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EXECUTIVE SUMMARY 
This report provides a set of 53 ecosystem groupings to support development and 
application of a future ecosystem representation analysis (ERA) in the Mackenzie Timber 
Supply Area (TSA) and harmonization with the Prince George Timber Supply Area 
ERA.  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.  It provides descriptions of and rationales of 
ecosystem representation and the biological richness criterion and associated indicators 
that the ecosystem representation approach is a component of. 
 
The Mackenzie TSA has high provincial responsibility for nine of sixteen BEC variants, 
which should be the focus of an upcoming ecosystem representation analysis for the 
district.  The ERA results for remaining variants should also be considered but are best 
combined with ERAs from adjacent management units.  In advance of an ERA, draft 
ecosystem groupings presented here require review and harmonization with the Prince 
George TSA.  To complete an ERA, predictive ecosystem mapping must be developed 
for the Mackenzie Forest District and protected areas with the forest district.  Landbase 
netdown data must also be compiled for the TSA to define the harvested and non-
harvested portions of the forested landscape. 
 
We note that 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, we note that 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 
This report presents a set of ecosystem groupings intended to support development and 
application of a future ecosystem representation analysis (ERA) in the Mackenzie Timber 
Supply Area (TSA) and to facilitate harmonization with Prince George Timber Supply 
Area (PGTSA) ERAs completed in 2006 (e.g., FESL 2006).  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).  Finally, it also provides descriptions of and rationales for ecosystem 
representation and the biological richness criterion and associated indicators that the 
ecosystem representation approach is a component of (Appendix 3). 
 
Study Area 

The Mackenzie TSA is found in the northern interior of British Columbia and covers 
approximately 6.4 million hectares, the fourth largest TSA in the province (Figure 1).  
The topography of the Mackenzie TSA is variable, with the Rocky Mountain Trench 
running north-south through the centre of the TSA, and is bounded on the east by the 
Rocky Mountains and to the west by the Omeneca Mountains (BCMoF 2001). 
 
The TSA is dominated by lodgepole pine, spruce and subalpine fir with a small 
component of hardwoods (BCMoF 2001).  These are found in four forested 
biogeoclimatic zones, including the Boreal White and Black Spruce (BWBS), Sub-Boreal 
Spruce (SBS), the Spruce Willow Birch (SWB), and Engelmann Spruce Subalpine Fir 
(ESSF).  The lower elevation BWBS and SBS zone forests are dominated by hybrid 
white spruce, subalpine fir and lodgepole pine.  Trembling aspen and black spruce are 
also common in the BWBS (Meidinger and Pojar 1991).  The northerly SWB is dominated 
by white spruce and subalpine fir, along with black spruce, lodgepole pine and trembling 
aspen.  The high elevation ESSF is dominated by Engelmann spruce and subalpine fir, 
along with lodgepole pine (Meidinger and Pojar 1991). 
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Figure 1:  Mackenzie Timber Supply Area. 
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RESULTS 
BEC Responsibility in the Mackenzie 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 responsibility for that variant within 
the management unit.  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 management 
decisions related to ecosystem representation.  Further, where responsibility is low, an 
ERA cannot be considered meaningful until representation has also been assessed for a 
substantial portion of the variant distribution. 
 
Of sixteen forested BEC variants found in the Mackenzie TSA, nine have a relatively 
high responsibility (> 20%; Table 1).  As such, these variants should be a focus of an 
ERA, and associated management and monitoring objectives.  The ERA results for 
remaining variants should also be considered but are best combined with ERAs from 
adjacent management units, such as the ERA for the Prince George Forest District (FESL 
2006). 
 
Table 1.  BEC variant responsibility for the Mackenzie Forest District1.  Variants with 
responsibility > 20% are italicized. 

BEC Variant Quesnel FD (ha) Province (ha) Responsibility
BWBSdk 1 774,142 2,575,002 30.1%
BWBSmw 1 8,982 2,868,230 0.3%
BWBSwk 2 21,108 353,273 6.0%
ESSFmc 2,179 1,164,304 0.2%
ESSFmv 2 10,764 572,596 1.9%
ESSFmv 3 769,640 1,396,047 55.1%
ESSFmv 4 538,935 789,481 68.3%
ESSFwc 3 220,791 875,027 25.2%
ESSFwk 2 140,915 586,152 24.0%
SBS mk 1 266,571 1,335,448 20.0%
SBS mk 2 246,267 246,267 100.0%
SBS vk 15,175 503,611 3.0%
SBS wk 1 9,200 796,319 1.2%
SBS wk 2 247,101 484,998 50.9%
SWB mk 875,530 5,839,097 15.0%
SWB mks 596,903 1,047,022 57.0%  

