc3/01 
ESSFwk1/04 

 

2.1.11 GSA 11: Bl - Rhododendron 
 
The subalpine fir – rhododendron association is a common high elevation site that is typically 
found on morainal or glaciofluvial parent materials.  More than 545,000 ha have been 
mapped in the Prince George TSA.  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: 
     

ESSFmm1/01 
ESSFmm1/04 
ESSFwv/01 
ESSFwv/03 
ESSFwv/04 
ESSFmv2/02 
ESSFxv1/06 
ESSFmv1/01 
ESSFmv2/01 
ESSFmv3/01 
ESSFwc3/02 
ESSFxv1/01 
ESSFxv1/05 
ESSFxv1/04 
ESSFwcp/FR 

 

2.1.12 GSA 12: Bl – Valerian 
 
The subalpine fir – valerian association is another moderately wet community of higher 
elevations.  About 41,000 ha of this association have been mapped in the Prince George 
TSA.  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.  
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The Bl – Valerian is associated with the following BEC units: 
 
 

ESSFxv1/09 
ESSFwc3/03 
ESSFxv1/07 
ESSFmc/08 
ESSFwv/07 
ESSFmvp/FV 
ESSFwcp/FV 

 

2.1.13 GSA 13: Cw – Devil’s club 
 
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.  About 70,000 ha of this association are mapped in the Prince George 
TSA. 
 
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, 
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: 
 

ICHvk2/05 
ICHvk2/01 
ICHwk3/05 
ICHwk4/07 
ICHwk3/06 
ICHmc1/04 
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2.1.14 GSA 14: Cw – Oak fern  
 
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.  Approximately 95,000 ha of this 
association are in the Prince George TSA. 
 
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 units: 
 

ICHvk2/04 
ICHwk3/01 
ICHwk4/01 
ICHmc1/03 

 
 

2.1.15 GSA 15: Cw – Skunk cabbage  
 
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.  
 
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.  
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The Cw – Skunk cabbage is associated with the following BEC units: 
 

SBSvk/10 
ICHvk2/06 
ICHwk3/09 
ICHmc1/06 
ICHwk3/07 

 

2.1.16 GSA 16: Fd – Cladonia  
 
The Douglas-fir – cladonia site association is the driest association of the SBS subzones, and 
with very little summer frost events, Douglas-fir forests establish well.  The typical site is 
found on upper slopes and ridge crests, but may also be found on coarse, rapidly drained 
glaciofluvial terraces.  Parent materials are usually thin, with exposed bedrock throughout the 
association.  Soil texture is medium to coarse textured.  The moisture conditions are xeric or 
subxeric, and nutrient availability is very poor to medium.  
 
Douglas-fir is the leading canopy tree species.  Lodgepole pine or paper birch may also be 
present.  Shrub layers typically are poorly developed but may include common juniper, 
prickly rose, and birched-leaved spirea.  The herb layer is usually moderate with 
kinnikinnick, pinegrass and ricegrasses present.  Lichens are abundant, especially cladonia, 
reindeer, and peltigera species.  
 
The Fd – cladonia is associated with the following BEC units: 
 

SBSdw2/02 
SBSdw3/02 
SBSmh/02 
SBSmh/03 
SBSdw1/02 
SBSmw/02 

 

2.1.17 GSA 17: Fd – Pinegrass 
 
The Douglas-fir – pinegrass site association occurs on steep, south-facing aspects greater 
than 30%.  Sites are normally medium to coarse textured soils, with colluvial or morainal 
parent material.  Moisture regimes are submesic or subxeric and the nutrient regime is often 
medium.  These sites are on mid to upper slope positions, occasionally on crest slopes. 
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Douglas-fir is the dominant tree species, and lodgepole pine may also be present.  These sites 
usually support some large, veteran Douglas-fir trees, and are generally considered good 
ungulate winter range, due to the warm aspect and abundance of grasses.  The shrub layer is 
poorly to moderately developed and may include common juniper, soopollie, saskatoon and 
prickly rose.  The herb layer is dominated by pinegrass, but also includes minor amounts of 
showy aster, kinnikinnick and creamy peavine.  Mosses are moderate in some areas, while 
sparse to absent in others.  When present, feathermosses dominate.  Cladonia and reindeer 
lichens may be present, especially towards the crest of the slope. 
 
The Fd – Pinegrass is associated with the following BEC units:  
 

SBSmh/04 
SBSdw2/04 
SBPSmk/03 
SBSdw1/03 
SBSdk/04 

 

2.1.18 GSA 18: Hw – Cladonia 
 
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: 
 

ICHwk4/03 
ICHmc1/02 
ICHwk4/02 
ICHwk3/02 
ICHvk2/02 
ICHwk3/03 
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2.1.19 GSA 19: Hw – Step Moss 
 
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 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: 
 

ICHmc1/01a 
ICHmc1/01b 
ICHmc1/01 
ICHvk2/03 
ICHwk3/04 
ICHwk4/05 

 
 

2.1.20 GSA 20: Non-forested floodplain 
 
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.  
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2.1.21 GSA 21: Non-forested wetland 
 
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 
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.  
 

2.1.22 GSA 22: Non-Vegetated  
 
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 
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2.1.23 GSA 23: Pl – Cladonia 
 
The lodgepole pine – cladonia site association is found on dry sites throughout much of the 
Prince George TSA, including most SBS variants, ESSFmv1, MSxv and the SBPS zone.  
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 
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 
SBPSmk/02 
MSxv/02 
ESSFmv1/02 
SBSmc2/02 
SBSdk/02 
MSxv/03 
SBPSmc/02 
SBPSdc/02 
SBPSdc/02b 
SBPSdc/02a 
SBPSdc/03 
SBPSdc/03b 
SBPSdc/03a 
SBSdk/03 
SBSdw3/03 
SBSmc3/03 
SBSmk1/03 
SBSmc3/02 
SBSvk/09 
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SBSwk1/02 
SBSwk3/02 
SBSwk3a/02 
SBSmw/03 
SBSvk/02 
SBSwk1/03 
SBPSmc/01 

 

2.1.24 GSA 24: Pl – Pinegrass 
 
The lodgepole pine – pinegrass community is extensive in the SBPS, but is also found on 
drier than average sites in the SBSdw variants.  Parent materials are variable, often of 
morainal or fluvial origin.  The soils are well-drained and consist of poor to medium 
nutrients. 
 
The relatively high frequency of fires and slow rates of successional change maintain 
lodgepole pine as the dominant species on these sites.  Hybrid spruce and aspen may also be 
found on these sites, as a component of the understorey or scattered co-dominant trees.  The 
shrub layer is poor to moderately developed, dominated by velvet-leaved blueberry, prickly 
rose and soopolallie.  The herb layer on these sites include pinegrass, twinflower, and 
kinnikinnick.  Mosses are abundant, and are dominated by red-stemmed feathermoss. 
 
The Pl – pinegrass is associated with the following BEC units: 
 

SBPSmk/01 
SBPSdc/01 
SBSdw2/03 
SBPSmk/04 
SBSdw1/04 
SBSdw2/06 

 
 

2.1.25 GSA 25: Sb – Feathermoss 
 
The black spruce – feathermoss association is found on nutrient poor sites with cold soils and 
localized cold air ponding, throughout most zones and variants of the Prince George TSA.  
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.  
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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: 
 

ESSFmv3/03 
ESSFmv2/03 
SBSdk/BF 
SBPSdc/04 
SBSdw2/07 
SBSdw3/05 
BWBSdk1/02 
SBSmc3/05 
SBSmk1/06 
SBSwk3/05 
SBSwk3a/05 
SBSmc2/03 
SBPSmc/03 
SBSmc3/06 
SBSwk1/12 
BWBSdk1/07 
BWBSdk1/04 
SBSmc2/07 

 
 

2.1.26 GSA 26: Sloping Grasslands 
 
The sloping grasslands association is primarily found on steep, south-facing slopes in the 
SBSdk and BWBSdk1.  A minor amount of this association has been mapped in the 
SBSdw2, SBSdw3 and SBSmc2.  These sites are dominated by grasses or shrubs with little 
to no tree cover (usually <5%).  Sites are found on either medium textured glaciofluvial or 
glaciolacustrine materials, or on shallow soils over bedrock.  This is a rare ecosystem within 
the PG TSA.  Associated grass species include bluegrass, slender wheatgrass, and blue 
wildrye.  Common forbs may include western meadow rue, purple peavine, and fireweed.  
For shrub-dominated communities, Saskatoon, common snowberry and choke cherry are 
normally present. 
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The sloping grasslands is associated with the following BEC units: 
 

SBSdk/82 
BWBSdk1/81 
SBSdk/81 

 

2.1.27 GSA 27: Sw – Horsetail 
 
The Sw – Horsetail community is a wet and moderately rich, forested riparian association 
found on level to gently sloping sites in the SWB and BWBS zones.  Moisture regimes are 
hygric to subhygric, and nutrient regimes are medium to very rich.  Poorly drained organic 
veneers may be found on these sites, however, parent materials of fluvial origin predominate 
on these sites.  
 
White spruce is the dominant tree species in this association.  Typical shrubs include 
willows, Labrador tea, high-bush cranberry, and mountain alder.  The herbaceous layer is 
moderately developed and includes horsetails, crowberry, lingonberry, sedges, and red 
swamp current.  Mosses found on this site typically include glow moss, sphagnums, and 
knight’s plume.  
 
The Sw – Horsetail is associated with the following BEC units: 
 

SWBmks/SH 
SWBmk/09 
BWBSdk1/08 
BWBSdk1/11 

 

2.1.28 GSA 28: Sw - Soopolallie 
 
The Sw – soopolallie ecosystem is found on a wide range of sites within the BWBSdk1, 
found in the northeastern valley bottoms in the Fort St. James Forest District.  Although 
precipitation is low during the growing season, this site typically receives substantial winter 
precipitation.  The association is found on sites of variable slope position that include upper, 
lower and level sites.  Nutrient regimes are typically medium.  Moisture regimes range from 
subxeric to subhygric, but are usually mesic in the Prince George TSA.  Parent materials are 
medium to coarse textured till or glaciofluvial.    
 
White spruce dominates the climax of this association, with variable amounts of lodgepole 
pine.  Typically, lodgepole pine dominates the drier sites, with a shift towards white spruce 
on the mesic and subhygric sites.  Shrub layers are moderately developed and include 
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highbush-cranberry, prickly-rose, soopolallie, and willow species.  This association typically 
has less scrub birch and willow than the colder Sw – willow – scrub birch association.  Herb 
layers often are poorly developed but may include one-sided wintergreen, twinflower, and 
bunchberry.  Moss layers may be well developed and include red-stemmed feather moss, step 
moss and knight’s plume.  
 
