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EXECUTIVE SUMMARY 
This report provides recommendations for revisions of ecosystem groupings for ecosystem 
representation for the PGTSA where BEC variant overlap occurs between the PGTSA and the 
Quesnel Forest District and Mackenzie TSA.  These recommendations are based on ecological 
review of groupings for the overlapping management units.  This review of ecosystem groupings 
was undertaken to support the integration of ecosystem groupings with those for the Quesnel and 
Mackenzie Forest Districts.  Integrated ecosystem groupings will support a future ‘roll-up’ of 
ecosystem representation analyses (ERAs) across these management units.  This report completes 
a preliminary review initiated in 2008. 
 
The Prince George TSA has high provincial responsibility for 19 BEC variants, which should be 
the focus ecosystem representation analyses in the TSA.  For the remaining 9 BEC variants found 
in the TSA, these are best combined with neighbouring ERAs such as that recently completed for 
the Quesnel Forest District. 
 
This report also provides descriptions of and a rationale for ecosystem representation and the 
biological richness criterion and associated indicators that the ecosystem representation approach 
is a component of.  It presents a set of ecosystem groupings, outlines the steps and data required 
for completing an ERA and discusses the use of ecosystem representation as a coarse-filter 
element of a strategy to sustain biological richness in managed forests. 
 
An ERA is the coarse-filter component of a management and monitoring framework that can 
provide the basis of ecological management objectives of Sustainable Forest Management Plan 
(SFMP) and certification efforts.  The ERA is not intended as a ‘stand alone’ approach: it is a 
component of a criterion and associated indicators that are hierarchical in nature, ranging from 
‘coarse-filter’ ecosystem representation (Indicator 1), through ‘intermediate filter’ habitat 
elements (Indicator 2) and finally fine filter species-based effectiveness monitoring (Indicator 3). 
 
Finally, it is not possible for any one licensee or agency to fully develop and apply the Criterion 1 
approach to any one individual management unit.  Rather, partnerships among licensees, 
government agencies, researchers and other experts will be required over multiple management 
units to fully realize the potential of the criterion and indicator-based approach. 
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INTRODUCTION 
As part of their Sustainable Forest Management (SFM) process (Canfor 2004), Canfor is 
assessing ecosystem representation for the Prince George Timber Supply Area (PGTSA).  
Ecosystem representation is considered a ‘coarse-filter’ approach to the conservation of 
biodiversity.  It is based on the assumption that most species, particularly those that are poorly 
known, will be best sustained by ensuring that a portion of all distinct ecosystem types are 
represented in an unmanaged state.  In a Criteria and Indicators approach to SFM, ecological 
representation is one indicator of a biological diversity criterion that states, “biological richness 
and it associated values shall be sustained within the management unit” (Bunnell et al. 2003). 
 
This report completes a review of ecosystem groupings initiated in 2008 (Wells 2008) for 
ecosystem representation with the intent of integrating PGTSA ecosystem groupings (Wells and 
Haag 2006) with those for the Quesnel and Mackenzie Forest Districts (Wells and Haag 2008ab).  
This integration is intended to support a current update of an ecosystem representation analysis 
(ERA) in the PGSTA (FESL 2009) and a future ‘roll-up’ of ERAs that incorporates neighbouring 
management units.   
 
It provides descriptions of and rationales the biological richness criterion and associated 
indicators that the ecosystem representation approach is a component of (Appendix 1).  It also 
outlines the steps and data required for completing an ERA and discusses the use of ecosystem 
representation as a coarse-filter element of a strategy to sustain biological richness in managed 
forests (Appendix 2). 
 
Study Area 

The Prince George TSA is found in the north-central interior of British Columbia, covering 
7.5 million hectares (Peterson 2004).  It is one of the largest management units in the province, 
incorporating the Fort Saint James, Vanderhoof and Prince George Forest Districts (Figure 1). 
 
The TSA has a diverse range of forest types, incorporating five forested Biogeoclimatic 
Ecosystem Classification (BEC; Meidinger and Pojar 1991) zones.  The TSA is primarily 
comprised of Sub-Boreal Spruce Zone (SBS) forests and (to a lesser extent) the Sub-Boreal Pine 
Spruce (SPBS) zone at lower elevations and the Engelmann Spruce-Subalpine Fir zone at higher 
elevations.  Some Interior Cedar Hemlock (ICH) forests are found in the southeast of the TSA, 
and a small amount of Black and White Boreal Spruce (BWBS) and Spruce-Willow-Birch (SWB) 
is found in the northeast. 
 
Approximately 71%(5.3 million hectares) of the Prince George TSA land base is Crown forest 
land of which 3.3 million hectares (62%) is considered available for timber harvesting. This 
timber harvesting land base (THLB) primarily composed of lodgepole pine (51%), spruce (31%) 
and subalpine fir (16%) stands with a minor amount of Douglas-fir (1%), and cedar and hemlock 
(1%) stands (Peterson 2004). 
 
The study area is currently undergoing an unprecedented mountain pine beetle (MPB) outbreak, 
currently affecting millions hectares provincially.  In the TSA alone, more than two million 
hectares were infested through 2006 (much of the occurrence of lodgepole pine stands in the 
TSA) (BCMOF 2004).  This outbreak is expected to have a significant impact on harvesting in 
the TSA, shifting harvest rates upwards and towards pine stands in the short term, followed by a 
substantial decline in harvest after one or two decades (Pedersen 2004). 

 2



 

 
 
 
 

Forest District

TFL

Park

Prince George
Forest District 

Vanderhoof 
Forest District 

Fort Saint James
Forest District 

Figure 1:  Prince George TSA (incorporating Fort Saint James, Vanderhoof and Prince George Forest 
Districts).  Forest Districts also include TFLs. 
 
 

 3



 

RESULTS 
BEC Responsibility in the Prince George TSA 

The proportion of the provincial distribution of a BEC variant that is found within a management 
unit can be considered a measure of the management unit responsibility for that variant.  Thus, if 
most of the provincial distribution of a given variant is found within the management unit, 
responsibility would be considered ‘high’, while responsibility would be considered ‘low’ where 
the converse is true.  An assessment of responsibility allows managers to understand which 
variants to prioritize for management decisions related to ecosystem representation.  Where 
responsibility is very low, an ERA cannot be considered meaningful. 
 
Of 28 forested BEC variants found in the Prince George TSA, 19 have relatively high 
responsibility (> 25%; Table 1).  As such, these variants should be a focus of an ERA, and 
associated management and monitoring objectives.  The ERA results for the remaining 9 variants 
still should be considered but are best combined with ERAs from adjacent management units, 
such as the ERA for the Quesnel Forest District (FESL 2008). 
 
Table 1.  BEC variant responsibility for the Prince George TSA1.  Area includes TFLs associated with 
the TSA.  Variants with responsibility > 25% are italicized. 

BEC Variant PGTSA (Hectares) Province (Hectares) Responsibility
BWBSdk 1 31,513 2,526,697 1.2%
ESSFmc 366,596 1,155,233 31.7%
ESSFmv 1 172,675 193,784 89.1%
ESSFmv 2 11,799 571,530 2.1%
ESSFmv 3 586,274 1,392,265 42.1%
ESSFwc 3 233,211 866,499 26.9%
ESSFwk 1 149,090 511,635 29.1%
ESSFwk 2 282,778 585,729 48.3%
ESSFwv 60,561 1,753,427 3.5%
ICH mc 1 21,092 518,558 4.1%
ICH vk 2 131,635 131,635 100.0%
ICH wk 3 30,071 93,920 32.0%
ICH wk 4 39,044 131,905 29.6%
SBPSdc 8,721 395,140 2.2%
SBPSmc 57,768 301,761 19.1%
SBS dk 291,225 921,211 31.6%
SBS dw 1 28,237 383,084 7.4%
SBS dw 2 177,090 512,267 34.6%
SBS dw 3 872,561 885,401 98.5%
SBS mc 2 457,293 2,073,253 22.1%
SBS mc 3 233,496 254,028 91.9%
SBS mh 18,897 96,876 19.5%
SBS mk 1 1,054,853 1,317,529 80.1%
SBS mw 81,142 217,214 37.4%
SBS vk 443,046 488,741 90.7%
SBS wk 1 617,237 766,444 80.5%
SBS wk 3 360,386 404,086 89.2%
SBS wk 3a 38,086 38,086 100.0%  

                                                      
1Only variants > 1% responsibility were included.  Map data are provincial ‘aBEC’ version 7 (2008), obtained from 
http://www.for.gov.bc.ca/HRE/becweb/resources/maps/gis_products.html.  
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Ecosystem Groupings for the Prince George TSA 

BEC variants were stratified into three areas for the PGTSA (Wells and Haag 2006), because the 
region is so large, with a wide range of topographic and climatic conditions, based on review with 
Craig Delong (Regional Ecologist, Northern Interior Forest Region, Ministry of Forests and 
Range) (Table 2; Figures 2 – 4).  The boundaries for stratification were based on geographic 
location, geological boundaries (e.g., mountain ranges, plateaus) and Natural Disturbance Units 
(NDUs) (Delong 1998).  Area 1, located in the southwest portion of the TSA, included drier and 
warmer BEC variants and primarily contained in the Moist Interior NDU.  Area 2, characterized 
by moister, colder variants, extended across the northern part of the TSA and included the 
Ominica NDU.  Area 3, in the southeastern portion of the TSA, contained primarily wet and cool 
variants, and included the McGregor Plateau, Wet Trench, Wet Mountain and Boreal Foothills 
NDU. 
 