                                                 
1 Map data are provincial ‘aBEC’ (2006), obtained from 
http://www.for.gov.bc.ca/HRE/becweb/resources/maps/gis_products.html
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Ecosystem Groupings for the Mackenzie TSA 

It is necessary to identify ecologically distinct ecosystem types to undertake an ERA.  
Based on the approach of Bunnell et al. (2003) and Huggard (2004), and methods of 
Huggard (2000, 2001) and Wells et al. (2004), draft ecosystem groups were developed 
for the Mackenzie TSA, from analysis of site series vegetation data for site series found 
in the TSA (Banner et al. 1993; Delong et al. 1993; Delong et al. 1994; Delong 2003; 
Delong 2004).  For the analysis, some variants were included from the PGTSA (Table 2; 
Appendix 1).  These variants were selected to harmonize with regions developed for the 
PGTSA ERA (Wells and Haag 2006).  The Mackenzie TSA has a low responsibility for 
two BWBS variants (BWBSmw1 and BWBSwk2) found in the TSA, which are 
associated with Boreal forests east of the Rocky Mountains.  These variants were 
excluded from this study, and are best incorporated in future analyses for Boreal variants 
found east of the Rocky Mountains. 
 
 
Table 2.  BEC variants included in the ecosystem analysis for the Mackenzie TSA. 

Region  Variants  
 

Mackenzie TSA 
 

 
BWBSdk, ESSFmc, ESSFmv2, ESSFmv3, ESSFmv4, ESSFwc3, ESSFwk2, SBSmk1, 

SBSmk2, SBSvk, SBSwk1, SBSwk2, SWBmk 

 
 

Prince George TSA 
 

 
SBSmc2, SBSwk3, SBSwk3a 
 

 
 
Based on ordination and cluster analysis of BEC site series vegetation plot data, we 
developed 50 initial site series groupings (including variants found in the PGTSA).  After 
review by the regional ecologist for the Mackenzie TSA (Craig Delong, MoFR), 
groupings were refined to 53 groupings (Table 3; Appendix 1).   
 
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.  Review criteria included generally 
avoiding grouping site series with dis-similar canopy species, avoiding grouping zonal 
site series across BEC zones, and identifying BC Conservation Data Centre (CDC) red-
listed site series (no CDC red listed plant communities were found for site series we 
evaluated for the Mackenzie TSA). 
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Figure 2.  Provincial distribution of BEC variants associated with the Mackenzie TSA 
(including SBSmc2 and SBSwk3, found in the Prince George TSA). 
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Table 3.  Draft ecosystem groups for the Mackenzie TSA.  Site series in italics are found in the 
PGTSA (SBSmc2 and SBSwk3). 

No. Group 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

2 xeric SWBmk1 SWB mk1-02 Very xeric-subxeric; very poor-poor Sw - Scrub birch - Cladina
3 xeric SBSmk1 SBS mk1-02 Xeric; very poor-medium Pl - Cladina - Step moss
4 subxeric SWBmk1 SWB mk1-03 Xeric-subxeric; poor-medium Sw - Juniper - Wildrye

BWBS dk1-02 Xeric-subxeric; very poor-poor Pl - Lingonberry - Feathermoss
SBS mk2-02 Xeric-subxeric; very poor-poor Pl - Feathermoss - Cladina
SBS mk1-03 Subxeric; very poor-poor Pl - Feathermoss - Cladina

6 xeric ESSFwc3 ESSF wc3-02 xeric-submesic; very poor-poor Bl - Rhodo - Queen's cup
SBS mc2-02 Xeric-subxeric; very poor-medium Pl - Huckleberry - Cladonia
SBS wk3-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Cladina
SBS wk1-02 Xeric-subxric; very poor-poor Pl - Huckleberry - Cladina
SBS wk2-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Cladina

8 subxeric ESSFmv4 ESSF mv4-02 Subxeric-submesic; poor BlPl - Crowberry - Cladina
9 subxeric SBSwk3a SBS wk3a-03 Subxeric; poor-medium SxwFd - Purple peavine

SBS mk1-05 Submesic-mesic; poor-medium SxwFd - Toad-flax
SBS mk1-06 Submesic-hygric; very poor-poor Sb - Huckleberry - Spirea
SBS vk-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Velvet-lvd blueberry
SBS wk1-03 Xeric-submesic; very poor-mediuc Pl - Huckleberry - Velvet-lvd blueberry
SBS mc2-03 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