The Sw – Soopolallie is associated with the following BEC units: 
 

BWBSdk1/01 
BWBSdk1/06 
BWBSdk1/03 
BWBSdk1/05 

 

2.1.29 GSA 29: Sw – Step moss 
 
The Sw – Step moss is found exclusively on dry, poor sites in the SWB zone in northern Fort 
St. James Forest District.  The harsh environment results in open forests with relatively short 
trees.  Parent materials are variable, as are the soil textures.  This site association is most 
common on mid to upper slopes, and on crest slope positions.  Nutrients on these sites are 
typically poor, while moisture regimes are mesic to subxeric. 
 
The Sw – step moss association is dominated by white spruce, although black spruce may 
dominate on northern aspects.  The shrub layer is moderately developed, with willow and 
scrub birch as the dominant shrubs.  Species found in the moderate to poorly developed herb 
layer include twinflower, artic lupin, crowberry, northern anemone and altai fescue.  The 
normally well-developed moss layer is dominated by step moss and red-stemmed 
feathermoss, with increasing reindeer lichens in the drier expressions of this association.  
 
The Sw – Step moss is associated with following BEC units: 
 

SWBmk/04 
SWBmk/03 
SWBmk/02 
SWBmk/05 

 

2.1.30 GSA 30: Sw – Willow – Scrub birch 
 
The Sw – willow – scrub birch association is restricted to the SWB zone in northern Fort St. 
James Forest District.  This is the most common community of the SWB, and typically has a 
mesic to subhygric moisture regime.  Slope positions of these sites are variable but include 
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level sites, and lower to upper slopes.  Soil texture and parent material are variable.  Sites 
may be medium to nutrient rich (relative to the BGC variant), and sometimes poor.  
 
White spruce is the dominant tree although depending on fire history, there may be 
significant components of lodgepole pine in older stands.  The shrub layer is well developed 
with willow, scrub birch, and Labrador tea dominating.  A less developed herb layer includes 
lingonberry, crowberry, and bluejoint grass.  The moss layer is well developed with step 
moss and red-stemmed feathermoss. 
 
The Sw – Willow – Scrub birch is associated with the following BEC units:  
 

SWBmks/SC 
SWBmk/01 
SWBmk/07 
SWBmk/08 
SWBmk/06 

 
 

2.1.31 GSA 31: Sxw – Crowberry  
 
The Sxw – crowberry site association is found in the very dry and very cold MS subzone at 
the southwestern extent of the Prince George TSA.  This association is generally found 
between submesic and subhygric moisture regimes and dominates the MSxv landscape.  Soil 
textures typically are medium to coarse textured.  In the Prince George TSA, only 3,300 ha 
have been mapped of this association. 
 
This site association is influenced by frequent fire events and slow successional 
development, resulting in seral-lodgepole pine stands dominating the landscape.  Hybrid 
spruce and occasional subalpine fir may be found on late successional stands.  The 
understory is typically very poorly developed and dominated by low shrubs such as 
grouseberry, crowberry, and kinnikinnick.  Red-stemmed feather moss and knight’s plume 
often form continuous mats.  
 
The Sxw – Crowberry is found in the following BEC units: 
  

MSxv/01 
MSxv/04 
MSxv/05 
MSxv/07 
MSxv/06 
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2.1.32 GSA 32: Sxw – Devil’s club 
 
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.  Almost 
400,000 hectares of this association have been mapped in the Prince George TSA. 
 
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: 
 

SBSmc2/09 
SBSmk1/08 
SBSmw/08 
SBSvk/01 
SBSwk1/08 
SBSwk3/07 
SBSwk3a/07 
SBSdw2/09 
ICHwk4/08 
SBSwk1/10 
SBSvk/07 
SBSvk/05 
SBSmh/07 

 

2.1.33 GSA 33: Sxw – Hardhack 
 
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. 
 
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 
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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 units: 
 

SBSmw/05 
SBSwk1/06 
SBSdw3/06 
SBPSdc/05 
SBPSmc/04 

 

2.1.34 GSA 34: Sxw – Horsetail 
 
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:  
 

MSxv/08 
MSxv/09 
SBPSdc/06 
SBPSdc/08 
SBPSmc/05 
SBPSmc/06 
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SBPSmk/07 
SBSdk/07 
SBSdw1/09 
SBSdw2/10 
SBSdw3/09 
SBSmc2/10 
SBSmc2/11 
SBSmc3/08 
SBSmh/09 
SBSmk1/09 
SBSmk1/09a 
SBSmk1/09b 
SBSmw/09 
SBSvk/06 
SBSwk1/09 
SBSwk3/08 
SBSwk3a/08 

 

2.1.35 GSA 35: Sxw – Huckleberry 
 
The hybrid white spruce – huckleberry site association is the most dominant association of 
the Prince George TSA, accounting for about 17% of the forested landbase, very close to 
1,000,000 ha in total.  It is the dominant association of the moist variants in the SBS, and it is 
also present as a relatively drier (submesic) association in wet variants.  It is found at lower 
elevations of the ESSFmv3, as well as on sandy terraces in the ICHwk4.  Soils are typically 
medium textured.  This association is found on gentle to moderate steep 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. 
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The Sxw – huckleberry is associated with the following BEC units: 
 

ICHwk4/04 
SBSmc2/01 
SBSmc3/01 
SBSmc2/04 
ESSFmv3/06 
SBSmk1/01 
SBSwk1/05 
SBSwk3/04 
SBSmc3/04 
SBSwk3a/04 

 

2.1.36 GSA 36: Sxw – Oak fern  
 
The hybrid white spruce – oak fern association 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.  This association is widespread in the wetter variants of the SBS, and is common 
throughout most of the other SBS variants.  There are approximately 630,000 ha of this 
association mapped in the Prince George TSA. 
 
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.  
 

SBSmh/08 
SBSdw3/08 
SBSmc2/06 
SBSmk1/07 
SBSmw/06 
SBSvk/04 
SBSwk1/01 
SBSwk3/01 
ICHwk4/06 
SBSdw1/08 
SBSmc2/08 
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SBSmw/07 
SBSwk1/07 

 

2.1.37 GSA 37: Sxw – Twinberry  
 
The hybrid white spruce – twinberry site association can be found on lower to upper slope 
positions.  This circum-mesic association is normally associated with medium to rich 
nutrients, although it can also be found in poorer nutrient sites.  The surficial materials and 
soil texture are variable.  330,000 ha of this association have been mapped in the Prince 
George TSA. 
 
The dominant tree species of this association is hybrid spruce or pine, with occasional long 
lasting aspen in the canopy.  The shrub and herb layers are somewhat variable depending on 
moisture and nutrient, although the association is normally quite diverse in the shrub and 
herb layers.  Typical shrub species include twinberry, spirea, prickly rose, soopollie, and 
sitka alder.  Peavines, coltsfoot, and trailing raspberry are common herbs.  The moss layer is 
moderate to poorly developed, primarily by red-stemmed feather moss and knight’s plume.  
 
The Sxw – twinberry is found in the following BEC units: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.1.38 GSA 38: SxwFd – Prince’s Pine 
 
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 SxwFd – prince’s pine is the dominant association throughout the dry, warm 
subzones of the SBS, with almost 750,000 hectares mapped in the Prince George TSA 
(Timberline, 2006).  The drought hazard can be high for this association due to drier climate 

SBPSmk/06 
SBSdk/01 
SBSdk/05 
SBSdk/06 
SBSdw1/07 
SBSdw2/08 
SBSdw3/07 
SBSmc2/05 
SBSmc3/07 
SBSwk3/06 
SBSwk3a/06 
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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: 
 

SBSdw2/05 
SBSmw/01 
SBSmk1/04 
SBSmw/04 
SBSwk1/04 
SBSdw1/01 
SBSdw2/01 
SBSdw3/01 
SBSdw1/05 
SBSdw3/04 
SBSmk1/05 

 

2.1.39 GSA 39: SxwFd – Thimbleberry 
 
The hybrid white spruce – Douglas-fir – thimbleberry association is the dominant community 
in the SBSmh and SBSwk3a.  It is also found on warm aspects in wet and very wet variants 
of the SBS and in the SBPSmk, as well as on warm, lower slopes in the SBSdw1.  Soil 
texture and parent materials are variable, but typically are medium textured tills.  
Approximately 29,000 ha of this association have been mapped in the Prince George TSA. 
 
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, Douglas maple and beaked hazelnut in the 
SBSmh.  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 units: 
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SBSmh/06 
SBSwk3a/01 
SBSmh/05 
SBSmh/01 
SBSwk3/03 
SBSwk3a/03 
SBPSmk/05 
SBSdw1/06 
SBSvk/03 

 
  

2.1.40 GSA 40: Treed Wetland 
 
The treed wetlands are the typical treed wetlands of the Prince George TSA.  Tree 
development on this site is usually poorly developed due to subhydric moisture conditions, 
and poor nutrient availability.  Sites are found in low-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.  
 

2.1.41 GSA 41: Waterbody 
 
Associated water bodies within the PG TSA have been grouped together and include any 
shallow open water, rivers, reservoirs, ponds, and lakes. 
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3.0 INDICATORS OF EFFECTIVENESS MONITORING 

3.1 Effectiveness Indicator 1: Continuous presence of indicator species in each site 
 association group (3-5 species) 

3.1.1 Description of Indicator 
 
Indicator Species:  a species whose presence indicates the presence of favorable 
environmental conditions for this species, and for other species with similar habitat 
requirements.  
 
This effectiveness indicator, together with effectiveness indicators 2 and 3, evaluate CSA 
criterion 1, Elements 1.1 and 1.2. As with sustainable forest management plan indicators, 
effectiveness indicators in isolation of the other indicators do not reveal the actual condition 
of biological diversity. The first three effectiveness indicators described here should be 
viewed as a group of indicators that together evaluate Elements 1.1 and 1.2 of the CSA 
guidelines. 
 
This indicator was selected primarily to identify specific or general upland or riparian 
habitats, and to assess the status of these habitats in managed landscapes. The concept of 
indicator species has been used as a coarse-filter approach to manage whole communities of 
species in complex ecosystems (Ruggiero et al. 1988, Wilcove 1993, McLaren et al. 1998, 
Proulx 2005). Ruggiero et al. (1988) considered that the degree of preference that some 
species show for various habitats can be used as a reliable measure of habitat dependency, 
and to identify late-successional stands that have greater potential for biodiversity 
conservation. For example, the Pacific Northwest Region of the USDA Forest Service has 
used coarse- and fine- filter species as ecological indicators for mature and old-growth 
forests with specific canopy and ground structural characteristics. Since it is unlikely that 
sufficient resources will ever be available to monitor all individual species and ecological 
communities with a high level of accuracy or precision, indicator species are a valuable 
alternative to identify environmental or habitat variables that are surrogates of many species, 
and evaluate biodiversity in GSAs.   