Table 2.  List of variants included in the ecosystem analysis for the Prince George TSA, according to 
geographic division1. 

TSA Region Variants  
 

Area 1: Southwest 
(dry, warm) 

 

 
ESSFmv1; ESSFxv; MSxv; SBPSdc; SBPSmc; SBPSmk; SBPSxc; SBSdk; 
SBSdw1; SBSdw2; SBSdw3; SBSmc1; SBSmc2; SBSmc3; SBSmh; SBSmk1; 
SBSmw; SBSwk3a (04) 
 

 
Area 2: North 
(moist, cold) 

 

 
BWBSdk1; ESSFmc; ESSFmv3; SBSmk2; SBSwk2 (04); SBSwk3; SBSwk3a; 
SBSmk2; SBSwk2; SBSmc2(n) 

 
Area 3: Southeast 

(wet, cool) 
 

 
ESSFwc3; ESSFwk1; ESSFwk2; ICHvk2; ICHwk3; ICHwk4; 
SBSmw;; SBSvk SBSwk1; SBSwk2 

 
Low Responsibility 

 

 
ESSFmm1; ESSFmv2; ESSFwv; ICHmc1; SWBmk 

1Variants in italics are found in the Quesnel Forest District (< 1% PGTSA). 
 
The final revised groupings for Areas 1 - 3 (Tables 3 - 5) were selected during a December 2009 
workshop in Prince George involving the author and the regional ecologist (Craig Delong, 
MoFR).  Review of draft groupings was critical, because of the subjective nature of interpreting 
statistical analyses, limited plot sample size for some site series, spatial distribution of site series 
and other ecological characteristics.   
 
This review considered a cluster analysis integrating PGTSA and Quesnel Forest District site 
series (Appendix 3) along with the results of previous analyses (Wells and Haag 2006; Wells and 
Haag 2008ab) and drew upon previous reviews by (Delong) for the Mackenzie TSA and for the 
Quesnel Forest District (with regional ecologists Delong and Ray Coupé, MoFR).  Review 
criteria included generally avoiding grouping site series with dis-similar canopy species, avoiding 
grouping zonal site series across BEC zones and avoiding grouping red listed plant communities.  
Low responsibility variants (Table 2) were excluded from consideration because they were 
considered to be too ecologically distinct for inclusion. 
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Figure 2.  BEC Variants included in Area 1. 
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Figure 3.  BEC Variants included in Area 2. 
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Figure 4.  BEC Variants included in Area 3. 
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Table 3. Ecosystem groups for Area 1 of the Prince George TSA. 

No. Name Site Series Moisture Nutrient Site Association
1 xeric SBS mw SBS mw-02 Very xeric-xeric; very poor-rich Fd - Bl - Huckleberry

MS xv-03 Xeric-subxeric; poor-rich Pl-Kinnikinnick-Cladonia
SBPS dc-02 Xeric-subxeric; very poor-rich Pl - Kinnikinnick - Cladonia
SBPS mc-02 Xeric-subxeric; very poor-poor Pl - Kinnikinnick- Cladonia
SBPS mk-02 Xeric; very poor-rich Pl - Cladonia - Haircap moss
SBPS xc-02 Xeric-submesic; very poor-rich Pl - Kinnikinnick - Cladonia
SBS mc1-02 xeric-subxeric; poor-rich Pl - Cladonia - Haircap moss
SBS dw1-02 Xeric; poor-rich Fd - Pl - Cladonia
SBS dw2-02 Xeric; poor-medium Fd - Pl - Cladonia
SBS dw3-02 Xeric-subxeric; poor-medium Fd - Pl - Cladonia
SBS mh-02 Xeric; very poor-medium Fd - Pl - Cladonia

4 xeric SBSdk SBS dk-02 Xeric; very poor-poor Pl - Juniper - Ricegrass
5 xeric ESSFxv1 ESSF xv1-02 Very xeric-subxeric; very rich-poor Bl Pa - Juniper-Cladonia
6 xeric-subxeric ESSFxv1 ESSF xv1-03 Xeric-subxeric; very poor-poor Pl - Cladonia-Sterocaulon

ESSF mv1-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Cladonia
SBS mc2-02 Xeric-subxeric; poor-medium Pl - Huckleberry - Cladonia
SBS mc3-02 Xeric; very poor-poor Pl - Juniper - Dwarf blueberry

8 xeric MSxv MS xv-02 Xeric-subxeric; very poor-poor Pl-Fescue-Stereocaulon
9 subxeric SBSdw2 SBS dw2-04 Subxeric; poor-rich Fd - Pinegrass - Alder
10 subxeric SBSmh SBS mh-03 Subxeric; very poor-poor Fd - Pl - Velvet leaved blueberry - Cladonia

MS xv-04 Submesic-mesic; poor-rich Pl-Grouseberry-Kinnikinnick
SBPS dc-03 Subxeric-submesic; very poor-rich Pl - Kinnikinnick - Feathermoss
SBS dk-03 Subxeric; very poor-medium Pl - Feathermoss - Cladina
SBPS xc-01 submesic-mesic; poor-rich Pl - Kinnikinnick - Feathermoss
SBPS mk-03 Xeric-subxeric; poor-rich Fd - Pinegrass - Aster
SBS mc1-03 xeric-subxeric; poor-rich Fd - Pinegrass - Aster
SBS mc3-03 Subxeric; very poor-poor Pl - Feathermoss - Cladina
SBS dw2-03 Subxeric; very poor-poor Pl - Kinnikinnick - Wavy leaved moss
SBS dw3-03 Subxeric; very poor-poor Pl - Feathermoss - Cladina
SBS mk1-03 Subxeric; very poor-poor Pl - Feathermoss - Cladina

14 subxeric SBSdw3 SBS dw3-06 Mesic-subhygric; poor-rich Sxw - Pink spirea - Prickly rose
15 subxeric ESSFxv1 ESSF xv1-05 Subxeric-submesic; poor-rich Bl Pa-Arnica-Twinflower
16 subxeric-submesic SBS dk SBS dk-04 Subxeric-submesic; medium-rich Fd - Soopolallie - Feathermoss
17 xeric SBSmk1 SBS mk1-02 Xeric; very poor-medium Pl - Cladina - Step moss
18 submesic-mesic ESSFxv1 ESSF xv1-01 Submesic-mesic; poor-rich Bl-Arnical-Cladonia
19 subxeric-submesic ESSFxv1 ESSF xv1-04 Subxeric-submesic; poor-rich Bl-JuniperGroseberry

SBPS dc-01 Mesic; poor-rich Pl - Juniper - Feathermoss
SBPS mc-01 Submesic-subhygric; poor-medium Pl - Feathermoss - Cladina
SBPS mk-04 Subxeric-mesic; poor-rich Pl - Pinegrass - Feathermoss
SBS dw1-04 Submesic; very poor-medium Pl - Pinegrass - Feathermoss
SBS dw2-06 Submesic; very poor-rich Pl - Pinegrass - Feathermoss