12 subxeric ESSFmv3 ESSF mv3-02 Subxeric-submesic; very poor-poor BlPl - Crowberry - Cladina
ESSF wk2-02 Subxeric-submesic; poor-medium Bl - Oak fern - Sarsaparilla
SBS vk-04 Submesic; poor-rich Sxw - Oak fern
BWBS dk1-01 Submesic-mesic; poor-rich Sw - Knight's plume - Step moss
BWBS dk1-03 Subxeric-submesic; poor-medium Sw - Wildrye - Feathermoss
BWBS dk1-04 Xeric-mesic; very poor Sb - Lingonberry - Knight's plume
BWBS dk1-07 Subhygric-hygric; very poor-medium Sb - Lingonberry - Coltsfoot
ESSF mv2-02 Subxeric-submesic; poor-medium Bl - Lingonberry
ESSF mv2-03 Submesic-hygric; very poor-poor BlSb - Labrador tea
ESSF mv3-03 Submesic-subhygric; very poor-poor BlSb - Labrador tea
ESSF mv4-03 Submesic-hygric; very poor-poor BlSb - Labrador tea
SBS wk1-04 Subxeric-submesic; poor-rich Sxw - Fd - Knight's plume
SBS wk3a-04 Submesic; poor-medium SxwFd - Birch-leaved spirea - Feathermoss
SBS mk1-04 Subxeric-submesic; poor-medium SxwFd - Knight's plume
SBS vk-03 Subxeric-submesic; poor-medium Sxw - Fd - Thimbleberry
SBS wk3a-01 Mesic; poor-medium Sxw - Dogwood - Fairybells

19 submesic SBSwk3 SBS wk3-03 Submesic; poor-medium SxwFd - Purple peavine
20 submesic BWBSdk1 BWBS dk1-05 Submesic-mesic; medium-rich SwPl - Soopolallie - Twinflower

SWB mk1-01 Mesic; poor-rich Sw - Grey-leaved willow - Scrub birch
SWB mk1-04 Submesic-mesic; poor-rich Sw - Arctic lupine - Step moss
SBS mc2-01 Submesic-mesic; poor-rich Sxw - Huckleberry
SBS mk1-01 Mesic-subhygric; poor-rich Sxw - Huckleberry - Highbush-cranberry
SBS wk1-05 Submesic-mesic; poor-rich Sxw - Huckleberry - Highbush-cranberry
SBS wk2-03 Submesic; poor-medium Sxw - Huckleberry - Highbush-cranberry
SBS wk3-04 Submesic; poor-medium Sxw - Huckleberry - Highbush-cranberry
ESSF wc3-01 submesic-mesic; poor-medium Bl - Rhododendron - Oak fern
ESSF wk2-05 Subhygric; medium-very rich Bl - Rhododendron - Lady fern
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 mv2-01 Submesic-mesic; poor-medium Bl - Rhododendron - Feathermoss
ESSF mv3-01 Submesic-mesic; poor-rich Bl - Rhododendron - Feathermoss
ESSF mv4-01 Submesic-mesic; poor-rich Bl - Rhododendron - Feathermoss
ESSF mv3-08 Subxeric-submesic; poor-medium Bl - Pl - Rhododendron
SBS mk2-01 Mesic-subhygric; poor-rich Sxw - Huckleberry - Cranberry
SBS mk2-03 Submesic-mesic; poor-medium Sxw - Huckleberry - Soopolallie
SBS mk2-05 Subhygric; medium-very rich Sxw - Oak fern

27 mesic ESSFmc ESSF mc-05 Mesic; rich-very rich Bl - Huckleberry - Thimbleberry

1

5

7

xeric-subxeric ESSFmc

xeric-subxeric 
BWBSdk1/SBS

xeric-subxeric SBS

10 xeric-submesic SBS

11 submesic SBS

subxeric-submesic 
ESSFwk2/SBSvk13

14 subxeric-submesic 
BWBSdk1

15 xeric-hygric BWBSdk1

16 subxeric-hygric ESSF

17 subxeric-submesic SBS

18 subxeric-mesic SBS

21 submesic-mesic SWBmk1

22 submesic-mesic SBS

23 submesic-subhygric ESSF

24 submesic-subhygric 
ESSFmc

25 mesic ESSF

26 submesic-subhygric 
SBSmk2
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Table 3 cont’.  Draft ecosystem groups for the Mackenzie TSA.  Site series in italics are found 
in the PGTSA (SBSmc2 and SBSwk3). 

No. Group Name Site Series Moisture-Nutrient Site Association
SBS mc2-06 Mesic-subhygric; rich-very rich Sxw - Oak fern
SBS wk3-01 Mesic; poor-rich Sxw - Oak fern
SBS mk1-07 Subhygric; poor-rich Sxw - Oak fern
SBS wk1-01 Mesic-subhygric; poor-rich Sxw - Oak fern
SBS wk2-01 Submesic-mesic; poor-rich Sxw - 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 wk3a-07 Subhygric-hygric; medium-rich Sxw - Devil's club
SBS wk1-08 Subhygric; rich-very rich Sxw - Devil's club
SBS mk1-08 Subhygric-hygric; medium-very rich Sxw - Devil's club
ESSF mv2-04 Mesic-subhygric; medium-rich Bl - Oak fern - Knight's plume
ESSF mv3-04 Mesic-subhygric; medium-rich Bl - Oak fern - Knight's plume
ESSF mv2-05 subhygric; rich-very rich Bl - Devil's club - Rhododendron
ESSF mv3-05 Subhygric; medium-very rich Bl - Devil's club - Rhododendron