3.1.2 Identifying Indicator Species 
 
To identify indicator species, the following steps must be followed: 
 
• Identify the group of species from which indicators will be selected.  In this project, it is 

recommended to limit the selection of indicators to terrestrial vertebrates (amphibians, 
reptiles, birds, mammals) for which detailed information about ecological requirements is 
known. In the assessment of forest ecosystems, fish are poor indicators because they live 
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in a stream for a variety of reasons including streamflow levels, presence of food, 
temperature, none of which are directly linked to forest successional stages but depend on 
the entire stream length (Beaudry and Proulx 2006).  A few terrestrial species should be 
selected for the assessment of GSAs.  It is noteworthy to mention that, in the case of 
habitats that are strictly riparian, Beaudry and Proulx (2006) already identified a series of 
vertebrate indicators to assess the status of riparian forests along water bodies.  

• Identify potential indicator species on the basis of an extensive review of species’ 
habitats and ecological needs using scientific journals, books, symposia proceedings, and 
technical reports. Information should be related to western North American forests that 
are similar to those encountered in PGTSA. For the selection of species in the PGTSA, 
the following publications are of particular importance in the classification of species 
according to seral stages and GSAs: Green and Campbell (1984), Gregory and Campbell 
(1984), Campbell et al. (1990, 1991, 1997, 2001), Nagorsen and Brigham (1993), 
Nagorsen (1996, 2005), Proulx (2000a,b,c), and Proulx et al. (2002, 2004). 

• Classify species into early-, mid- or late- successional stages (or a combination thereof). 
A sub-selection is required to identify species that are associated almost exclusively with 
a particular successional stage.  

• Classify species associated with specific successional stages according to GSAs (Section 
2.0).  

• Gather the following information: 
- species that are found in a greater number of GSAs; 
- using a cross-matrix, species that best represent other species from a GSA point of 

view; 
- habitat features that are judged vital to the welfare of species; 
- species with the greatest number of habitat features; and 
- using a cross-matrix, species that best represent other species from a habitat 

feature point of view.  
• Select “best” species indicators after integrating the above-noted information. 

3.1.3 Selection of Indicator Species for PGTSA 
 
Table 1 shows the distribution of species among seral stages (one species may be found in 
more than one seral stage) in PGTSA.  There are 52 and 43 species which are exclusively or 
more often associated with early- and late- successional stages, respectively.  Only one 
species is found more often than usual in mid-successional stages (Table 1; see Appendix I, 
Worksheets 1, 2, 3). 
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Table  1.  Distribution of species according to successional stages in the PGTSA. 
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 

3.1.3.1 Determination of early-successional indicator species  
 
Only a few species are 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 (Appendix II, Worksheet 5). 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 (Appendix II, Worksheet 5).   We identified 15 important habitat features for early-
successional species (Appendix II, Worksheet 6). The presence of shrub/brush was the most 
important feature for early-successional species. It was followed in order of decreasing 
importance by open areas, grass/weeds, and forest edge.  Most other features were important 
for a few species only. 
 
The Striped Skunk and the Meadow Vole, because of their presence in most GSAs, and their 
capability to represent many other species, are obvious indicator species for seral stage 
biodiversity. Shrub/brush and grass/weeds are important habitat features for the skunk. 
Grassy environments are important habitats for the Meadow Vole.  
 
The sparrows are found in most GSAs and, as a group, their distribution encompasses those 
of 27 early-successional species.  Shrub/brush, grass/weeds, and forest edge are 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. It is noteworthy to mention that the Chipping Sparrow and 
the White-crowned Sparrow are abundant in the PGTSA. The Clay-colored Sparrow is 
present, but likely at lower densities (Campbell et al. 2001). 

3.1.3.2 Determination of mid-successional indicator species  
 
The great majority of species found in mid-successional stands are present in either early- or 
late- successional stands (Proulx 2006a) (Appendix II, Worksheets 1, 2, 3).  The Sharp-
shinned Hawk is, however, a species known to be particularly associated with young forests 
(Appendix II, Worksheet 7). Unfortunately, as a raptor, it exists at low densities (Davis et al. 
1999), and is not an ideal indicator of mid-successional stages.  
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3.1.3.3 Determination of late-successional indicator species  
 
Many species are 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 represent the greater number of species (Appendix 
II, Worksheet 8).  It is interesting to note that marten, because it is generally absent of stands 
with less structural complexity (e.g., a dominance of pine, swampy forest), it is representing 
a few species only with an exact distribution with GSAs. On the other hand, when species are 
evaluated on the basis of important habitat features, American Marten and Fisher represent 
the most species (Appendix II, Worksheet 11). 

3.1.3.4. Summary of indicator species in PGTSA 
 
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, we recommend 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 Creeper. 
 
Interestingly, 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 2006a). It is also ascertained by a previous selection of indicator species by Proulx 
(2000d) in central BC, and Ruggiero et al. (1988) in western USA. 

3.1.3.5 Indicator species exclusive to riparian habitats  
 
Beaudry and Proulx (2006) proposed a series of indicators for early-, mid-, and late- 
successional riparian habitats. For all of them, they identified Mink and Long-tailed Weasel 
with the most potential to represent species in all successional stages.  They also identified 
Eastern Kingbird for late-successional habitats, although this species’ densities in PGTSA 
may be too low to justify using it as an indicator.  

3.1.4 Monitoring Current & Long-term Status 
 
To monitor this indicator, the following steps are recommended: 
• Predict the distribution of indicator species according to specific habitat attributes (e.g., 

Proulx et al. 2006) within successional stages1.   

                                                 
1 Habitat models often rely on posteriori correlations between measures of use by animals and arbitrary 
classifications of habitats or ecosystems (Mitchell and Powell 2003). Modeling as used in this way is the 
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• Use a stratified random sampling approach to verify the distribution of indicator species 
in GSAs’ early- and late- successional stages. 

• Monitor the distribution of indicator species over time. 

3.2 Effectiveness Indicator 2: Continuous presence of species indicators in each site 
 association group (3-5 habitat features) 

3.2.1 Description of Indicator 
 
Species Indicator: habitat components whose presence is indicative of habitat conditions 
sough by given species and communities. 

 
Since forestry companies have the responsibility of managing habitats, and forestry datasets 
often relate to vegetation and physical characteristics of sites, species indicators may be used 
advantageously to manage and monitor biodiversity. Thomas (1979) reviewed a series of 
habitat characteristics associated with sustained biodiversity, such as plant communities and 
successional stages, riparian zones, edges, snags, dead and downed woody debris, and 
diverse other habitat features. Ruggiero et al. (1991) and Berg et al. (1994) established strong 
relationships between species richness and some of these habitat characteristics. Proulx 
(2006b) and Proulx et al. (2006) used these habitat characteristics to define and predict the 
winter range of species such as American marten (Martes americana) and fisher (Martes 
pennanti). 
 
This effectiveness indicator, together with effectiveness indicators 1 and 3, evaluate CSA 
criterion 1, Elements 1.1 and 1.2. As with sustainable forest management plan indicators, 
effectiveness indicators in isolation of the other indicators do not reveal the actual condition 
of biological diversity. 

3.2.2 Identifying Species Indicators 
 
To identify species indicators, the following steps must be followed: 
 
• Identify a group of habitat features that are essential components of early- and late- 

successional species habitats.  For PGTSA, a series of habitat features (Table 3, 
Appendix II, Worksheets 1, 3) were determined on the basis of previous reviews and 
studies (Thomas 1979; Cooperider 1986; Bunnell et al. 1999; Beaudry and Proulx 2006; 
Proulx 2000a,b,c, 2005, 2006b; Proulx et al., 2004, 2006).  It is noteworthy to mention 

                                                                                                                                                       
method of retroduction (Romesburg 1981). Not only is this poor science, but it assumes, usually without testing, 
that the classification schemes developed by the researchers accurately represent the ecological currency used 
by animals to make decisions (Mitchell and Powell 2003). We strongly recommend avoiding habitat models 
that rely on posteriori correlations. 
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that, in the case of habitats that are strictly riparian, Beaudry and Proulx already 
identified a series of vertebrate indicators to assess the status of riparian forests along 
water bodies.  

• For each successional stage, identify habitat features that are most frequently found in 
species’ habitats.  

3.2.3 Selection of Species Indicators for PGTSA 
 
Table 2 shows the number of species with habitats including specific habitat features in 
PGTSA (see Appendix II, Worksheets 1 and 3 for details). Habitat features that were the 
most frequently encountered in early-seral species habitats were shrub/brush, open areas, 
grass/weeds, and forest edge (Table 2). In late-successional stages, the presence of forest, 
particularly coniferous and mixedwood, snags, a canopy closure ≥ 30%, and large trees were 
the most frequent habitat features.  
 
Table 2.  Number of species with habitats including selected habitat features. 

Habitat features Number of species with habitats including this feature  
Early-successional stage 

Agricultural fields 4 
Cliffs 2 
Deciduous species 2 
Emergent vegetation 5 
Forest edge 12 
Grass/weeds 16 
Mud flats, sandy shores 1 
Open areas 20 
Sandy clay/soil banks 1 
Water 3 
Shrub/brush 23 
Snags 3 
Swampy forests 3 
Woody debris 2 
None 2 
Late-successional stage 
Basal area ≥20m2/ha in mature trees 7 
Coniferous stand 40 
Cottonwood (large and decrepit) 4 
Cliff 1 
Canopy closure ≥30% 17 
Deciduous stand 19 
Forest edge 12 
Large trees 14 
Mixedwood stands 36 
Rocks 2 
Shrub/brush 10 
Snags & cavities/wildlife trees 23 
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Tree roots 3 
Woody debris 6 
Lichens 2 
 

3.2.4. Summary of species indicators in PGTSA 
 
Little is known about the critical elements of several species.  For this reason, we recommend 
that the vegetation and structure composition of inventoried sites be recorded during species 
inventories in GSAs (e.g., Section 3.1).  Information on the following habitat features must 
be recorded: 
• Early successional: shrub/brush, open areas, grass/weeds, and forest edge. 
• Late-successional: forest (particularly coniferous and mixed), canopy closure, snags, 

large trees. 