22 subxeric SBSdw SBS dw1-03 Subxeric; poor-rich Fd - Saskatoon - Pinegrass
23 subxeric submesic SBSmh SBS mh-04 Subxeric-submesic; poor-rich Fd - Douglas maple - Step moss
24 ESSF mv1-01 Mesic; poor-rich Bl - Rhododendron - Feathermoss
24 ESSF mv1-03 Submesic-mesic; poor-medium Bl - Huckleberry - Feathermoss

SBS mc2-01 Submesic-mesic; poor-rich Sxw - Huckleberry
SBS mc1-01 subxeric-mesic; poor-rich Sxw - Huckleberry

26 submesic-subhygric SBSmc1 SBS mc1-04 submesic-subhygric; very poor-poor Sxw - Huckleberry - Labrador tea
27 mesic-subhygric SBS mc2 SBS mc2-04 Mesic-subhygric; medium-rich Sxw - Huckleberry - Dwarf blueberry
28 subhygric-hygric ESSFmv1 ESSF mv1-04 Subhygric-hygric; medium-rich Bl - Huckleberry - Gooseberry

SBPS mk-05 Submesic; medium-rich Sxw - Fd - Step moss
SBS dw1-05 Submesic; poor-rich Sxw - Fd - Ricegrass
SBS dw2-05 Submesic; very poor-medium Sxw - Fd - Cat's tail moss
SBS mk1-04 Subxeric-submesic; poor-medium Sxw - Fd - Knight's plume
SBS wk3a-04 Submesic; poor-medium SxwFd - Birch-leaved spirea - Feathermoss

32 mesic-subhygric SBSdw1 SBS dw1-06 Mesic-subhygric; medium-rich Sxw - Fd - Thimbleberry
SBS mh-01 Mesic-subhygric; poor-rich Sxw - Fd - Hazelnut
SBS mh-05 Submesic-mesic; poor-rich Sxw - Fd - Feathermoss
SBPS dc-04 Mesic-subhygric; poor Pl - Sb - Feathermoss
SBPS mc-03 Submesic-mesic; very poor-poor Sb - Pl - Feathermoss
SBS dw2-07 Submesic-subhygric; very poor-poor Pl - Sb - Feathermoss
SBS dw3-05 Submesic-subhygric; very poor-poor Pl - Sb - Feathermoss
SBS mc2-03 Submesic-subhygric; very poor-poor Sb - Pl - Feathermoss
SBS mc3-05 Submesic-mesic; very poor-poor Sb - Huckleberry - Spirea
SBS mc3-06 Subhygric; very poor-poor Sb - Pl - Feathermoss
SBS mk1-06 Submesic-hygric; very poor-poor Sb - Huckleberry - Spirea
SBS dw1-01 Submesic-mesic; poor-rich Sxw - Fd - Pinegrass
SBS dw2-01 Submesic-mesic; poor-rich Sxw - Fd - PInegrass
SBS dw3-01 Mesic; poor-rich Sxw - Fd - Pinegrass
SBS dw3-04 Submesic; poor-rich Sxw - Fd - Ricegrass

xeric SBS/SBPS/MS

xeric SBS (west)

xeric-subxeric SBS/ESSF

subxeric-mesic MS/SBS/SBPS

xeric-subxeric SBS/SBPS

subxeric SBS (west)

submesic-mesic SBPSdc/mc

subxeric - mesic SBS/SBPS

submesic-mesic ESSFmv1

submesic SBS/SBPS

xeric-submesic SBSmk1/wk3a

submesic-mesic SBSmh

submesic-subhygric SBS/SBPS

mesic SBSdw1-3

subxeric-submesic SBSmc1/mc2

2

3

7

11

12

13

20

21

25

29

30

33

34

35
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Table 3 cont’.  Ecosystem groups for Area 1 of the Prince George TSA. 

No. Name Site Series Moisture Nutrient Site Association
36 submesic-mesic MSxv MS xv-01 Submesic-mesic; poor-rich Pl-Grouseberry-Feathermoss
37 mesic MSxv MS xv-05 Mesic; poor-rich Pl-Trapper's tea-Crowberry
38 subhygric MSxv MS xv-06 Subhygric; medium-very rich Sxv-Crowberry-Knight's plume
39 subhygric-hygric MSxv MS xv-07 Subhygric-hygric; poor Sxw-Crowberry-Glow moss

SBPS mk-01 Submesic-subhygric; poor-rich Pl - Pinegrass - Arnica
SBS mc3-01 Mesic; poor-rich Sxw - Huckleberry

41 submesic SBSmc3 SBS mc3-04 Submesic; poor-medium Sxw - Huckleberry - Soopolallie
SBS dk-01 Submesic-subhygric; poor-rich Sxw - Spirea - Purple Peavine
SBS dk-05 Submesic-mesic; very poor-medium Sxw - Spirea - Feathermoss
SBS mk1-01 Mesic-subhygric; poor-rich Sxw - Huckleberry - Highbush-cranberry
SBS mk1-05 Submesic-mesic; poor-medium SxwFd - Toad-flax
SBS mw-01 Submesic-subhygric; poor-rich Sxw - Fd - Falsebox
SBPS mk-06 Subhygric; poor-very rich Sxw - Twinberry
SBS dk-06 Mesic-subhygric; medium-very rich Sxw - Twinberry - Coltsfoot
SBS mc2-05 Mesic-subhygric; medium-rich Sxw - Twinberry - Coltsfoot
SBS mc3-07 Subhygric; medium-rich Sxw - Twinberry
SBS dw1-07 Subhygric; poor-rich Sxw - Twinberry - Coltsfoot
SBS dw2-08 Subhygric-hygric; poor-rich Sxw - Twinberry
SBS dw3-07 Subhygric; medium-rich Sxw - Twinberry
SBS mh-06 Mesic-subhygric; poor-rich Sxw - Fd - Coltsfoot

46 subhygric SBSdw SBS dw1-08 Subhygric; rich-very rich Sxw - Twinberry - Oak fern
SBS dw3-08 Subhygric-hygric; medium-very rich Sxw - Oak fern
SBS mc2-06 Mesic-subhygric; rich-very rich Sxw - Oak fern
SBS mc2-08 Subhygric-hygric; poor-rich Sxw - Twinberry - Oak fern
SBS mk1-07 Subhygric; poor-rich Sxw - Oak fern
SBS mw-06 Subhygric; medium-rich Sxw - Oak fern

48 subhygric-hygric SBSdw2 SBS dw2-09 Subhygric-hygric; medium-very rich Sxw - Devil's club - Knight's plume
49 subhygric-hygric SBSmc2 SBS mc2-07 Subhygric-hygric; very poor-poor Sxw - Scrub birch - Feathermoss
50 subhygric-hygric SBPSdc SBPS dc-06 Subhygric-hygric; medium-very rich Sxw - Horsetail - Meadowrue
51 subhygric-hygric SBSmh-07 SBS mh-07 Subhygric-hygric; rich-very rich Sxw - Ep - Devil's club
52 subhygric-hygric SBSmh-08 SBS mh-08 Subhygric-hygric; rich-very rich Sxw - Ostrich fern

SBS mc2-09 Subhygric-hygric; rich-very rich Sxw - Devil's club
SBS mk1-08 Subhygric-hygric; medium-very rich Sxw - Devil's club
SBS mw-08 Subhygric-hygric; rich-very rich Sxw - Devil's club
ESSF mv1-05 Hygric-subhydric; medium-rich Bl - Horsetail - Glow moss
MS xv-08 Hygric-subhydric; poor-very rich Sxw-Horsetail-Crowberry
SBPS dc-08 Hygric-subhydric; medium-rich Sxw - Horsetail - Glow moss
SBPS mc-05 Mesic-hygric; medium-very rich Sxw - Horsetail
SBPS mc-06 Hygric-subhydric; poor-very rich Sxw - Horsetail - Glow moss
SBPS mk-07 Hygric; poor-very rich Sxw - Horsetail - Glow moss
SBS dk-07 Subhygric-hygric; medium-very rich Sxw - Horsetail
SBS dw1-09 Hygric; poor-very rich Sxw - Hosetail - Glow moss
SBS dw2-10 Hygric; medium-very rich Sxw - Horsetail
SBS dw3-09 Hygric; poor-very rich Sxw - Horsetail - Glow moss
SBS mc2-10 Hygric-subhydric; poor-very rich Sxw - Horsetail
SBS mc2-11 Hygric-subhydric; poor-very rich Sxw - Horsetail - Glow moss
SBS mc3-08 Hygric; medium-rich Sxw - Horsetail
SBS mh-09 Hygric; poor-rich Sxw - Horsetail - Glow moss
SBS mk1-09 Hygric-subhydric; medium-rich Sxw - Horsetail
SBS mw-09 Hygric; poor-rich Sxw - Horsetail