31 mesic-hygric ESSFwc3 ESSF wc3-03 mesic-hygric; medium-rich Bl-Globeflower-Horsetail
ESSF mv3-06 Subhygric-hygric; medium-rich Sxw - Huckleberry - Highbush-cranberry
SBS mc2-04 Mesic-subhygric; medium-rich Sxw - Huckleberry - Dwarf blueberry
ESSF wk2-01 Submesic-subhygric; poor-rich Bl - Oak fern - Knight's plume
ESSF wk2-03 Mesic-subhygric; medium-rich Bl - Oak fern - Bluebells
ESSF wk2-04 Subhygric-hygric; poor-medium Bl - Devil's club - Rhododendron
SWB mk1-05 Submesic-subhygric; very poor-poor Sw - Willow - Crowberry
SWB mk1-06 Subhygric; poor-medium Sw - Willow - Step moss
ESSF mv4-04 Subhygric; medium-very rich Bl - Rhododendron - Horsetail
ESSF wk2-06 Hygric; medium-rich Bl - Horsetail - Sphagnum
ESSF mv3-07 Hygric; medium-rich Bl - Horsetail - Feathermoss
SBS mc2-05 Mesic-subhygric; medium-rich Sxw - Twinberry - Coltsfoot
SBS wk3-06 Mesic-subhygric; poor-medium Sxw - Twinberry - Coltsfoot

36 subhygric BWBSdk1 BWBS dk1-06 Subhygric; medium-rich Sw - Scouring-rush - Step moss
37 subhygric SBSwk1 SBS wk1-06 Subhygric; poor-medium Sxw - Pink spirea - Oak fern

ESSF mc-06 Subhygric; medium-rich Bl - Oak fern - Heron's-bill
ESSF mc-10 Subhydric; medium-very rich Bl - Horsetail - Leafy moss

39 hygric ESSFmc ESSF mc-08 Subhygric-hydric; medium-rich Bl - Valerian - Sickle moss
SBS vk-06 Subhygric-hygric; medium-rich Sxw - Horsetail
SBS wk1-07 Subhygric; medium-rich Sxw - Twinberry - Oak fern
SWB mk1-07 Subhygric-hygric; poor-medium Sw - Scrub birch - Bluejoint
SWB mk1-08 Subhygric-hygric; medium-rich Sw - Shrubby cinquefoil - Horsetail

42 subhygric-hygric 
ESSFmv2 ESSF mv2-06 Subhygric-hygric; medium-rich Bl - Alder - Horsetail

43 subhygric-hygric SBSmc2 SBS mc2-07 Subhygric-hygric; very poor-poor Sxw - Scrub birch - Feathermoss
44 hygric-rich ESSFmv2 ESSF mc-07 Subhygric-hygric; rich-very rich Bl - Devil's club - Lady fern

SBS mc2-09 Subhygric-hygric; rich-very rich Sxw - Devil's club
SBS wk2-05 Subhygric; medium-rich Sxw - Devil's club
SBS wk3-07 Subhygric; medium-rich Sxw - Devil's club

46 hygric ESSFmv4 ESSF mv4-05 hygric; poor-rich Bl - Alder - Horsetail
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
BWBS dk1-08 Subhygric-hygric; medium-very rich Sw - Currant - Horsetail
SBS wk3-08 Hygric; medium-rich Sxw - Horsetail
SBS mk1-09 Hygric-subhydric; medium-rich Sxw - Horsetail
SBS wk1-09 Hygric; poor-rich Sxw - Horsetail
SBS wk2-06 Hygric; medium-rich Sxw - Horsetail
SBS mk2-06 Hygric; medium-very rich Sxw - Horsetail
SBS mc2-10 Hygric-subhydric; poor-very rich Sxw - Horsetail
SBS mc2-08 Subhygric-hygric; poor-rich Sxw - Twinberry - Oak fern
SBS mc2-11 Hygric-subhydric; poor-very rich Sxw - Horsetail - Glow moss

51 hygric ESSFmc ESSF mc-09 Hygric-subhydric; very poor-poor Bl - Horsetail - Glow moss
52 hygric BWBSdk1 BWBS dk1-09 Hygric-subhydric; very poor-medium Sb - Horsetail - Sphagnum
53 hygric SWBmk1 SWB mk1-09 Hygric-subhydric; very poor-medium Sw - Horsetail - Sphagnum