3.2.5 Species indicators exclusive to riparian habitats  
 
Beaudry and Proulx (2006) proposed a series of indicators for early-, mid-, and late- 
successional riparian habitats. For early-successional stages along streams and rivers, they 
identified forest edge, large woody debris, shrubs, water temperatures <15oC, clean and 
oxygenated water, and medium-sized gravel with intra-gravel flow. Along lakes, ponds and 
wetlands forest edge, shrubs, and organic detritus sources were the most important species 
indicators.  For mid- and late- successional stages, along streams and rivers, Beaudry and 
Proulx (2006) identified forest (conifer, deciduous and mixed), forest edge, snags/wildlife 
trees, woody debris, shrubs, water temperatures <15oC, clean and oxygenated water, 
medium-sized gravel with intra-gravel flow. Along lakes, ponds and wetlands, they 
recommended most of these indicators plus organic detritus sources.  There are marked 
similarities between the species indicators identified here, and those identified by Beaudry 
and Proulx (2006). 

3.2.6 Monitoring Current & Long-term Status 
 
To monitor this indicator, the following steps are recommended: 
• Use predictive distribution maps developed in Section 3.1. Verify the presence of  

indicator species in excellent- and high- quality polygons vs. medium- and low- quality 
polygons. 

• Once the classification of polygons according to a predictive query has been confirmed, 
sub-sample polygon types and inventory species indicators identified above.  

• Compare the frequency and characteristics of selected species indicators among 
polygons, and correlate it to the occurrence of indicator species identified in Section 3.1. 

• Monitor the distribution of species indicators over time. 
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3.3 Effectiveness Indicator 3: Representative ecosystems are present in non-
 harvestable areas and are maintained over time. 

3.3.1 Description of Indicator 
 
This effectiveness indicator, together with effectiveness indicators 1 and 2, evaluate CSA 
criterion 1, Elements 1.1 and 1.2. This indicator was selected primarily to evaluate the 
effectiveness of using various ecosystem representation analyses (ERA) as a means of 
maintaining ecosystem diversity across a landbase. ERA has been (or is currently being 
completed) for the Prince George TSA, and is now commonly used as a coarse-filter 
approach to conserving species that are not well understood (Huggard, 2004). This 
effectiveness indicator directly evaluates the main objective of CSA Criterion 1, Element 1.1 
– Ecosystem Diversity, which is to maintain the variety of communities and ecosystems on 
the landbase. 
 
This ERA approach to conservation relies heavily on: 
 

• properly defined ecosystems that are ecologically relevant,  
• accurate spatial identification of non-harvestable areas, and  
• reliable baseline ecosystem inventories on the landbase.  

 
Moreover, while the concepts behind ERA may be objective, interpreting the results of the 
analysis can be very subjective, especially without field validation of the final. It is therefore 
of utmost importance to evaluate if all ecosystems are represented in non-harvestable areas 
are and remain present over time.  

3.3.2 Monitoring Current Status 
 
To monitor this indicator, the following steps are recommended: 

• complete a ‘shadow’ ecosystem representation analysis based on the 41 GSA’s,  
o use a spatially accurate and precise coverage of the non-harvestable areas in 

the Prince George TSA.  
• Field validate random areas of the non-harvestable landbase to determine: 

o if the values / ecosystems attributed to the non-harvestable areas are present,  
o assess if the ecosystems are functioning normally, and  
o monitor these values over time. 
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3.4 Effectiveness Indicator 4: Genetic Diversity Maintained in Representative 
 Species 

3.4.1 Description of Indicator 
 
This indicator was selected to stress the importance of preserving genetic diversity in 
populations subjected to landscape fragmentation, and reduction in habitat size. Knowing 
about genetic diversity allows one to determine long-term population viability. Genetic 
variation is important because traits associated with fitness are generally correlated with 
genetic variation, such as growth and development, fertility, survival, disease resistance, and 
metabolic efficiency (Allendorf and Leary 1986, Falconer and MacKay 1996). The goal is to 
identify representative animal species, and monitor the genetic diversity of their 
population(s) over time. 

3.4.2 Identifying Coarse and Fine Filter Species 
 
Coarse- and fine- filter species used as indicators of maintenance of genetic diversity in 
managed landscapes should be related to previous indicators (e.g., Section 3.1). To this 
effect, American marten and fisher are ideal for the following reasons: 

• These are important mesocarnivores in the food chain, and their presence is indicative 
of biodiversity-rich late-successional forests (Proulx 2006a,b). 

• These furbearers are present all year round and require good connectivity across 
landscapes to establish effective home ranges and disperse.  

• The requirements of high profile species such as American marten (a coarse-filter 
species) and fisher (a fine-filter species)  are well understood and can be used to 
gauge habitats quality for birds and other vertebrates requiring old/mature coniferous, 
and mixed forests, complex ground structure, and regenerated habitats with dense 
shrub cover and coarse woody debris. 

• Marten and fisher are easily captured during the fur trapping season. Therefore, their 
origin is spatially known. 

• Finally, genetic markers exist for these species, and can be used advantageously in 
genetic analyses. 

3.4.3 Monitoring Current Status 
 
To monitor the current status of genetic diversity in marten and fisher populations, the 
following steps are recommended: 

• Collect marten and fisher carcasses in sites inventoried in Section 3.1. Carcasses 
should therefore originate from managed and undisturbed control areas.  
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• Individual characteristics, age and sex structure of trapped populations, and 
reproductive data should be collected as they are related to the genetic traits of 
populations. 

• Several recently developed analytical methods provide a means of assessing the 
demographic history of populations, and genetic diversity (DeYoung and Honeycutt 
2005). 

• Compare data among seral stages, GSAs, levels of fragmentation, etc. 
• Establish benchmarks of genetic diversity for these species. 
• Over time, compare genetic diversity to original benchmarks. 

3.5 Effectiveness Indicator 5: Genetic Transfer Continues Along Designated Wildlife 
 Movement Corridors 

3.5.1 Description of Indicator 
 
This indicator relates to maintaining genetic diversity across landscapes (CSA Element 1.3). 
This Element is intrinsically related to connectivity corridors across landscapes. Animal 
movements are not random and it is important to evaluate the factors that favor animal 
movements and genetic transfer between populations. 

3.5.2 Identifying Coarse and Fine Filter Species 
 
It is recommended that marten and fisher be used to monitor genetic transfer along wildlife 
corridors, for similar reasons as presented in Section 3.4.2.  

3.5.3 Monitoring Current Status 
 
To monitor the current status of animal movements and genetic flow across the landscape, 
the following steps are recommended: 

• Investigate the movements of radio-collared martens and fishers from populations 
used in genetic analyses.  

• Inventory connectivity corridors that are used by radio-collared individuals. Particular 
attention must be paid to the physical characteristics of corridors, their composition, 
and their context within managed landscapes. 

• Collect carcasses of martens and fishers in sites that are inventoried in Section 3.1, 
and are interconnected across the landscape by connectivity corridors. 

• Using genetic markers that are uniparentally inherited (e.g., female-inherited 
mitochondrial DNA or male-inherited Y-chromosome markers), and nuclear DNA 
microsatellite markers (derived from both sexes), study patterns of dispersal (Scribner 
et al. 2001). 
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• Estimate the effective spatial extent beyond which continuous populations are 
independent. This may involve spatial autocorrelation of allele frequencies (Diniz-
Filho and Telles 2002).  

3.6 Effectiveness Indicator 6: Maintained Presence of Species at Risk and Sensitive 
 Ecosystems in SAR Management Zones 

3.6.1 Description of Indicator 
 
This indicator assesses whether species and plant communities at risk, and their spatially-
known locations, are maintained over time in PGTSA. It is directly related to CSA Element 
1.4, as species at risk habitat and plant communities at risk are considered sites of biological 
significance. It is critical to separate species and communities at risk from generic indicator 
species because of the immediacy and vulnerability associated with managing at risk entities. 

3.6.2 Spatially Identifying Species and Communities at Risk, and their habitats 
 
There are 28 animal species, 39 vascular plant species, and 70 plant communities at risk in 
the PGTSA (Proulx and Bernier 2006). For each of them, habitat and distribution have been 
documented or inferred on the basis of limited observations (Bernier and Proulx 2006, Proulx 
and Bernier 2006), or have preliminary mapping exercises completed in portions of the 
Prince George TSA. 

3.6.3 Monitoring Current Status 
 
To monitor this indicator, the following steps are recommended: 

• Field validate the presence of species and plant communities at risk across their range 
of distribution: 

- Species/plant communities with extensive distributions: sub-sample using 
predictive distribution maps (e.g., Proulx 2006b,c, Proulx et al. 2006, 
Timberline 2006). 

- Species/plant communities with limited distributions: sample known sites and 
surroundings (Bernier and Proulx 2006, Timberline 2006). 

• For each site occupied by species and plant communities at risk, describe habitats, 
context, and possible threats. 

• Identify site-specific conservation measures that must be taken to maintain SAR. 
• Regularly monitor values and recommendations over time.  
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3.7 Effectiveness Indicator 7: Values Associated with Protected Areas and Sites of 
 Special Biological Significance are maintained over time 

3.7.1 Description of Indicator 
 
The objective of CSA criterion 1, Element 1.4 is to identify protected areas and sites of 
biological significance, and ensure these areas are maintained over time. Protected areas and 
sites of biological significance have been identified through public and government processes 
because they have one or more characteristics or values that are designated worthy of 
conservation. Identifying these areas on a map and then avoiding these areas is typically the 
only management practice associated with these special sites. However, there is no 
mechanism in place to evaluate if forest management practices and activities in the same area 
or adjacent ecosystems are affecting the presence or functionality of the protected area. This 
indicator will directly assess whether the specific values attributed to protected area and sites 
of biological significance are maintained over time.  

3.7.2 Monitoring Current Status 
 
To monitor this indicator, the following steps are recommended: 

• Identify precise areas and specific values associated with each protected area in the 
Prince George TSA 

• Identify precise areas and specific values associated with each site of biological 
significance in the Prince George TSA 

• Solicit input from the public as to whether all known sites of biological significance 
have been identified 

• Field validate the presence and functionality of protected areas 
• Develop baseline ecological database about each of these areas 
• Confirm the presence of values attributed to each protected area or site of biological 

significance is present over time 
 

4.0 RECOMMENDATIONS, AND INTEGRATION OF MONITORING 
REQUIREMENTS 

 
This document establishes a strong foundation to implement a comprehensive effectiveness 
monitoring program in the near future.  However, such a program is complex and expensive, 
and requires a long-term commitment from stakeholders.  It is therefore necessary that this 
report be reviewed and discussed with forestry company representatives, Public Advisory 
Groups, and government agencies. Therefore, we recommend that this report be further 
detailed (e.g., review of scientific studies to further justify the contents of this report, 
development of protocols, integration of studies that are currently underway in the TSA, etc.) 
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in the near future following discussions with, and acceptation by, interested parties. For this 
reason, we recommend that the implementation of effectiveness monitoring be pursued after 
all stakeholders are able to review this document, and a final, all-inclusive document is 
produced.   
 