55 hygric MSxv MS xv-09 Hygric-subhydric; very poor-poor Sxw-Labrador tea-Willow
SBPS dc-05 Subhygric; medium-rich Sxw - Scrub birch - Feathermoss
SBPS mc-04 Subhygric-hygric; very poor-poor Sxw - Scrub birch - Feathermoss
SBPS dc-07 hygric - subhygric Sb - Scrub birch - Sedge
SBPS mc-07 subhydric Sb - Scrub birch - Sedge
SBPS mk-08 Subhydric; poor-medium Sb - Sxw - Scrub birch - Sedge
SBS mc2-12 subhydric Sb - Scrub birch - Sedge
SBS mc3-09 subhydric Sb - Scrub birch - Sedge
SBS mk1-10 na Sb - Scrub birch - Sedge
SBS mw-10 subhydric SbSxw - Scrub birch - Sedge

58 hygric SBSdk SBS dk-09 hygric Sb - Snowberry - Sphagnum
SBS dk-10 hygric - subhydric Sb - Soft-leaved sedge - Sphagnum
SBS dw2-11 hygric - subhydric Sb - Soft-leaved sedge - Sphagnum
SBS dw3-10 hygric Sb - Soft-leaved sedge - Sphagnum

60 hygric SBSdk (Act) SBS dk-08 hygric Act - Dogwood - Prickly rose

mesic-subhygric SBS/SBPS

subxeric-subhygric SBSdk

submesic-subhygric SBSmk1/mw

subhygric-mesic SBS/SBPS

mesic-hygric SBS (twinberry)

mesic-hygric SBS (oak fern)

subhygric-hygric SBS (devil's club)

hygric SBS/SBPS/MS (horsetail)

subhygric-hygric SBPS

subhygric-subhydric SBS/SBPS

hygric SBS (west)

40

42

43

44

45

47

59

53

54

56

57
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Table 4.  Ecosystem groups for Area 2 of the Prince George TSA. 

No. Name Site Series Moisture Nutrient Site Association
ESSF mc-02 Very xeric-xeric; very poor-medium Bl - Pl - Juniper - Cladonia
ESSF mc-03 Subxeric; very poor-medium Bl - Huckleberry - Crowberry
BWBS dk1-02 Xeric-subxeric; very poor-poor Pl - Lingonberry - Feathermoss
SBS mk2-02 Subxeric; very poor-poor Pl - Feathermoss - Cladina
SBS mc2(n)-02 Xeric; very poor-medium Pl - Huckleberry - Cladonia
SBS wk3-02 Subxeric; poor Pl - Huckleberry - Cladina
SBS wk3a-02 Subxeric; poor Pl - Huckleberry - Cladina

4 subxeric SBSwk3a SBSwk3a-03 Subxeric; poor-medium SxwFd - Purple peavine
5 submesic-mesic SBSwk3a SBS wk3a-05 submesic - mesic Sb - Labrador tea

SBS mc2(n)-03 Submesic-subhygric; very poor-poor SbPl - Feathermoss
SBS mk2-04 Submesic-subhygric; very poor-poor Sb - Huckleberry - Spirea
SBS wk2-04 Submesic-subhygric; very poor-poor SbPl - Feathermoss

7 subxeric ESSFmv3 ESSF mv3-02 Subxeric-submesic; very poor-poor BlPl - Crowberry - Cladina
BWBS dk1-04 Xeric-mesic; very poor Sb - Lingonberry - Knight's plume
BWBS dk1-01 Submesic-subhygric; poor-rich Sw - Knight's plume - Step moss
BWBS dk1-03 Subxeric-submesic; poor Sw - Wildrye - Toad-flax

9 subhygric - hygric BWBSdk1 BWBS dk1-07 Subhygric-hygric; very poor-medium Sb - Lingonberry - Coltsfoot
10 mesic ESSFmv3 ESSF mv3-03 Mesic; medium BlSb - Labrador tea
11 mesic SBSwk3a SBS wk3a-01 Mesic; poor-medium Sxw - Dogwood - Fairybells

SBS wk3-03 Submesic; poor-medium SxwFd - Purple peavine
SBS wk3-05 Submesic-mesic Sb - Labrador tea

13 submesic BWBSdk1 BWBS dk1-05 Submesic-mesic; medium-rich Sw - Soopolallie - Twinflower
SBS wk3-04 Submesic; poor-medium Sxw - Huckleberry - Highbush-cranberry
SBS mc2(n)-01 Mesic-subhygric; medium-rich Sxw - Huckleberry - Dwarf blueberry
ESSF mc-01 Mesic-subhygric; poor-medium Bl - Huckleberry - Leafy liverwort
ESSF mc-04 Submesic-mesic; very poor-medium Bl - Huckleberry - Heron's-bill
ESSF mv3-01 Mesic; poor-medium Bl - Rhododendron - Feathermoss
ESSF mv3-08 Submesic-mesic; poor-rich Sxw - Huckleberry
SBS mk2-01 Mesic; poor-rich Sxw - Huckleberry - Cranberry
SBS mk2-03 Submesic; poor-medium Sxw - Huckleberry - Soopolallie
SBS mk2-05 Mesic; poor-rich Sxw - Oak fern

18 mesic ESSFmc ESSF mc-05 Mesic; rich-very rich Bl - Huckleberry - Thimbleberry
SBS mc2(n)-06 Mesic-subhygric; rich-very rich Sxw - Oak fern
SBS wk3-01 Mesic; poor-rich Sxw - Oak fern

20 subhygric SBSwk3a SBS wk3a-07 Subhygric-hygric; medium-rich Sxw - Devil's club
ESSF mv3-04 Mesic-subhygric; medium-rich Bl - Oak fern - Knight's plume
ESSF mv3-05 Subhygric; medium-very rich Bl - Devil's club - Rhododendron
SBS mc2(n)-04 not described not described
ESSF mv3-06 Subhygric-hygric; medium-rich Sxw - Huckleberry - Highbush-cranberry
SBS mc2(n)-05 Mesic-subhygric; medium-rich Sxw - Twinberry - Coltsfoot
ESSF mv3-07 Subhygric; medium-rich Sxw - Twinberry - Coltsfoot
SBS wk3-06 Mesic-subhygric; poor-medium Sxw - Twinberry - Coltsfoot
SBS wk3a-06 Mesic-subhygric; poor-medium Sxw - Twinberry - Coltsfoot

24 subhygric BWBSdk1 BWBS dk1-06 Subhygric; very poor-medium Sw - Scouring-rush - Step moss
ESSF mc-06 Subhygric; medium-rich Bl - Oak fern - Heron's-bill
ESSF mc-10 Subhydric; medium-very rich Bl - Horsetail - Leafy moss

26 subhygric-hygric ESSFmc ESSF mc-08 Subhygric-hygric; medium-rich Bl - Valerian - Sickle moss

27 subhygric-hygric SBSmc2(n) SBS mc2(n)-07 Subhygric-hygric; very poor-poor Sxw - Scrub birch - Feathermoss
28 hygric-rich ESSFmc ESSF mc-07 Subhygric-hygric; rich-very rich Bl - Devil's club - Lady fern

SBS mc2(n)-09 Subhygric-hygric; rich-very rich Sxw - Devil's club
SBS wk3-07 Hygric; poor-rich Sxw - Devil's club

30 hygric BWBSdk1 BWBS dk1-08 Hygric; medium-very rich Sw - Currant - Horsetail
SBS wk3-08 hygric Sxw - Horsetail
SBS wk3a-08 hygric Sxw - Horsetail
SBS mc2(n)-10 Hygric-subhydric; poor-very rich Sxw - Horsetail
SBS mk2-06 Hygric; medium-rich Sxw - Horsetail
SBS mc2(n)-08 Subhygric-hygric; poor-rich Sxw - Twinberry - Oak fern
SBS mc2(n)-11 Hygric-subhydric; poor-very rich Sxw - Horsetail - Glow moss

33 hygric-poor ESSFmc ESSF mc-09 Hygric-subhydric; very poor-poor Bl - Horsetail - Glow moss
34 subhygric BWBSdk1 (horsetail) BWBS dk1-09 Subhydric; very poor-rich Sb - Horsetail - Sphagnum

1

2

3

6

xeric-subxeric ESSFmc

xeric-subxeric BWBSdk1/SBSmk2

xeric-subxeric SBS (north)

submesic-subhygric SBS (north)

8 xeric-mesic BWBSdk1

Submesic SBSwk3

submesic-subhygric SBSwk3/mc2

submesic-subhygric ESSFmc

submesic-mesic ESSFmv3

mesic SBSmk2

12

14

15

16

17

mesic-subhygric SBSmc2/wk3

mesic-subhygric ESSFmv3

subhygric SBSmc2/ESSFmv3

mesic-subhygric ESSF (north)

subhygric ESSFmc

subhygric-hygric SBSmc2/wk3

hygric SBS (horsetail)

hygric SBSmc2

19

21

22

23

25

29

31

32
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Table 5.  Ecosystem groups for Area 3 of the Prince George TSA. 