28 submesic-subhygric SBS

29 mesic-hygric SBS

30

32

33

34

35

38

40

41

45

47

48

49

50

mesic-subhygric ESSF

mesic-hygric 
ESSFmv3/SBSmc2

submesic-hygric 
ESSFwk2

submesic-subhygric 
SWBmk1

mesic-hygric ESSF/SBS

subhygric ESSFmc

subhygric-hygric SBS 
(horsetail)

subhygric-hygric SWBmk1

subhygric-hygric SBS 
(devil's club)

hygric SBS (devil's club)

hygric BWBSdk1/SBSwk3

hygric SBS (horsetail)

hygric SBSmc2
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DISCUSSION 
We present 53 draft ecosystem groupings to support an ERA for the Mackenzie Forest 
District.  In advance of an ERA, the draft ecosystem groupings presented here will 
require refinement and future harmonization with ecosystem groupings prepared for the 
PGTSA (Wells and Haag 2006).  The BEC variants included in this study were chosen to 
facilitate this harmonization. 
 
The Mackenzie TSA has high provincial responsibility (> 20%) for nine of sixteen BEC 
variants found in the district.  These nine variants should be the focus of an upcoming 
ecosystem representation analysis for the district.  The ERA results for remaining 
variants should also be considered but are best combined with ERAs from adjacent 
management units, such as the ERA for the Prince George Forest District (FESL 2006). 
 
Predictive Ecosystem Mapping (PEM) and landbase netdown data are required to 
complete an ERA.  We note that netdown data will require review and adaptation to 
develop a consistent THLB and NHLB definition appropriate for an ERA for the forest 
district.  Further discussion can be found in Appendix 2.  Wells et al (2004) and FESL 
(2006) also provide examples and further discussion of the data requirements for an ERA. 
 
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 forest certification (Bunnell et al. 
2003; Canfor 2004).  An ERA can provide strategic guidance by identifying the 
ecosystem types on the managed landbase requiring 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 the hierarchal nature 
of the indicators, it is necessary to integrate them into a planning and monitoring 
framework (Bunnell et al. 2003).  Further discussion can be found in Appendix 2 and 
Appendix 3 and Wells (2005) provides a discussion on incorporating ecosystem 
representation into a Criterion 1 based effectiveness monitoring framework. 
  
Finally, it is not possible for any one licensee or agency to fully develop and apply the 
Criterion 1 approach on 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 ecosystem 
representation approach.  These partnerships will be particularly important to allow future 
‘roll-up’ between ERAs undertaken for the Mackenzie TSA and the Prince George TSA. 
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APPENDIX 1: ECOSYSTEM GROUPINGS 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 define ecosystem groupings for the Mackenzie Forest 
District at a scale relevant to forest management.  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 Mackenzie Forest District.  Selected variants were based on the 2006 provincial BEC 
database (aBEC; BCMOF 2006).  In total, 13 variants found to occur in the Mackenzie 
Forest District were included in the analysis, along with an additional 3 variants found in 
the PGTSA to the south (Table 1).  These additional variants were included to facilitate 
harmonization with the ecosystem groups developed for the PGTSA ERA (Wells and 
Haag 2006).  
 
The Mackenzie TSA also has a low responsibility for two BWBS variants (BWBSmw1 
and BWBSwk2) found in the TSA, which are associated with Boreal forests east of the 
Rocky Mountains.  These variants were excluded from this study, and are best 
incorporated in future analyses for Boreal variants found east of the Rocky Mountains.   
 
Table 1.  List of BEC variants included in the ecosystem analysis for the Mackenzie TSA, 
according to regional division. 

Region  Variants  
 

Mackenzie TSA 
 

 
BWBSdk, ESSFmc, ESSFmv2, ESSFmv3, ESSFmv4, ESSFwc3, ESSFwk2, SBSmk1, 

SBSmk2, SBSvk, SBSwk1, SBSwk2, SWBmk 

 
 

Prince George TSA 
 

 
SBSmc2, SBSwk3, SBSwk3a 
 

 
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 679 plant and 
bryophyte species, many of which were rare and 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 
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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.   
 
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.  
 
Cluster analysis produced a dendrogram with 2.79% chaining indicating that the analysis 
was successful.  Ultimately, ecosystem groups were defined using a cut-off of 75% 
information remaining, which favored the lumping of site series over splitting.   
 
 
Ordination 
Ordination is used to extract, summarize and display dominant patterns in complex data 
sets (McCune and Grace 2002).  In this study, a large number of vegetation species were 
summarized and reduced to a few axes that represented primary gradients in species 
composition.  BEC site series were ordinated on these axes as a means of visually 
presenting and verifying the ecosystem groups that were defined through the cluster 
analysis.   
 