A sample schedule for the implementation and integration of monitoring requirements 
associated with Indicators 1 to 7 is represented in Table 3. Realistically, this type of table 
should be reassessed on a yearly basis to take into account funding and progress reports. 
 
Table 3. Proposed schedule to implement monitoring requirements. 

Season/year Indicator 
Fall Winter Spring Summer 

Finalization  of 
effectiveness 
monitoring 
program 

2006 
1. Meetings an discussions 
with stakeholders. 
2. Production of a detailed 
effectiveness monitoring 
program with field 
protocols.  
 
 

2006 
1. Develop predictive maps for:                                                                     
- early-successional indicator species 
- late-successional indicator species after integrating 
previous work by Proulx (2006a,b,c), and Proulx et al. 
2006). 
2. Identify inventory sites for early- successional species 
throughout GSAs. 
3. Identify inventory sites for late- indicator species  
throughout GSAs. 
4. Develop predictive maps for riparian indicators. 

2006 
1. Meetings an discussions 
with stakeholders. 
2. Production of a detailed 
effectiveness monitoring 
program with field 
protocols.  
 
 

Indicator 1 200720082009 
1. Inventory of riparian 
indicator species  and 
species indicators 
throughout GSAs. 
 

200720082009 
1. Inventory of late-
successional indicator 
species throughout GSAs. 
 

200720082009 
1. Inventory early-
successional indicator bird 
species (late spring).   

200720082009 
1. Inventory early-
successional indicator 
mammal species (late 
summer).   

Indicator 2  200720082009 
1. Inventory of late-
successional species 
indicators throughout GSAs 
(using predictive maps for 
indicator species). 

  

Indicator 3  2006  
Complete a ‘shadow’ 
ecosystem representation 
analysis based on the 41 
GSA’s 

2007 
Field validate NHLB 

 

Indicators  
4 & 5 

200720082009 
1. Coordinate a capture-
recapture, radio-tagging of 
furbearer species. 
2. Follow animal 
movements 
 
 
 
 
200720082009 
1.Coordinate a spatio-
temporal collection of 
furbearer carcasses 
throughout GSAs. 
2. Develop a genetic 
analysis schedule. 
 

200720082009 
1. Follow animal 
movements 
2. Backtrack the movements 
of radio-tagged animals to 
understand 
microenvironment selection 
and tortuosity of 
movements.  
 
200720082009 
1. Collection of genetic 
samples 
2. Analysis of samples.  
3. Inventory corridors used 
by animals. 
 

  
 
 
 
 
 
 
 
 
 
200720082009 
1. Inventory corridors used 
by animals. 
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Season/year    Indicator 

Fall Winter Spring Summer 
Indicator 6  

 
 
200720082009 
Verification of SAR sites 

 
 
 
200720082009 
Verification of SAR sites 

 
 
 
20082009   
Verification of SAR sites 

2007 
 Development of 
predictive maps for  SAR                                                                  
 

Indicator 7  
 
 
 
 
 
 
 
 
20082009 
1. Coordination for 
inventories throughout 
Protected Areas and Sites 
of Biological Significance 

2007 
Public hearings regarding 
potential Protected Areas 
and Sites of Biological 
Significance 
Mapping of Protected Areas 
and Sites of Biological 
significance 
 
20082009 
1. Assessment of Protected 
Areas and Sites of 
Biological Significance 
 

 
 
 
 
 
 
 
 
 
20082009 
1. Assessment of Protected 
Areas and Sites of 
Biological Significance 
 

 
 
 
 
 
 
 
 
 
20082009 
1. Assessment of Protected 
Areas and Sites of 
Biological Significance 
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APPENDIX I 
 Grouped Site Association Key 

 
GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 

1 Act - Dogwood not available Act - Dogwood - Prickly rose SBSdk/08 
      Act - Dogwood - Prickly rose, High-bench SBSdk/08a 
      Act - Dogwood - Prickly rose, Medium-bench SBSdk08/b 
      ActBl - Devil's club SBSvk/12 
      ActSw - Red-osier dogwood BWBSdk1/12 
      ActSx - Dogwood ICHmc1/05 
      ActSxw - Red-osier dogwood SBSwk1/13 
       ICHwk4/10 

2 Alder - Lady fern not available Alder - Lady fern ESSFwc3/AL 
        ESSFwk1/51 
        SBSmk1/00 
        ESSFwk1/09 
        SBSvk/51 
        SBSwk1/00 
      Alder - Lady fern seepage slopes ICHwk4/00 
      Mountain alder - Lady fern SBSvk/11 
      non defined ICHwk3/AL 
      Sitka Alder - Lady fern ICHvk2/AL 
        ESSFwk2/AL 
        ESSFwk2/00 
        ICHvk2/00 
        SBSmc2/00 

3 Alpine - Subalpine not available Birch - fescue SWBmks/SA 
      Birch - Vaccinium SWBmks/BV 
      Bl - Mountain-heather ESSFmmp/BH 
      Bog birch - Comon coral lichen SWBmks/FV 
      Bracted louse-wort - Palmate coltsfoot ESSFwcp/LC 
      Cryptogam - Altai Fescue ESSFmvp/VG 
      Fescue - arctic lupine SWBmks/FA 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
      Heather - Lichen dry meadow ESSFwcp/HL 
      Heather - Lichen meadow (Dry heath meadow) AT/HL 
        BAFA/HL 
      Heather - Valerian mesic meadow ESSFwcp/HV 
      Hellebore-Sedge-Bluejoint seepage meadow AT/HB 
      Leaterleaf saxifgrage - Sedge wetland AT/SS 
      Mountain-avens - Dwarf willow AT/AW 
        BAFA/AW 
      Mountain-heather - Leafy liverwort snowbed comm. AT/MH 
      Mountain-heather - Partridgefoot AT/HP 
        BAFA/HP 
        ESSFmmp/HP 
      non defined ESSFmcp/BM 
        ESSFmcp/FV 
        ESSFmcp/JC 
        ESSFmcp/SS 
        ESSFmcp/VG 
        ESSFwvp/BV 
        ESSFwvp/FA 
        ESSFwvp/FB 
        ESSFwvp/FH 
        ESSFwvp/FL 
        ESSFwvp/FR 
        ESSFwvp/FV 
        ESSFwvp/HL 
        ESSFwvp/HV 
        ESSFwvp/LC 
      Sedge - Juniper - Cladina ESSFmvp/JC 
      Subalpine fir - Black huckleberry - Sitka valarian ESSFmvp/SS 
      Subalpine fir - Globeflower SWBmks/FG 

      
Subalpine fir - Mountain arnica mesic meadow (Mesic 
forb meadow) ESSFwcp/FA 

      Subalpine fir - Mountain Heather ESSFmvp/BM 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
      Willow - Mountain arnica meadow ESSFmmp/WA 
      Wooly pussytoes - Heather dry meadow ESSFmmp/PH 
      Bl - Heather - Lichen dry krumholz forest ESSFwcp/FL 
      Bl - Heather krummholz AT/FH 
        BAFA/FH 
        ESSFmmp/FH 
        SWBmks/FH 
      Bl - Heather mesic krumholz forest ESSFwcp/FH 

4 Anthropogenic not available Mine ATun/MI 
        ESSFmvp/MI 
        SBSdw3/MI 
        SBSmc2/MI 
      non defined ICHvk2/RZ 
      Railway Surface SBSdk/RN 
        SBSdw3/RN 
        SBSwk1/RN 
      Road Surface BWBSdk1/RZ 
        ESSFmv3/RZ 
        ESSFwk1/RZ 
        ICHwk3/RZ 
        ICHwk4/RZ 
        SBSdk/RZ 
        SBSdw2/RZ 
        SBSdw3/RZ 
        SBSmc2/RZ 
        SBSmk1/RZ 
        SBSmw/RZ 
        SBSvk/RZ 
        SBSwk1/RZ 
        SBSwk3/RZ 
        SWBmk/RZ 
      Urban/ Suburban ESSFmcp/UR 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
        ESSFmvp/UR 
        ICHwk3/UR 
        SBSdw2/UR 
        SBSdw3/UR 
        SBSmc2/UR 
        SBSmk1/UR 
        SBSmw/UR 
        SBSvk/UR 
        SBSwk1/UR 
        SBSwk3/UR 
      Rural  ICHvk2/RW 
        SBSdw1/RW 
        SBSdw2/RW 
        SBSmh/RW 
        SBSmw/RW 
        SBSwk3/RW 

5 Avalanche track not available Alder - Hellebore avalanche track ESSFmmp/AH 
      Avalanche track ESSFmc/51 
        ESSFwv/51 

      
Barratt's willow - Valerian avalanche tract (Willow - 
Forb avalanche tract) ESSFwcp/BV 

      Bl - Mountain-heather Avalanche Track ESSFmmp/BM 
      Bl-feathermoss avalanche track SWBmks/FF 
      Shrub avalanche track SBSvk/AV 
      Valerian - Arrow-leaved groundsel avalanche track ESSFmmp/VG 

6 Bl - Cladonia Bl - Cladonia BlPa - Juniper - Cladonia ESSFxv1/02 
      BlPl - Cladina ESSFmm1/03 
      BlPl - Cladonia ESSFwv/02 
      BlPl - Crowberry - Cladina ESSFmv3/02 
      BlPl - Juniper - Cladonia ESSFmc/02 
      Pl - Cladonia - Stereocaulon ESSFxv1/03 

    
Bl - Rhododendron - 
Huckleberry BlPl - Rhododendron ESSFmv3/08 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
7 Bl - Devil's club Bl - Devil's club Bl - Devil's club - lady fern ESSFmc/07 

        ESSFmm1/06 
        ESSFwk1/05 
        ESSFwv/06 
      Bl - Devil's club - Rhododendron ESSFmv2/05 
        ESSFmv3/05 
        ESSFwk2/04 

8 Bl - Horsetail Bl - Alder - Horsetail Bl - Alder - Horsetail ESSFmv2/06 
    Bl - Horsetail Bl - Horsetail - Feathermoss ESSFmv3/07 
      Bl - Horsetail - Glow moss ESSFmc/09 
        ESSFmv1/05 
        ESSFwv/08 
        ESSFxv1/08 
      Bl - Horsetail - Leafy moss ESSFmc/10 
      Bl - Horsetail - Sphagnum ESSFwk1/06 
        ESSFwk2/06 
      Bl - Lady fern - Horsetail ESSFwk1/07 
        ESSFwv/09 
    BlSb - Labrador Tea Bl - Labrador Tea - Horsetail ESSFmm1/07 