No. Name Site Series Moisture Nutrient Site Association
ICH vk2-02 Xeric; very poor-poor HwCw - Cladonia
ICH wk4-02 Xeric; very poor-poor HwCw - Cladonia

2 xeric ICHwk3 ICH wk3-02 Xeric; very poor-poor Hw - False Azalea - Lichens
SBS wk1-02 Xeric-subxeric;very poor-poor Pl - Huckleberry - Cladina
SBS wk2-02 Subxeric; poor-medium Pl - Huckleberry - Cladina
SBS vk-09 xeric Pl - Huckleberry - Cladina

4 xeric - subxeric ICHwk4 ICH wk4-03 Xeric-subxeric; medium-rich CwSxw-Soopolallie
ICH vk2-03 Xeric-subxeric; poor-medium Hw - Cw - Step moss
ICH wk3-04 Subxeric; medium-rich Hw - Step moss
ICH wk4-05 Subxeric-mesic; poor-rich HwCw-Step moss
ESSF wk1-02 Xeric-subxeric; very poor-rich Bl - Huckleberry - Feathermoss
ESSF wc3-02 Xeric-submesic; very poor-poor Bl - Rhododendron - Queen's cup

7 subxeric-submesic ICHwk4 ICH wk4-04 Subxeric-submesic; very poor-poor CwSxw-Velvet-leaved blueberry
SBS vk-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Velvet-leaved blueberry
SBS wk1-03 Xeric-subxeric;very poor-medium Pl - Huckleberry - Velvet-leaved blueberry
SBS mw-03 Xeric-submesic; very poor-poor Pl - Huckleberry - Velvet leaved blueberry

9 subxeric ICHwk3 ICH wk3-03 Subxeric; poor-medium Hw - Bunchberry
10 subxeric-submesic SBSvk SBS vk-03 Subxeric-submesic; poor-medium SxwFd - Thimbleberry

SBS vk-04 Submesic; poor-rich Sxw - Oak fern
SBS wk1-01 Mesic-subhygric; poor-rich Sxw - Oak fern
SBS wk2-01 Subhygric; medium-very rich Sxw - Oak fern
SBS wk1-05 Submesic-mesic; poor-rich Sxw - Huckleberry - Highbush-cranberry
SBS wk2-03 Mesic-hygric; very poor-poor Sxw - Huckleberry - Highbush-cranberry
ESSF wk1-01 Submesic-mesic; poor-rich Bl - Oak fern - Brachythecium
ESSF wk2-01 Submesic-subhygric; poor-rich Bl - Oak fern - Knight's plume
ESSF wk2-02 Subxeric-submesic; poor-medium Bl - Oak fern - Sarsaparilla
ESSF wk1-03 Subxeric-mesic; poor-rich Bl - Oak fern - Knight's plume
ESSF wc3-01 Submesic-mesic; poor-medium Bl - Rhododendron - Oak fern
ESSF wc3-03 Mesic-hygric; medium-rich Bl - Globeflower - Horsetail
SBS mw-04 Xeric-submesic; medium-rich Sxw - Fd - Knight's plume
SBS wk1-04 Subxeric-submesic; very poor-medium SxwFd - Knight's plume
ICH vk2-04 Subxeric-mesic; poor-rich Cw - Hw - Oak fern
ICH wk3-01 Submesic-mesic; poor-rich Cw - Oak fern
ICH wk4-01 submesic-subhygric; poor-rich Cw-Hw-Oak fern
SBS vk-01 Submesic-subhygric; poor-rich Sxw - Devil's club
SBS vk-05 Mesic-subhygric; medium-rich Sxw - Devil's club - Spiny wood fern
SBS wk2-05 Subhygric; medium-rich Sxw - Devil's club
SBS wk1-08 Subhygric; rich-very rich Sxw - Devil's club
ESSF wk1-05 Subhygric; medium-very rich Bl - Devil's club - Lady fern
ICH vk2-01 Mesic-subhygric; poor-rich Cw - Hw - Devil's club - Lady fern
ICH wk3-05 Subhygric; poor-very rich Cw - Devil's club
ICH wk4-07 Subhygric; medium-rich Cw - Devil's club-Lady fern
ESSF wk2-04 Subhygric-hygric; poor-medium Bl - Devil's club - Rhododendron
ESSF wk2-05 Subhygric; medium-very rich Bl - Rhododendron - Lady fern
ESSF wk1-04 Subhygric; poor-medium Bl - Twinberry - Lady fern
SBS wk1-06 Subhygric; poor-medium Sxw - Pink spirea - Oak fern
SBS mw-05 Subhygric; poor Sxw - Pink spirea
ESSF wk2-03 Mesic-subhygric; medium-rich Bl - Oak fern - Bluebells
SBS wk1-07 subhygric; medium-rich Sxw-Twinberry-Oak fern
SBS mw-07 Subhygric; medium-rich Sxw - Twinberry - Oak fern

22 subygric ICHwk4 ICH wk4-06 Subhygric; medium-rich Sxw - Twinberry - Oak fern
23 subhygric-hygric ICHvk2 ICH vk2-05 Subhygric-hygric; medium-rich Cw - Devil's club - Ostrich fern
24 hygric-subhygric ICHwk3 ICH wk3-07 Hygric-subhygric; poor-medium Cw - Horsetail - Sphagnum

ESSF wk2-06 Hygric; medium-rich Bl - Horsetail - Sphagnum
ESSF wk1-06 Subhygric-subhydric; very poor-poor Bl - Horsetail - Sphagnum
SBS vk-06 Hygric; poor-rich Sxw - Horsetail
SBS wk2-06 Hygric; medium-rich Sxw - Horsetail
SBS wk1-09 Subhygric; poor-medium Sxw-Twinberry-Oak fern
ESSF wk1-07 Subhygric-subhydric; poor-rich Bl - Lady fern - Horsetail

27 hygric ICHwk3 ICH wk3-06 Hygric; poor-very rich Cw - Devil's club - Horsetail
ICH wk4-08 Hygric-subhygric; medium-very rich Sxw - Devil's club - Lady fern
SBS vk-07 Hygric; medium-very rich Sxw - Devil's club - Ostrich fern
SBS wk1-10 Hygric; rich-very rich Sxw - Devil's club - Lady fern

29 hygric ICHvk2 ICH vk2-06 Hygric-subhydric; rich Cw - Sxw - Skunk cabbage
30 subhygric ICHvk2 ICH vk2-07 subhydric Sb - Sphagnum

ICH wk3-08 subhydric CwSxw - Skunk cabbage
ICH wk3-09 subhydric PlSb - Sedge - Sphagnum
SBS vk-08 subhydric SbPl - Bog-laurel - Sphagnum
SBS wk1-12 submesic - mesic SbPl - Feathermoss

33 hydric SBSvk SBS vk-10 hydric - subhydric Sxw - Skunk cabbage
34 mesic subhygric SBSvk SBS vk-11 mesic - subhygric Sitka Alder - Ladyfern
35 subhygric wk1 SBS wk1-11 subhydric SbSxw - Scrub birch - Sedge

xeric ICHvh2/wk41

xeric-subxeric SBS (east)

xeric-mesic ICH

3

5

6 xeric-submesic ESSFwk1/wc3

8 xeric-submesic SBS (east)

subhygric ICH (devil's club)

subxeric-subhygric ICH

11

12

13

14

submesic-hygric ESSFwk1/wk2

subxeric-mesic ESSFwk1/wk2

submesic-hygric ESSFwc3

submesic-subhygric SBS (east)