We selected Non-Metric Multidimensional Scaling (NMS), as it is recommended to be 
the most effective ordination method for ecological community data (McCune and Grace 
2002).  Multiple NMS analyses were conducted on the prominence data using the NMS 
Autopilot mode in PC-ORD (MJM 1999), and the Sorensen (Bray-Curtis) distance 
measure.  Multiple ordinations were carried out so that groupings could be compared 
across ordination plots to ensure consistency of group membership.  For each NMS 
analysis, 15 runs were performed on the real data, and 30 runs were performed on 
randomized data (Monte Carlo tests) to determine whether or not the NMS analysis 
extracted stronger axes than expected by chance.  The solution with the fewest axes and 
the lowest stress that passed the Monte Carlo test was selected as the best solution.  The 
quality of each ordination was assessed by calculating a coefficient of determination (r2) 
between distances in original space and distances in ordination space (McCune and Grace 
2002); this yielded the percent of variance represented by each axis. 
 
The results of the cluster analysis were used to delineate groups on each ordination plot.  
Ordination plots were then compared to determine whether or not the same site series 
consistently grouped together across the multiple analyses.  In some cases, site series did 
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not cluster on the dendrogram but consistently ordinated together; group membership was 
subsequently modified to reflect the ordination results.   
 
Ordination analysis produced a plot onto which ecosystem groups initially identified by 
the cluster analysis were mapped. In some cases, ordination results conflicted with cluster 
results.  Some site series spatially grouped together but did not cluster together, and other 
site series clustered together but did not spatially group together.  In both cases, the 
cluster took precedence when determining group membership.  We used scree plots and 
tables of final stress vs. dimension to determine the appropriate number of axes, choosing 
a dimension number above which reductions in stress were small.   
 
A 3-dimensional ordination was selected as the best solution, with a final stress value of 
9.70 and a final instability value of 0.00001.  The majority of the variation was captured 
in the first 2 dimensions, capturing 73.8% of the variance in the data set, with Axis 1 
representing 31.1% of the variation, and Axis 2 representing 42.6% of the variation in the 
data (Figure 2).  In total, 85.7% of the variation in the data was captured on the 3 axes. 
According to McCune and Grace (2002), a good solution is one that explains more than 
50% of the variation in a data set of 20 or more species.   
 

RESULTS 
Based on review of the ordination and cluster analysis results of BEC site series 
vegetation plot data, we found 50 draft site series groupings, including variants found in 
the PGTSA (Table 1).  After review by the regional ecologist for the Mackenzie TSA 
(Craig Delong, MoFR), groupings were refined to 53 groupings (Table 1).   
 
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.  Review criteria included generally 
avoiding grouping site series with dis-similar canopy species, avoiding grouping zonal 
site series across BEC zones, and identifying BC Conservation Data Centre (CDC) red-
listed site series (no CDC red listed plant communities were found for site series we 
evaluated for the Mackenzie TSA). 
 
Ecological Review Tables 
To facilitate ecological review of ecosystem groupings for the Mackenzie TSA, we 
constructed a set of tables. The first table defined the moisture-nutrient regime, and the 
assigned plant association and plant alliance for each site series within a group.  The 
second table utilized the Land Management Handbooks developed for northern B.C. 
(Banner et al. 1993, DeLong et al 1993, DeLong et al 1994, DeLong 2003, DeLong 2004) 
to characterize the dominant tree, shrub, herb and moss/lichen species for each site series, 
and to provide brief ecological descriptions of each site series and for each group as a 
whole.  Due to size constraints, these tables are provided separately, as spreadsheet tables 
(Mackenzie Draft Groups March 31 2008.xls). 
 



Table 1.  Draft ecosystem groups for the Mackenzie TSA.  Yellow highlights represent groupings that were changed based on review 
comments by the regional ecologist.  Coloured triangles are coded to match ordination plots (Figure 2). 