9 Bl - Huckleberry Bl - Huckleberry Bl - Huckleberry - Crowberry ESSFmc/03 
      Bl - Huckleberry - Feathermoss ESSFmv1/03 
        ESSFwk1/02 
        ESSFmm1/02 
      Bl - Huckleberry - Gooseberry ESSFmv1/04 
      Bl - Huckleberry - Heron's bill ESSFmc/04 
      Bl - Huckleberry - Leafy liverwort ESSFmc/01b 
        ESSFmc/01a 
        ESSFmc/01 
      Bl - Huckleberry - Thimbleberry ESSFmc/05 
    not available Bl - Black Huckleberry ESSFwcp/FB 

10 Bl - Oak Fern Bl - Oak fern Bl - Oak Fern ESSFmm1/05 
      Bl - Oak fern - Bluebells ESSFwk2/03 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
      Bl - Oak fern - Brachythecium ESSFwk1/01 
      Bl - Oak fern - Heron's bill ESSFmc/06 
        ESSFwv/05 
      Bl - Oak fern - Knight's plume ESSFmv2/04 
        ESSFmv3/04 
        ESSFwk1/03 
        ESSFwk2/01 
      Bl - Oak fern - Sarsaparilla ESSFwk2/02 
      Bl - Rhododendron - Lady fern ESSFwk2/05 
      Bl - Twinberry - Lady fern ESSFwk1/04 
      Bl - Rhododendron - Oak fern  ESSFwc3/01 

11 Bl - Rhododendron 
Bl - Azalea - 
Huckleberry Bl - Azalea - Gooseberry ESSFmm1/01 

      Bl - Azalea - Rhododendron ESSFmm1/04 
      BlHm - Azalea ESSFwv/01 
      BlHm - Feathermoss ESSFwv/03 
      BlHm - Heron's Bill ESSFwv/04 

    
Bl - Rhododendron - 
Huckleberry Bl - Lingonberry ESSFmv2/02 

      Bl - Rhododendron - Crowberry ESSFxv1/06 
      Bl - Rhododendron - Feathermoss ESSFmv1/01 
        ESSFmv2/01 
        ESSFmv3/01 
      Bl - Rhododendron - Queen's Cup ESSFwc3/02 
    BlPa - Grouseberry Bl - Arnica - Cladonia ESSFxv1/01 
      BlPa - Arnica - Twinflower ESSFxv1/05 
      BlPa - Juniper - Grouseberry ESSFxv1/04 
    not available Bl - Rhododendron ESSFwcp/FR 

12 Bl - Valerian Bl - Sitka Valerian Bl - Twinberry - Hellebore ESSFxv1/09 
    Bl - Valerian Bl - Globeflower - Horsetail ESSFwc3/03 
      Bl - Valerian - Arnica ESSFxv1/07 
     Bl - Valerian - Sickle moss ESSFmc/08 
       ESSFwv/07 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
    not available Bl - Valerian - Arnica ESSFmvp/FV 
      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 
        ICHwk3/05 
        ICHwk4/07 
    CwSxw - Devil's club CwSxw - Devil's club - Horsetail ICHwk3/06 
    HwBl - Devil's club HwBl - Devil's club ICHmc1/04 

14 Cw - Oak fern CwHw - Oak fern CwHw - Oak fern ICHvk2/04 
        ICHwk3/01 
        ICHwk4/01 
    HwBl - Oak fern HwBl - Oak fern ICHmc1/03 

15 Cw - Skunk cabbage Cw - Skunk cabbage Sxw - Skunk cabbage SBSvk/10 
    CwBl - Skunk cabbage CwSxw - Skunk cabbage ICHvk2/06 
      Hw - Azalea - Skunk Cabbage ICHmc1/06 
    not available CwSxw - Skunk cabbage ICHwk3/09 
      Hw - Wood horsetail - Sphagnum ICHwk3/07 

16 Fd - Cladonia Fd - Feathermoss FdPl - Cladonia SBSdw2/02 
        SBSdw3/02 
        SBSmh/02 
      FdPl - Velvet-leaved blueberry - Cladonia SBSmh/03 

    
Fd - Red-stemmed 
feathermoss FdPl - Cladonia SBSdw1/02 

    Sxw - Huckleberry FdBl - Huckleberry SBSmw/02 

17 Fd - Pinegrass 
Fd - Douglas Maple - 
Snowberry Fd - Douglas maple - Step moss SBSmh/04 

    Fd - Pinegrass Fd - Pinegrass - Aster SBSdw2/04 
        SBPSmk/03 
      Fd - Saskatoon - Pinegrass SBSdw1/03 
    Fd - Soopolallie Fd - Red-stemmed feathermoss - stepmoss SBSdk/04 

18 Hw - Cladonia CwSxw - Falsebox CwSxw - Soopolallie ICHwk4/03 
    Hw - Cladonia Hw - Kinnikinnick - Cladonia ICHmc1/02 
      HwCw - Cladonia ICHwk4/02 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
    HwCw - Cladonia Hw - Azalea - Cladonia ICHwk3/02 
      HwCw - Cladonia ICHvk2/02 
    HwCw - Step Moss CwSxw - Prince's pine - Cat's-tail moss ICHwk3/03 

19 Hw - Step moss HwBl - Step moss Hw - Step moss ICHmc1/01a 
        ICHmc1/01b 
        ICHmc1/01 
    HwCw - Step Moss HwCw - Step moss ICHvk2/03 
        ICHwk3/04 
        ICHwk4/05 

20 Non-forested floodplain not available Drummond's willow - Bluejoint SBPSdc/Fl05 
        SBSdk/Fl05 
        SBSdw3/Fl05 
      Lowbench sedge/herb floodplain BWBSdk1/LO 
        ESSFmv3/LO 
        ESSFwcp/LO 
        ESSFwk1/LO 
        ESSFwk2/LO 
        ESSFwv/LO 
        ICHmc1/LO 
        ICHvk2/LO 
        SBSdk/LO 
        SBSdw2/LO 
        SBSdw3/LO 
        SBSmk1/LO 
        SBSmw/LO 
        SBSvk/LO 
      Lowbench shrub floodplain BWBSdk1/LU 
        ESSFmc/LO 
        ESSFmcp/LU 
        ESSFmm1/LU 
        ESSFmv1/LU 
        ESSFmv2/LU 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
        ESSFmv3/LU 
        ESSFmc3/LU 
        ESSFwcp/LU 
        ESSFwk1/LU 
        ESSFwk2/LU 
        ESSFwv/LU 
        ESSFwvp/LU 
        ICHmc1/LU 
        ICHvk2/LU 
        ICHwk4/LU 
        SBSdk/LU 
        SBSdw2/LU 
        SBSdw3/LU 
        SBSmk1/LU 
        SBSmw/LU 
        SBSvk/LU 
        SBSwk1/LU 
        SBSwk3a/LU 
        SWBmk/LU 
      Mountain alder - Common horsetail SBSvk/FI01 
        BWBSdk1/FI01 
      Mountain alder - Red-osier dogwood - Horsetail SBSdk/FI02 
        SBSvk/FI02 
        SBSwk1/FI02 
        ICHwk4/Fl02 
      Pacific willow - Red-osier dogwood - Lady fern BWBSdk1/FI03 
      Sitka willow - Red-osier dogwood - Horsetail SBSvk/FI04 