31

32

19

20

21

25

subygric ICHwk3

submesic-subhygric SBSvk/wk1

subhygric ESSFwk1/wk2

subhygric SBSmw/wk1

subygric SBS/ESSFwk2

subhygric-hygric ESSFwk1/wk2

15 subxeric-submesic SBSmw/wk1

subhygric-hygric SBS/ESSF (horsetail)

hygric ICHwk4/SBS

26

28

submesic-hygric SBS/ESSF (devil's club)17

16

18
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DISCUSSION 
We provide recommendations for revisions of ecosystem groupings for ecosystem representation 
for the PGTSA where BEC variant overlap occurs between the PGTSA and the Quesnel Forest 
District and Mackenzie TSA (Wells and Haag 2008ab).  These recommendations are based on 
ecological review of groupings for the overlapping management units.  This review of ecosystem 
groupings was undertaken to support the integration of ecosystem groupings with those for the 
Quesnel and Mackenzie Forest Districts.  Integrated ecosystem groupings will support a future 
‘roll-up’ of ecosystem representation analyses (ERAs) across these management units. 
 
The Prince George TSA has high provincial responsibility for 19 BEC variants, which should be 
the focus ecosystem representation analyses in the TSA.  For the remaining 9 BEC variants found 
in the PGTSA ERAs (e.g, FESL 2006) should be integrated with neighbouring ERAs such as that 
recently completed for the Quesnel Forest District (FESL 2008).  We note that an ERA of the 
TSA will ideally also incorporate Tree Farm Licenses 30, 42 and 53. 
 
Upon completion, the ERA provides the coarse-filter component of a management and 
monitoring framework that can form the basis of ecological management objectives of a 
Sustainable Forest Management Plan (SFMP) and certification efforts (Bunnell et al. 2003; 
Canfor 2004).  An ERA can provide strategic guidance by identifying those ecosystem types on 
the managed landbase that require the greatest attention.  An ERA can also enhance stand level 
management by identifying uncommon ecosystem groups and a range riparian habitat types.  
Wells et al (2004) and FESL (2006) provide examples and further discussion of the results and 
application of an ERA. 
 
An ERA is not intended as a ‘stand alone’ approach.  The Criterion 1 indicators are hierarchical 
in nature, ranging from ‘coarse-filter’ ecosystem representation (Indicator 1), through 
‘intermediate filter’ habitat elements (Indicator 2) and fine filter species-based effectiveness 
monitoring (Indicator 3).  To realize the advantage of this hierarchy, it is necessary to integrate 
the indicators within a planning and monitoring framework (Bunnell et al. 2003).  Wells (2005) 
provides a discussion on incorporating ecosystem representation into a Criterion 1 based 
effectiveness monitoring framework.  Wells and Haag (2003) provide an example of integrating 
Indicators 1 and 2 to provide landscape level management guidance for ecosystem representation, 
snags, hardwoods and riparian habitat in a West Kootenay management unit. 
 
Finally, it is not possible for any one licensee or agency to fully develop and apply the Criterion 1 
approach to any one individual management unit.  Rather, partnerships among licensees, 
government agencies, researchers and other experts will be required over multiple management 
units to fully realize the potential of the criterion and indicator-based approach. 
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APPENDIX 1: CRITERIA AND INDICATORS FOR BIOLOGICAL RICHNESS 
Criterion and Indicator Approach to sustaining Biological Richness 
The ecosystem representation approach discussed here is a component of a biological richness 
criterion and three associated indicators initially developed by the Weyerhaeuser Adaptive 
Management Working Group for Weyerhaeuser’s coastal tenure (Bunnell et al. 2003).  These 
concepts have been incorporated into a Framework for Sustainable Forest Management (SFM), a 
strategic guidance document for implementing SFM (Canfor 2004).  The biological richness 
criterion is ‘Criterion 1’ of the framework.  Here we provide a short description and rationale to 
provide context for the discussion on ecosystem representation that follows. 
 

Criterion1:  Description and Rationale 

Biological Diversity Criterion:  Biological richness and its associated values are 
sustained within the management unit (e.g., Prince George TSA). 
 
This criterion defines the goal of maintaining biological diversity within a SFM framework.  
Sustaining biological richness is proposed as an interim surrogate for sustaining biodiversity 
because of the inherent complexity involved in defining biodiversity. 
 
Precisely defined, biological richness simply means ‘the number of species’.  Using biological 
richness as a proxy for a biodiversity criterion provides a clear and precise goal: a commitment to 
sustaining all species in a defined management area.  The intent is not to simply ensure species 
presence.  Rather, the goal is to maintain productive, well-distributed populations of native 
species in the defined management area.  This in turn is intended to sustain the variation among 
individuals and species, allowing species to persist in changing environments (Bunnell 1998). 
 
Since it is not possible to manage every species individually, success in attaining the biological 
richness criterion must be assessed by indicators that provide credible surrogates for species in 
forested ecosystems.  The three indicators discussed in the remainder of this report are based on 
representative ecosystems, habitat elements and types known to be important to species and focal 
species.  These indicators are hierarchical in nature, ranging from coarse filter to fine filter, and 
are intended to be applied in an integrated manner. 
 

Indicator 1:  Description and Rationale 

Indicator 1:  Ecologically distinct ecosystem types are represented in the non-
harvestable land base of the management unit (e.g., Prince George TSA) to maintain 
lesser known species and ecological functions. 
Maintaining representation of a full range of ecosystem types is a widely accepted strategy to 
conserve biodiversity in protected areas (e.g., Margules and Pressey 2000) and is suggested for 
landscapes managed for forestry (e.g., Lindenmayer and Franklin 2002).  Indicator 1 is a “coarse-
filter” approach to maintaining biological diversity based on the principle of maintaining 
representation of a full range of ecosystem types.  It is not intended as a stand-alone strategy, but 
rather to complement Indicators 2 and 3.  This indicator is ‘precautionary’, intended to sustain 
those species for which knowledge is sparse or absent, by ensuring that some portion of each 
distinct ecosystem type is represented in a relatively unmanaged state.  Unmanaged areas also 
help to sustain poorly understood ecosystem functions and provide an ecological baseline against 
which the effects of human activities can be compared. 
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Ecosystem representation is determined by evaluating the proportion of productive crown forest 
found in the non-harvested land base (NHLB), including parks and protected areas, but also 
including areas excluded from harvest for other reasons such as operability constraints. 
 
An ecosystem representation analysis (ERA) can do three things.  First, it can identify some types 
that have minimal representation and could be priorities for locating reserves or special 
management.  Second, results can set the context for Indicator 2.  For example, one can choose to 
emphasize snag management or coarse woody debris objectives in ecosystem types for which 
representation is poor.  Finally, it can provide direction on which ecosystem types to focus 
effectiveness monitoring efforts (Indicator 3) 
 
Indicator 2:  Description and Rationale 

Indicator 2:  The amount, distribution, and heterogeneity of stand and forest structures 
important to sustain biological richness is maintained over time. 
 
Managing for forest structures that are both important for habitat and are affected by forest 
practices has long been recognized as an important strategy for maintaining species in forested 
landscapes (e.g., Thomas 1979; Bunnell and Kremsater 1990; Lindenmayer and Franklin. 2002).  
Indicator 2 is a “medium-filter” approach based on these principles; it is designed to capture the 
habitat requirements of many species.  Indicator 2 addresses the kinds, amounts and variability of 
forest structures that are necessary to sustain organisms in managed stands and landscapes.  Like 
Indicator 1, maintaining diverse habitat structure is intended to provide for a broad range of 
organisms, including many that are poorly known.  As an example, habitat structure for terrestrial 
vertebrate species fall into six general categories (or ‘sub-indicators’): dead and dying wood, 
coarse woody debris, hardwoods, riparian, shrubs and seral stages (Bunnell et al. 1999).  
Landscape pattern and structure (i.e., edge habitat) are also covered by Indicator 2.  Indicator 2 
should include all taxa, including aquatic vertebrate species, invertebrates, vascular and non-
vascular plant species and fungi (see Bunnell et al. 2003 for examples). 
 