Revised No. Original No. Colour Code Zone/Series Moisture-Nutrient Site Series Comments (Delong)
1 1 E2 ESSF mc-02 Very xeric-xeric; very poor-medium Bl - Pl - Juniper - Cladonia  
1 1 E3 ESSF mc-03 Subxeric; very poor-medium Bl - Huckleberry - Crowberry  
2 2 W2 SWB mk1-02 Very xeric-subxeric; very poor-poor Sw - Scrub birch - Cladina  
3 3 S13 SBS mk1-02 Xeric; very poor-medium Pl - Cladina - Step moss  
4 4 W3 SWB mk1-03 Xeric-subxeric; poor-medium Sw - Juniper - Wildrye  
5 5 B2 BWBS dk1-02 Xeric-subxeric; very poor-poor Pl - Lingonberry - Feathermoss  
5 5 S22 SBS mk2-02 Xeric-subxeric; very poor-poor Pl - Feathermoss - Cladina  
5 5 S14 SBS mk1-03 Subxeric; very poor-poor Pl - Feathermoss - Cladina  
6 6 E32 ESSF wc3-02 xeric-submesic; very poor-poor Bl - Rhodo - Queen's cup  
7 7 S2 SBS mc2-02 Xeric-subxeric; very poor-medium Pl - Huckleberry - Cladonia  
7 7 S51 SBS wk3-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Cladina  
7 7 S35 SBS wk1-02 Xeric-subxric; very poor-poor Pl - Huckleberry - Cladina  
7 7 S45 SBS wk2-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Cladina  
8 7 E27 ESSF mv4-02 Subxeric-submesic; poor BlPl - Crowberry - Cladina Move to own group.
9 8 S58 SBS wk3a-03 Subxeric; poor-medium SxwFd - Purple peavine
10 9 S16 SBS mk1-05 Submesic-mesic; poor-medium SxwFd - Toad-flax  
10 9 S17 SBS mk1-06 Submesic-hygric; very poor-poor Sb - Huckleberry - Spirea  
10 9 S28 SBS vk-02 Xeric-subxeric; very poor-poor Pl - Huckleberry - Velvet-lvd blueberry  
10 9 S36 SBS wk1-03 Xeric-submesic; very poor-mediuc Pl - Huckleberry - Velvet-lvd blueberry  
11 9

12
24
10

S3 SBS mc2-03 Submesic-subhygric; very poor-poor SbPl - Feathermoss Group with SBSwk2-04 fand SBSmk2-04
11 S24 SBS mk2-04 Submesic-subhygric; very poor-poor Sb - Huckleberry - Spirea Group with SBS mc2-03 and SBSwk2-04
11 S47 SBS wk2-04 Submesic-subhygric; very poor-poor SbPl - Feathermoss Group with SBSmc2-03 and SBSmk2-04
12 E18 ESSF mv3-02 Subxeric-submesic; very poor-poor BlPl - Crowberry - Cladina  
13 11 E35 ESSF wk2-02 Subxeric-submesic; poor-medium Bl - Oak fern - Sarsaparilla
13 11 S30 SBS vk-04 Submesic; poor-rich Sxw - Oak fern  
14 12 B1 BWBS dk1-01 Submesic-mesic; poor-rich Sw - Knight's plume - Step moss  
14 12 B3 BWBS dk1-03 Subxeric-submesic; poor-medium Sw - Wildrye - Feathermoss  
15 13 B4 BWBS dk1-04 Xeric-mesic; very poor Sb - Lingonberry - Knight's plume  
15 13 B7 BWBS dk1-07 Subhygric-hygric; very poor-medium Sb - Lingonberry - Coltsfoot  
16 14 E12 ESSF mv2-02 Subxeric-submesic; poor-medium Bl - Lingonberry  
16 14 E13 ESSF mv2-03 Submesic-hygric; very poor-poor BlSb - Labrador tea  
16 14 E19 ESSF mv3-03 Submesic-subhygric; very poor-poor BlSb - Labrador tea  
16 14 E28 ESSF mv4-03 Submesic-hygric; very poor-poor BlSb - Labrador tea  
17 15 S37 SBS wk1-04 Subxeric-submesic; poor-rich Sxw - Fd - Knight's plume
17 15 S59 SBS wk3a-04 Submesic; poor-medium SxwFd - Birch-leaved spirea - Feathermoss  
17 15 S15 SBS mk1-04 Subxeric-submesic; poor-medium SxwFd - Knight's plume  
18 16 S29 SBS vk-03 Subxeric-submesic; poor-medium Sxw - Fd - Thimbleberry  
18 16 S57 SBS wk3a-01 Mesic; poor-medium Sxw - Dogwood - Fairybells  
19 17 S52 SBS wk3-03 Submesic; poor-medium SxwFd - Purple peavine  
20 18 B5 BWBS dk1-05 Submesic-mesic; medium-rich SwPl - Soopolallie - Twinflower  
21 19 W1 SWB mk1-01 Mesic; poor-rich Sw - Grey-leaved willow - Scrub birch
21 19 W4 SWB mk1-04 Submesic-mesic; poor-rich Sw - Arctic lupine - Step moss  
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Table 1, con’t.  Draft ecosystem groups for the Mackenzie TSA.  Yellow highlights represent groupings that were changed based on 
review comments by the regional ecologist.  Coloured triangles are coded to match ordination plots (Figure 2). 