21 Non-forested wetland not available Awned sedge SBPSdc/Wm03 
      Barclay's willow - water sedge - Glow moss ESSFmc/Wf04 
        SBSvk/Wf04 
        SBSwk1/Wf04 
      Beaked sedge - Water sedge BWBSdk1/Wm01 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
        ESSFmc/Wm01 
        ICHmc1/Wm01 
        SBPSdc/Wm01 
        SBSdk/Wm01 
        SBSdw3/Wm01 
        SBSmc2/Wm01 
        SBSmk1/Wm01 
        SBSvk/Wm01 
        SBSwk1/Wm01 
      Bebb's willow - Bluejoint SBSdk/Ws03 
      Common spike-rush SBSdk/Wm04 
      Drummond's willow - Beaked sedge SBSdk/Ws04 
        SBSmc2/Wm04 
        SBSmk1/Ws04 
        SBSwk1/Ws04 
      Few-flowered spike-rush - Hook-moss ESSFmc/Wf09 
        ESSFxv1/Wf09 
        SBSmc2/Wf09 
      Hardhack - Sitka sedge ICHmc1/Ws50 
        SBSml1/Ws50 
        SBSwk/Ws50 
      Hudson Bay clubrush - Red hook-moss SBSmc2/Wf10 
      Inflated sedge ICHwk4/Wm09 
      Labrador tea - Sedge - Sphagnum ICHwk4/09 
      Leatherleaf saxifrage - Sedge wetland ESSFwcp/SS 
      Maccalla's willow - Beaked sedge SBSdk/Ws05 
      Mountain alder - Pink spirea - Sitka sedge SBSmc2/Ws02 
        ESSFwv/Ws02 
      Mountain alder - Skunk cabbage - Lady fern SBSvk/Ws01 
        SBSwk1/Ws01 
        ICHvk2/Ws01 
      Narrow-leaved cotton-grass - Marsh marigold ESSFmc/Wf12 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
      Narrow-leaved cotton-grass - Shore sedge ESSFmc/Wf13 
      Non-forested bog BWBSdk1/31 
        ESSFwk2/31 
        ESSFwk2/31 
      Non-forested fen/marsh ICHmc1/31 
        BWBSdk1/32 
      Non-forested wetland ESSFmc/31 
        ESSFwv/31 
      Organic sedge fen ESSFmcp/FE 
        ESSFmv2/FE 
        ESSFmv3/FE 
        ESSFmvp/FE 
        ESSFwc3/FE 
        ESSFwcp/FE 
        ESSFwk1/FE 
        ESSFwk2/FE 
        ICHmc1/FE 
        ICHwk4/FE 
        SBPSdc/FE 
        SBSdk/FE 
        SBSdw1/FE 
        SBSdw2/FE 
        SBSdw3/FE 
        SBSmc2/FE 
        SBSmk1/FE 
        SBSmw/FE 
        SBSvk/FE 
        SBSwk1/FE 
        SBSwk3/FE 
        SBSwk3a/FE 
        SWBmk/FE 
        SWBmks/FE 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
      Organic shrub fen ESSFmcp/OS 
        ESSFmm1/OS 
        ESSFmv1/OS 
        ESSFmv2/OS 
        ESSFmv3/OS 
        ESSFmvp/OS 
        ESSFmc3/OS 
        ESSFwcp/OS 
        ESSFwv/OS 
        ESSFwvp/OS 
        ICHwk4/OS 
        SBSdk/OS 
        SBSdw1/OS 
        SBSdw3/OS 
        SBSmk1/OS 
        SBSmw/OS 
        SBSvk/OS 
        SBSwk1/OS 
        SBSwk3/OS 
        SBSwk3a/OS 
        SWBmk/OS 
        SWBmks/OS 
      Scheuchzeria - Peat-moss SBSdw3/Wb12 
        SBSmc2/Wb12 
        SBSvk/Wb12 
      Scrub birch - Buckbean - Shore sedge SBSdk/Wf07 
        SBSmc2/Wf07 
        SBSvk/Wf07 
        SBSwk1/Wf07 
        SBSwk3/Wf07 
        SBPSdc/Wf07 
      Scrub birch - Sedge - Sphagnum ESSFwk1/08 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
      Scrub birch - Sedge - Sphagnum bog ESSFmmp/BS 
      Scrub birch - Water sedge SBSdk/Wf02 
        SBSmc2/Wf02 
        SBSvk/Wf02 
        SBSwk1/Wf02 
        SBPSdc/Wf02 
        SBPSmc/Wf02 
        BWBSdk1/Wf02 
        ESSFmv2/Wf02 
        ESSFwc3/Wf02 
        ESSFwk2/Wf02 
        ICHvk2/Wf02 
        ICHwk3/Wf02 
        ICHwk4/Wf02 
      Scrub birch - Water sedge - sphagnum ESSFwk1/31 
      Sedge Meadow ESSFmmp/SM 
      Shore sedge - Buckbean - Hook-moss ESSFwc3/Wf08 
        ESSFxv1/Wf08 
        SBPSdc/Wf08 
        SBSdk/Wf08 
        SBSmc2/Wf08 
        SBSwk1/Wf08 
      Shore sedge - Buckbean - Peat-moss ICHmc1/Wb13 
        SBSmk1/Wb13 
      Sitka willow - Sitka sedge SBSvk/Ws06 
        SBSwk1/Ws06 
      Slender sedge - Buckbean SBSdk/Wf06 
      Slender sedge - Common hook-moss BWBSdk1/Wf05 
        ICHmc1/Wf05 
        SBPSdc/Wf05 
        SBSdk/Wf05 
        SBSmc2/Wf05 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
        SBSmk1/Wf05 
        SBSwk1Wf05 
      Swamp horsetail - Beaked sedge BWBSdk/Wm02 
        ICHwk4/Wm02 
        SBPSdc/Wm02 
        SBSdk/Wm02 
        SBSdw3/Wm02 
        SBSwk1/Wm02 
      Tufted clubrush - Star moss BWBSdk1/Wf11 
        ESSFwc3/Wf11 
        ESSFwk1/Wf11 
        SBSdk/Wf11 
        SBSwk1/Wf11 
      Water sedge - Beaked sedge ESSFmc/Wf01 
        ESSFwk1/Wf01 
        ESSFxv1/Wf01 
      Water sedge - Peat-moss ESSFmc/Wf03 
        ESSFmc3/Wf03 
        ESSFwv/Wf03 
        SBSwk1/Wf03 

22 Non-vegetated not available Cutbank ESSFmc/CB 
        ESSFmcp/CB 
        ESSFmv1/CB 
        ESSFmv3/CB 
        ESSFmvp/CB 
        ESSFwc3/CB 
        ESSFwcp/CB 
        ESSFwk1/CB 
        ESSFwk2/CB 
        ICHmc1/CB 
        ICHwk3/CB 
        SBSdw3/CB 
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GSA # Grouped Site Association Alliance Site_Series Correlated BEC Unit(s) 
        SBSmc2/CB 
        SBSmk1/CB 
        SBSvk/CB 
        SBSwk1/CB 
        SBSwk3/CB 
      Exposed Soil ESSFwcp/ES 
        SBSdw3/ES 
      Glacier ESSFmc/GL 
        ESSFmcp/GL 
        ESSFmvp/GL 
        ESSFmc3/GL 
        ESSFwcp/GL 
        ESSFwk2/GL 
      Gravel Bar ICHvk2/GB 
        ICHwk4/GB 
        SBSvk/GB 
        SBSwk1/GB 
      Gravel Pit ESSFmc/GP 
        ESSFmv3/GP 
        ICHvk2/GP 
        ICHwk3/GP 
        ICHwk4/GP 
        SBSdk/GP 
        SBSdw1/GP 
        SBSdw2/GP 
        SBSdw3/GP 
        SBSmc2/GP 
        SBSmk1/GP 
        SBSvk/GP 
        SBSwk1/GP 
        SBSwk3/GP 
      Permanent  Snow ESSFmc/PN 



Proulx & Bernier - An effectiveness-monitoring program for biodiversity management in the Prince George TSA 
 

 70  
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        ESSFmcp/PN 
        ESSFmv2/PN 
        ESSFmvp/PN 
        ESSFmc3/PN 
        ESSFwcp/PN 
        ESSFwk2/PN 
      Rock Outcrop ATun/RO 
        BWBSdk1/RO 
        ESSFmc/RO 
        ESSFmcp/RO 
        ESSFmm1/RO 
        ESSFmmp/RO 
        ESSFmv1/RO 
        ESSFmv2/RO 
        ESSFmv3/RO 
        ESSFmvp/RO 
        ESSFmc3/RO 
        ESSFwcp/RO 
        ESSFwk1/RO 
        ESSFwk2/RO 
        ESSFwvp/RO 
        ICHvk2/RO 
        ICHwk4/RO 
        SBSdk/RO 
        SBSdw2/RO 
        SBSdw3/RO 
        SBSmc2/RO 
        SBSmk1/RO 
        SBSvk/RO 
        SBSwk1/RO 
        SBSwk3/RO 
        SBSwk3a/RO 
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        SWBmks/RO 
      Talus ATun/TA 
        BWBSdk1/TA 
        ESSFmc/TA 
        ESSFmcp/TA 
        ESSFmm1/TA 
        ESSFmmp/TA 
        ESSFmv1/TA 
        ESSFmv2/TA 
        ESSFmv3/TA 
        ESSFmvp/TA 
        ESSFmc3/TA 
        ESSFwcp/TA 
        ESSFwk1/TA 
        ESSFwk2/TA 
        ESSFwv/TA 
        ESSFwvp/TA 
        ICHvk2/TA 
        ICHwk3/TA 
        SBSdw3/TA 
        SBSmc2/TA 
        SBSmk1/TA 
        SBSvk/TA 
        SBSwk1/TA 
        SBSwk3/TA 
        SWBmk/TA 
        SWVmks/TA 

23 Pl - Cladonia Bl - Cladonia Pl - Cladina - Step moss SBSmk1/02 
    Pl - Cladonia Pl - Cladonia - Haircap moss SBPSmk/02 
    Pl - Cladonia Pl - Fescue - Stereocaulon MSxv/02 
      Pl - Huckleberry - Cladonia ESSFmv1/02 
        SBSmc2/02 
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      Pl - Juniper - Ricegrass SBSdk/02 
      Pl - Kinnikinnick - Cladonia MSxv/03 
        SBPSmc/02 
        SBPSdc/02 
      Pl - Kinnikinnick - Cladonia, Shallow SBPSdc/02b 
      Pl - Kinnikinnick - Cladonia, Typic SBPSdc/02a 
      Pl - Kinnikinnick - Feathermoss SBPSdc/03 
      Pl - Kinnikinnick - Feathermoss, Sand SBPSdc/03b 
      Pl - Kinnikinnick - Feathermoss, Typic SBPSdc/03a 
    Pl - Feathermoss Pl - Feathermoss - Cladina SBSdk/03 
        SBSdw3/03 
        SBPSmc/01 
        SBSmc3/03 
        SBSmk1/03 
      Pl - Juniper - Dwarf blueberry SBSmc3/02 
    Sxw - Huckleberry Pl - Huckleberry - Cladina SBSvk/09 
        SBSwk1/02 
        SBSwk3/02 
        SBSwk3a/02 
      Pl - Huckleberry - Velvet-leaved blueberry SBSmw/03 
        SBSvk/02 
        SBSwk1/03 

24 Pl - Pinegrass Pl - Pinegrass Pl - Pinegrass - Arnica SBPSmk/01 
      Pl - Juniper - Feathermoss SBPSdc/01 
      Pl - Kinnikinnick - Wavy-leaved moss SBSdw2/03 
      Pl - Pinegrass - Feathermoss SBPSmk/04 
      Pl - Pinegrass - Feathermoss SBSdw1/04 
        SBSdw2/06 

25 Sb - Feathermoss BlSb - Labrador Tea BlSb - Labrador tea ESSFmv3/03 
        ESSFmv2/03 
    not available PlSb - Feathermoss SBSdk/BF 
    Pl - Pinegrass   SBPSdc/04 
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        SBSdw2/07 
        SBSdw3/05 

    
Pl - Soopolallie - 
Lingonberry Pl - Lingonberry - Feathermoss BWBSdk1/02 

    
SbBl - Red-stemmed 
Feathermoss Sb - Huckleberry - Spirea SBSmc3/05 

        SBSmk1/06 
      Sb - Labrador Tea SBSwk3/05 
        SBSwk3a/05 
      SbPl - Feathermoss SBSmc2/03 
        SBPSmc/03 
        SBSmc3/06 
        SBSwk1/12 

    
SbSw - Red-stemmed 
Feathermoss Sb - Lingonberry - Coltsfoot BWBSdk1/07 

      Sb - Lingonberry - Knight's Plume BWBSdk1/04 
    Sxw - Twinberry Sxw - Scrub birch - Feathermoss SBSmc2/07 

26 Sloping Grassland not available Bluegrass - Slender wheatgrass SBSdk/82 
      Grassland/scrub BWBSdk1/81 
      Saskatoon - Slender wheatgrass SBSdk/81 

27 Sw - Horsetail not available Sw - Horsetail SWBmks/SH 
      Sw - Horsetail - Sphagnum SWBmk/09 
    Sw - Horsetail Sw - Currant - Horsetail BWBSdk1/08 
      Sw - Willow - Glow Moss BWBSdk1/11 

28 Sw - Soopolallie Sw - Soopolallie Sw - Knight's plume - Step moss BWBSdk1/01 
      Sw - Scouring-rush - Step moss BWBSdk1/06 
      Sw - Wildrye - Toad-flax BWBSdk1/03 
      SwPl - Soopolallie - Twinflower BWBSdk1/05 