 

Indicator 3:  Description and Rationale 

Indicator 3:  Productive and well-distributed populations of native forest-dwelling 
species are maintained over time. 
 
Indicator 3 is the "fine-filter" of the three indicators, focusing on species and most directly linking 
back to the criterion.  It is intended to monitor the presence and trends of species in response to 
changes in habitat structure and pattern.  Indicator 3 tests the broader approaches of Indicators 1 
and 2.  Monitoring Indicator 3 primarily helps to assess whether or not the provision of habitat 
structure in the management area (Indicator 2) and in reserves (Indicator 1) can actually result in 
persistent populations of species.   The maintenance of productive populations of species and 
species guilds is based on three assumptions: (1) species distributions and productivity are 
affected by availability and quality of habitat; (2) populations of species will be maintained if 
their habitat requirements are maintained; (3) a large portion of the vertebrate species can be 
maintained by managing the main forest structural components with which these species are 
likely associated (Bunnell et al. 2003). 
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Monitoring Indicator 3 is important for three reasons.  First, monitoring species is intended to 
ensure that the generative, adaptive capacity of the forest is sustained (Bunnell et al. 2003).  
Variability among individuals, populations, species, and ecosystems allows for adaptation to 
change, which ultimately makes possible the generation of new biodiversity.  Sustaining species 
across their distribution is the simplest and most effective way to sustain the values of biological 
diversity (Bunnell 1998).  Second, monitoring Indicator 3 helps evaluate the habitat benchmarks 
used, and helps verify the assumptions (Indicator 1 and 2) on which the maintenance of 
productive species and species guilds is based (Indicator 3).  Finally, monitoring Indicator 3 is 
important because the public sees sustenance of species as the ultimate measure of success or 
failure (Bunnell et al. 2003).  The public tends to associate biodiversity with species richness (i.e., 
the number of species in a given area), and the loss of biodiversity is often equated with the loss 
of species.   
 
The primary focus of Indicator 3 is monitoring, but it necessarily must address management for 
some species that require species based management.  For example, high profile game species, 
such as moose and elk, wide ranging carnivores such as grizzly bear and species at risk.  In this 
aspect, Indicator 3 is like the other indicators which have a more direct management focus. 
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APPENDIX 2: ASSESSING INDICATOR 1 – ECOSYSTEM REPRESENTATION 
To undertake a representation analysis, based on the approach developed by Bunnell et al. (2003), 
data are required for three types of information: an ecological classification is needed to identify 
ecologically distinct ecosystem types, ecosystem mapping is required to map the ecosystem types, 
and a landbase netdown is required to determine the distribution of ecosystem types over the 
harvested and non-harvested forested landbase. 
 
1. Ecosystem groupings. 
To identify ecologically distinct ecosystem types, a relevant ecosystem classification is required 
(Huggard 2004).  In British Columbia, it is possible to define ecosystems by grouping 
Biogeoclimatic Ecosystem Classification (BEC) site series according to commonalities in 
vegetation comminties.  Ecosystem groupings based on site series may be developed by statistical 
analysis of BEC vegetation plot data (Huggard 2000, 2001), and refined by ecological review by 
individuals with expertise in the BEC variants in question.  Bunnell et al (2003), and Wells et al. 
(2004) describe the rationale behind developing ecosystem groupings from sites series.  A 
description of the methodology can be found in Appendix 1. 
 
2. Ecosystem mapping. 
Since the ecosystem types are based on sites series, site series mapping is required for the 
management unit in question.  Site series mapping can be provided by terrestrial ecosystem 
mapping (TEM) or predictive ecosystem mapping (PEM).  PEM is generally the only practical 
mapping available for representation analyses since TEM is rarely available for an entire forest 
management unit.  Data issues associated with using PEM mapping for ERA include PEM 
‘entities’ that are combinations of site series, aspatial site series ‘deciles’ and PEM accuracy.  See 
Wells et al. (2004) and FESL (2006) for further discussion and examples. 
 
3. Land base netdown. 
To assess ecosystem representation it is necessary to define the harvested and non-harvested 
forested landscape of the management unit in question.  Typically, these definitions are based on 
landbase netdowns created for Timber Supply Reviews (TSR).  The data required to define the 
land base netdown are the resultant database associated with a given TSR.  Data issues include 
aspatial netdowns (percent based), and adjusting netdowns to reflect ERA objectives.   
 
 
Setting Targets and Thresholds 

Setting management targets or thresholds for ecosystem representation is challenging.  Because 
the primary intent of ecosystem representation is to sustain poorly understood or unknown 
species, it is not possible to know with precision the level of representation required. 
 
Despite the challenges associated with setting targets for ecosystem representation, the results of 
a representation analysis provide clear strategic direction for management.  The primary benefit 
of an ERA is that it allows priorities for management actions to be determined – it can bring 
management focus to those groups for which representation is low. 
 
To use an ERA to set management priorities, it is necessary to rank ecosystem groups according 
their relative risk.  There is no exact science in determining relative risk, but to assist this task, 
some general principles can be applied: 
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1. Give priority to poorly represented ecosystem groups. 
Managers should prioritize ecosystem groups for which representation is low. 
The most obvious metric to consider is representation itself (proportion of a given ecosystem 
group in non-harvested landbase).  Because the approach developed by Bunnell et al. (2003) 
stratifies across ecosystem types, it lessens the concern that some ecosystem diversity may be 
missed when setting management targets or thresholds without stratification. 
 
2. Evaluate management unit responsibility for each ecosystem group. 
Managers should prioritize ecosystem groups for which responsibility is high. 
Responsibility is the proportion of an ecosystem group that falls within a given management unit.  
The greater the proportion, the greater the responsibility.  An assessment of responsibility allows 
managers to understand which groups to prioritize for management decisions related to ecosystem 
representation.  Further, where responsibility is low, a representation analysis cannot be 
considered meaningful until representation has also been assessed for a substantial portion of the 
ecosystem group distribution.  Ideally, responsibility would be assessed using the same ecosystem 
classification for which representation is evaluated.  However, responsibility can only be assessed 
at the variant level provincially, until site series mapping becomes available for the entire 
province.  It is nonetheless useful to consider this measure to help consider which ecosystem 
groups are most important to focus on. 
 
3. Give priority to uncommon and rare ecosystem groups. 
Groups which are uncommon or rare should be given higher priority than more common groups. 
Ecosystem groups typically consist of widespread circum-mesic (upland) groups and less 
common or rare groups which are typically found on hygric (riparian) or xeric (dry) sites.  These 
uncommon groups deserve consideration because of their ecological uniqueness, and relative 
uncommonness.  In many cases, these ecosystem groups are quite rare relative to the common 
types (i.e., <1000ha in a 100,000ha management unit).  It is not unreasonable to consider fully 
reserving the most uncommon of these types.  When considering rareness, it is important to focus 
on types for which management responsibility is high, to ensure that the type is truly uncommon, 
and not just uncommon in the management unit, but common elsewhere. 
 
4. Consider ecological function. 
Ecosystem groups that have recognized ecological functions should be given priority. 
Some types may have ecological attributes that are recognized as being important, (e.g., riparian 
types or types that contain hardwoods).  Uncommon and rare groups are often also vegetationally 
distinct from upland circum-mesic groups that are widespread, and this may reflect unique 
ecological niches. 
 
5. Assess spatial distribution. 
Ecosystem groups in which the non-harvested portion are poorly distributed or highly 
fragmented should be given priority.  Where possible, representation strategies should be 
developed for ‘nested sets’ of ecosystem groups. 
It is important to consider whether the non-harvested portion of an ecosystem group is 
fragmented or poorly distributed relative to the distribution of the entire ecosystem group.  If the 
non-harvested portion of an ecosystem group is fragmented, it may be susceptible to edge effects.  
One way to assess this is to evaluate potential edge effects is to undertake an edge analysis as part 
of an ERA. 
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Another concern is whether the non-harvested portion of the ecosystem group is well distributed, 
because the groupings are proxies for ecosystem types.  In reality, the range and gradients of 
ecosystem types are more complex than the classifications we use.  If the non-harvested portion 
of the ecosystem group is well distributed across the range of the ecosystem group, it more likely 
that this unclassified variation in ecosystem diversity will be captured.  It is possible to evaluate 
the spatial distribution of ecosystem groups, comparing the distribution of the ecosystem group as 
a whole to the distribution in the NHLB. 
  
A further consideration is the ‘nestedness’ of ecosystem groups.  Typically uncommon riparian or 
dry ecosystem types occur ‘nested’ within more common circum-mesic types.  It may be 
appropriate to consider these nested groups as a whole since this better reflects the distribution 
and linkages among ecosystem types on the landscape.  Addressing representation for nested 
groups (rather than individually), may be also the best strategy for capturing the unmeasured 
variation that the classifications do not capture. 
 
Updating Ecosystem Representation 

Updates of ecosystem representation analyses will generally be triggered by the availability of 
new information, rather than initiated at regular intervals: 
 
1. Ecosystem groups. 
An ERA requires an update whenever ecosystem groups are revised. 
Once ecosystem groups are established, they should require few updates and minimal monitoring 
unless substantive changes occur to the site series classification that are their basis.  Currently 
however, ecosystem groups either do not exist, or are in draft stages of development.  Ecosystem 
groups require development where they do not yet exist, and existing groups require ongoing 
review and refinement. 
 
2. Ecosystem mapping. 
An ERA requires an update whenever PEM is updated or revised. 
PEM accuracy assessments can be used to evaluate accuracy of mapping of ecosystem groups.  
An assessment of accuracy of mapping of ecosystem groups can help determine where improved 
mapping may be required. 
 
3. Landbase netdown. 
An ERA requires an update whenever a new land base netdown is created. 
This generally will occur in conjunction with a TSR.  With any netdown, different netdown 
categories (e.g., operability, riparian reserves, etc.) should also be evaluated to assess the spatial 
accuracy of mapping of the netdown type, and the likelihood that the area will be excluded from 
harvesting in the long term. 
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APPENDIX 3: SITE SERIES CLUSTER ANALYSIS 

INTRODUCTION 
An ecological representation analysis includes four main steps: (1) definition of distinct 
ecosystem types, (2) mapping of ecosystem types, (3) definition of unmanaged forest 
(non-harvested landbase, or NHLB), and (4) determine representation of ecosystem 
types.  This report addresses the first step in conducting a representation analysis – 
defining the ecosystems that occur across the landscape.  One approach is to utilize 
broadly defined land classes or habitat units as surrogates for biological diversity (e.g., 
Noss 1996; Margules and Pressey 2000; Lindenmayer and Franklin 2002).  For this 
analysis, we chose to characterize ecosystems based on shared similarities in climax 
vegetation communities based on the approach developed by Huggard (2000, 2001), 
described in Bunnell et al. (2003) and modified by Wells et al. (2004). 
 
The Biogeoclimatic Ecosystem Classification (BEC) system of British Columbia 
provides a hierarchical classification of ecosystems based on climate, soils, topography 
and vegetation (Pojar et al. 1987; Meidinger and Pojar 1991).  The province of B.C. is 
separated into 14 biogeoclimatic zones, which are further divided into subzones and 
variants based on regional climatic differences and geographic location. At a finer scale 
of classification are site associations and site series.  Site associations are the basic unit of 
site classification, with environmentally characterized classes of ecosystems having the 
same vegetation potential (Pojar et al. 1987). Site series, divisions of site associations, are 
groups of climatically and edaphically similar ecosystems with characteristic climax plant 
communities (Pojar et al. 1987).   
 
Because subzones and variants contain substantial variation in climate, soils, vegetation 
and ecosystem productivity (Meidinger and Pojar 1991), they are considered too broad a 
scale for ecosystem definition.  Conversely, individual site series are considered too fine 
a scale, as there is little evidence to indicate that species are restricted to a single site 
series (Bunnell et al. 2003), and managing for ecosystems at such a detailed level would 
prove challenging.  Instead, we chose to group together similar site series on the basis of 
vegetation species composition and prominence. These ‘ecosystem groups’ are assumed 
to be more ecologically relevant with respect to species habitat use and organism 
responses (Bunnell et al. 2003).  In addition, because site series represent more 
climatically consistent classes of ecosystems than do site associations, we felt that they 
were an appropriate unit upon which to base our analyses.  
 
Our primary objective was to provide a statistical cluster analysis to use as background 
information for the review of ecosystem groupings for the Prince George TSA, and to fill 
gaps from previous analyses from the Prince George TSA and Quesnel TSA.  We 
combined statistical (quantitative) analysis with ecological (qualitative) review to 
develop and describe a series of ecosystem types based on the BEC system. 
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METHODS 
Data 

We focused our analysis on site series which occur in BEC variants found within or near 
the Prince George TSA (Table 1).  Variants were broadly grouped based on geography 
(east or west in the TSA), with deliberate overlap to better understand site series 
vegetation relationships.  Selected variants were based on the 2008 provincial BEC 
database (Version 7; BCMOF 2008). 
 
Table 1.  List of BEC variants included in the ecosystem analysis for the cluster analysis. 

TSA Region Variants  
 

West 
(dry, warm) 

 

 
ESSFmc; ESSFmk; ESSFmv1; ESSFmv3; ESSFwv; ESSFxv1; MSxv; SBPSdc; 
SBPSmc; SBPSmk; SBS dk; SBSdw1; SBSdw2; SBSdw 3; SBSmc1; SBSmc2; 
SBSmc3; SBSmh; SBSmk1; SBSmk2; SBSmw; SBSwk1; SBSwk2; SBSwk3; 
SBSwk3a 

 
East 

(moist, cool) 
 

BWBSdk1; ESSFmc; ESSFmk; ESSFmm1; ESSFmv2; ESSFmv3; ESSFmv4; 
ESSFwc3; ESSFwk1; ESSFwk2; ESSFwv; ICHmc1; ICHvk2; ICHwk3; 
ICHwk4; SBSdk; SBSdw3; SBSmc2; SBSmh; SBSmk1; SBSmk2; SBSmw; 
SBSvk; SBSwk1; SBSwk2; SBSwk3; SBSwk3a; SWBmk1 
 

 
 
We used original BEC plot data, provided by Del Meidinger (Research Scientist, MoFR), 
as the base data for our analyses.  We used VPro XP (BCMOF 2005) to summarize the 
plot data for each site series (based on the AssignedSiteUnit field) and to generate 
prominence values for all recorded vegetation species within each site series.  The 
calculation of prominence considers both the frequency of occurrence and the abundance 
(cover) of a species.  We utilized the Goldstream prominence measure, which emphasizes 
constancy (prominence = √cover X frequency).   
 
The vegetation species list generated from the BEC plot data contained many rare plant 
and bryophyte species that possessed a low prominence value.  Because the deletion of 
rare species reduces noise and often enhances the detection of relationships in a data set, 
we excluded species with a prominence value <60 from our dataset.  This prominence 
cut-off point was based on the use of prominence values ≥ 60 to denote site-specific 
indicator species for describing site series (Will Mackenzie, p comm.).  The reduced 
dataset was then used for all subsequent multivariate analyses. 
 
Statistical Analysis 

Cluster Analysis 
Cluster analysis is used to find groups in community data using quantitative criteria.  A 
hierarchical, agglomerative approach to cluster analysis finds groups that are nested 
within larger groups (McCune and Grace 2002).  We used this approach to group 
together BEC site series based on shared similarities in the frequency and abundance of 
plant species.   
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Cluster analysis was conducted on the prominence data with PC-ORD (MJM 1999), 
using the Sorensen (Bray-Curtis) distance measure and the Flexible Beta (β = -0.25) 
linkage method.  The Sorensen proportion coefficient is one of the most effective 
measures of species similarity (McCune and Grace 2002); it is not as sensitive to outliers 
as other distance measures, and does not interpret shared zeros between variables as a 
positive association.  Dendrograms were scaled in PC-ORD using Wishart’s objective 
function, which measures the information lost at each step in the hierarchical clustering.  
We evaluated dendrograms by calculating percent chaining (MJM 1999), where extreme 
chaining (>25%) indicates very poor performance.  Groups were defined from the 
dendrograms based on the objective of minimizing the number of groups while 
maximizing the amount of information retained.  
 
Our cluster analysis produced two dendrogram with < 1.3% chaining indicating that the 
analysis was successful.  The cluster dendrograms are provided as separate files (PGTSA 
West Cluster Analysis March312009.txt; PGTSA West Cluster Analysis 
March312009.txt). 
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