29 Sw - Step Moss Sw - Step Moss Sw - Arctic lupine - Step moss SWBmk/04 
      Sw - Juniper - Wildrye SWBmk/03 
      Sw - Scrub birch - Cladina SWBmk/02 
      Sw - Willow - Crowberry SWBmk/05 

30 Sw - Willow - Scrub Birch not available Sw - Scrub birch - Bluejoint SWBmks/SC 
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Sw - Willow - Scrub 
Birch Sw - Grey-leaved willow - Scrub birch SWBmk/01 

      Sw - Scrub birch - Bluejoint SWBmk/07 
      Sw - Shrubby cinquefoil - Horsetail SWBmk/08 
      Sw - Willow - Step moss SWBmk/06 

31 Sxw - Crowberry 
Sxw - Crowberry - 
Grouseberry Pl - Grouseberry - Feathermoss MSxv/01 

      Pl - Grouseberry - Kinnikinnick MSxv/04 
      Pl - Trapper's tea - Crowberry MSxv/05 
      Sxw - Crowberry - Glow moss MSxv/07 
      Sxw - Crowberry - Knight's plume MSxv/06 

32 Sxw - Devil's club Sxw - Oak fern Sxw - Devil's club SBSmc2/09 
        SBSmk1/08 
        SBSmw/08 
        SBSvk/01 
        SBSwk1/08 
        SBSwk3/07 
        SBSwk3a/07 
      Sxw - Devil's club - Knight's plume SBSdw2/09 
      Sxw - Devil's club - Lady fern ICHwk4/08 
        SBSwk1/10 
      Sxw - Devil's club - Ostrich fern SBSvk/07 
      Sxw - Devil's club - Spiny wood fern SBSvk/05 
      SxwEp - Devil's club SBSmh/07 

33 Sxw - Hardhack Sxw - Twinberry Sxw - Pink spirea SBSmw/05 
      Sxw - Pink spirea - Oak fern SBSwk1/06 
      Sxw - Pink spirea - Prickly rose SBSdw3/06 
      Sxw - Scrub birch - Feathermoss SBPSdc/05 
        SBPSmc/04 

34 Sxw - Horsetail Sxw - Horsetail Sxw - Horsetail SBSdk/07 
        SBSdw2/10 
        SBSmc2/10 
        SBSmw/09 
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        SBSvk/06 
        SBSwk1/09 
        SBSwk3/08 
        SBSwk3a/08 
        SBSmc3/08 
        SBSmk1/09 
      Sxw - Horsetail - Crowberry MSxv/08 
      Sxw - Horsetail - Glow moss SBPSmc/06 
        SBPSmk/07 
      Sxw - Horsetail - Glow moss SBSdw1/09 
        SBSdw3/09 
        SBSmc2/11 
        SBSmh/09 
        SBPSmc/05 
        SBPSdc/08 
      Sxw - Horsetail - Meadowrue SBPSdc/06 
      Sxw - Horsetail, Fluvial SBSmk1/09a 
      Sxw - Horsetail, Organic SBSmk1/09b 
      Sxw - Labrador tea - Willow MSxv/09 

35 Sxw - Huckleberry Sxw - Huckleberry CwSxw - Velvet-leaved blueberry ICHwk4/04 
      Sxw - Huckleberry SBSmc2/01 
        SBSmc3/01 
      Sxw - Huckleberry - Dwarf blueberry SBSmc2/04 
      Sxw - Huckleberry - Highbush-cranberry ESSFmv3/06 
        SBSmk1/01 
        SBSwk1/05 
        SBSwk3/04 
      Sxw - Huckleberry - Soopolallie SBSmc3/04 
      SxwFd - Birch-leaved spirea - Feathermoss SBSwk3a/04 

36 Sxw - Oak fern Sxw - Mountain alder Sxw - Ostrich fern SBSmh/08 
    Sxw - Oak fern Sxw - Oak fern SBSdw3/08 
        SBSmc2/06 
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        SBSmk1/07 
        SBSmw/06 
        SBSvk/04 
        SBSwk1/01 
        SBSwk3/01 
      Sxw - Twinberry - Oak fern ICHwk4/06 
        SBSdw1/08 
        SBSmc2/08 
        SBSmw/07 
        SBSwk1/07 

37 Sxw - Twinberry Sxw - Twinberry Sxw - Spirea - Feathermoss SBSdk/05 
      Sxw - Spirea - Purple-peavine SBSdk/01 
      Sxw - Twinberry SBPSmk/06 
        SBSdw2/08 
        SBSdw3/07 
        SBSmc3/07 
      Sxw - Twinberry - Coltsfoot SBSdk/06 
        SBSdw1/07 
        SBSmc2/05 
        SBSwk3/06 
        SBSwk3a/06 

38 SxwFd - Prince's Pine SxwFd - Prince's Pine SxwFd - Cat's-tail moss SBSdw2/05 
      SxwFd - Falsebox SBSmw/01 
      SxwFd - Knight's plume SBSmk1/04 
        SBSmw/04 
        SBSwk1/04 
      SxwFd - Pinegrass SBSdw1/01 
        SBSdw2/01 
        SBSdw3/01 
      SxwFd - Ricegrass SBSdw1/05 
        SBSdw3/04 
      SxwFd - Toad-flax SBSmk1/05 
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39 SxwFd - Thimbleberry SxwFd - Thimbleberry SxwFd - Coltsfoot SBSmh/06 

      SxwFd - Dogwood - Fairybells SBSwk3a/01 
      SxwFd - Feathermoss SBSmh/05 
      SxwFd - Hazelnut SBSmh/01 
      SxwFd - Purple peavine SBSwk3/03 
        SBSwk3a/03 
      SxwFd - Step moss SBPSmk/05 
      SxwFd - Thimbleberry SBSdw1/06 
        SBSvk/03 

40 Treed Wetland not available Organic treed bog SBSdw2/OT 
        SBSdw3/OT 
        SBSwk3/OT 
      Organic treed fen ESSFmc/OF 
        ESSFmc/SI 
        ESSFmcp/OF 
        ESSFmm1/OF 
        ESSFmv1/OF 
        ESSFmv2/OF 
        ESSFmv3/OF 
        ESSFmvp/OF 
        ESSFmc3/OF 
        ESSFwcp/OF 
        ESSFwk1/OF 
        ESSFwk2/OF 
        ICHmc1/OF 
        ICHwk4/OF 
        SBSdw1/OF 
        SBSwk1/OF 
        SBSwk3/OF 
        SBSwk3a/OF 
      Pl - Bog rosemary - Peat-moss ICHmc1/07 
        ICHvk2/08 
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        ICHwk3/10 
        SBSwk1/14 
      Pl - Few-flowered sedge - Peat moss ESSFmc/11 
        ESSFwc3/04 
        SBSmc2/15 
      PlSb - Sedge - Sphagnum ICHwk3/08 
      Sb  - Creeping-snowberry - Peat-moss SBSmw/14 
      Sb - Buckbean - Peat-moss ICHvk2/09 
        ICHwk3/11 
        SBSdw2/12 
        SBSmc2/16 
        SBSwk1/16 
      Sb - Common horsetail - Peat-moss SBSdw3/12 
        SBSmc2/14 
        SBSmw/16 
        SBSwk1/15 
      Sb - Creeping-snowberry - Peat-moss SBPSmc/08 
      Sb - Creeping-snowberry - Sphagnum SBSdk/09 
      Sb - Horsetail - Sphagnum BWBSdk1/09 
      Sb - Labrador Tea - Sphagnum BWBSdk1/10 
      Sb - Scrub birch - Sedge SBSmk1/10 
        SBPSdc/07 
      Sb - Skunk cabbage - Peat-moss ICHvk2/10 
        SBSvk/13 
        SBSwk1/17 
      Sb - Soft-leaved sedge - Peat-moss SBSmc2/13 
        SBSmw/15 
      Sb - Soft-leaved sedge - Sphagnum SBSdk/10 
        SBSdw2/11 
        SBSdw3/10 
      Sb - Sphagnum ICHvk2/07 
      Sb - Water sedge - Peat moss BWBSdk1/13 
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        SBSdw3/11 
      SbPl - Bog-laurel - Sphagnum SBSvk/08 
      SbSxw - Scrub birch - Sedge SBPSmk/08 
        SBSmc2/12 
        SBSmc3/09 
        SBSwk1/11 
        SBSmw/10 
        SBPSmc/07 

41 Waterbody not available Lake SBPSdc/LA 
        SBPSmk/LA 
        SBSdk/LA 
        SBSdw2/LA 
        SBSdw3/LA 
        ATun/LA 
        ESSFmcp/LA 
        BWBSdk1/LA 
        ESSFmc/LA 
        SBSmc2/LA 
        SBSmk1/LA 
        SBS vk/LA 
        SBSwk1/LA 
        SBSwk3/LA 
        SBSwk3a/LA 
        SWBmks/LA 
        SWBmk/LA 
        ESSFwk1/LA 
        ESSFmmp/LA 
        ESSFmc3/LA 
        ESSFmv1/LA 
        SBSmw/LA 
        ICHwk4/LA 
        ESSFwvp/LA 
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        ICHmc1/LA 
        ICHwk3/LA 
        SBSmc3/LA 
        SBSmh/LA 
        ICHvk2/LA 
        ESSFwk2/LA 
        ESSFmv2/LA 
        ESSFmvp/LA 
        ESSFwcp/LA 
        ESSFwv/LA 
        ESSFmv 3/LA 
        SBSdw1/LA 
      Pond ICHvk2/PD 
      Reservoir SBSdk/RE 
        SBSdw3/RE 
      River ATun/RI 
        BWBSdk1/RI 
        ESSFmc/RI 
        ESSFmcp/RI 
        ESSFmv2/RI 
        ESSFmv3/RI 
        ESSFmvp/RI 
        ESSFmc3/RI 
        ESSFwcp/RI 
        ESSFwk1/RI 
        ESSFwk2/RI 
        ICHmc1/RI 
        ICHvk2/RI 
        ICHwk3/RI 
        SBSdk/RI 
        SBSdw2/RI 
        SBSdw3/RI 
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        SBSmc2/RI 
        SBSmh/RI 
        SBSmk1/RI 
        SBSvk/RI 
        SBSwk1/RI 
        SBSwk3/RI 
        SWBmk/RI 
      Shallow Open Water ESSFwk1/OW 
        ESSFwk2/OW 
        ICHvk2/OW 
        SBSwk3/OW 
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