Revised No. Original No. Colour Code Zone/Series Moisture-Nutrient Site Series Comments (Delong)
22 20 S1 SBS mc2-01 Submesic-mesic; poor-rich Sxw - Huckleberry
22 20 S12 SBS mk1-01 Mesic-subhygric; poor-rich Sxw - Huckleberry - Highbush-cranberry  
22 20 S38 SBS wk1-05 Submesic-mesic; poor-rich Sxw - Huckleberry - Highbush-cranberry  
22 20 S46 SBS wk2-03 Submesic; poor-medium Sxw - Huckleberry - Highbush-cranberry  
22 20 S53 SBS wk3-04 Submesic; poor-medium Sxw - Huckleberry - Highbush-cranberry  
23 21 E31 ESSF wc3-01 submesic-mesic; poor-medium Bl - Rhododendron - Oak fern  
23 21 E38 ESSF wk2-05 Subhygric; medium-very rich Bl - Rhododendron - Lady fern  
24 22 E1 ESSF mc-01 Mesic-subhygric; poor-medium Bl - Huckleberry - Leafy liverwort  
24 22 E4 ESSF mc-04 Submesic-mesic; very poor-medium Bl - Huckleberry - Heron's-bill  
25 23 E11 ESSF mv2-01 Submesic-mesic; poor-medium Bl - Rhododendron - Feathermoss  
25 23 E17 ESSF mv3-01 Submesic-mesic; poor-rich Bl - Rhododendron - Feathermoss  
25 23 E26 ESSF mv4-01 Submesic-mesic; poor-rich Bl - Rhododendron - Feathermoss  
25 23 E24 ESSF mv3-08 Subxeric-submesic; poor-medium Bl - Pl - Rhododendron  
26 24 S21 SBS mk2-01 Mesic-subhygric; poor-rich Sxw - Huckleberry - Cranberry  
26 24 S23 SBS mk2-03 Submesic-mesic; poor-medium Sxw - Huckleberry - Soopolallie  
26 24 S25 SBS mk2-05 Subhygric; medium-very rich Sxw - Oak fern  
27 25 E5 ESSF mc-05 Mesic; rich-very rich Bl - Huckleberry - Thimbleberry  
28 26 S6 SBS mc2-06 Mesic-subhygric; rich-very rich Sxw - Oak fern  
28 26 S50 SBS wk3-01 Mesic; poor-rich Sxw - Oak fern  
28 26 S18 SBS mk1-07 Subhygric; poor-rich Sxw - Oak fern  
28 26 S34 SBS wk1-01 Mesic-subhygric; poor-rich Sxw - Oak fern  
28 26 S44 SBS wk2-01 Submesic-mesic; poor-rich Sxw - Oak fern  
29 27 S27 SBS vk-01 Submesic-subhygric; poor-rich Sxw - Devil's club  
29 27 S31 SBS vk-05 Mesic-subhygric; medium-rich Sxw - Devil's club - Spiny wood fern  

29 16 S60 SBS wk3a-07 Subhygric-hygric; medium-rich Sxw - Devil's club
Move SBSwk3a-07 from group 16 to 
group 27

29 27 S41 SBS wk1-08 Subhygric; rich-very rich Sxw - Devil's club  
29 27 S19 SBS mk1-08 Subhygric-hygric; medium-very rich Sxw - Devil's club  
30 28 E14 ESSF mv2-04 Mesic-subhygric; medium-rich Bl - Oak fern - Knight's plume  
30 28 E20 ESSF mv3-04 Mesic-subhygric; medium-rich Bl - Oak fern - Knight's plume  
30 11 E15 ESSF mv2-05 subhygric; rich-very rich Bl - Devil's club - Rhododendron Move to group 28
30 28 E21 ESSF mv3-05 Subhygric; medium-very rich Bl - Devil's club - Rhododendron  
31 29 E33 ESSF wc3-03 mesic-hygric; medium-rich Bl-Globeflower-Horsetail  
32 30

30
31

46

E22 ESSF mv3-06 Subhygric-hygric; medium-rich Sxw - Huckleberry - Highbush-cranberry  
32 S4 SBS mc2-04 Mesic-subhygric; medium-rich Sxw - Huckleberry - Dwarf blueberry  
33 E34 ESSF wk2-01 Submesic-subhygric; poor-rich Bl - Oak fern - Knight's plume  

33 E36 ESSF wk2-03 Mesic-subhygric; medium-rich Bl - Oak fern - Bluebells
Leave ESSFwk2-03 on own or move to 
group 31 with 01

33 E37 ESSF wk2-04 Subhygric-hygric; poor-medium Bl - Devil's club - Rhododendron  
34 32 W5 SWB mk1-05 Submesic-subhygric; very poor-poor Sw - Willow - Crowberry  
34 32 W6 SWB mk1-06 Subhygric; poor-medium Sw - Willow - Step moss  

31
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Table 1, con’t.  Draft ecosystem groups for the Mackenzie TSA.  Yellow highlights represent groupings that were changed based on 
review comments by the regional ecologist.  Coloured triangles are coded to match ordination plots (Figure 2). 

Revised No. Original No. Colour Code Zone/Series Moisture-Nutrient Site Series Comments (Delong)

35 23 E29 ESSF mv4-04 Subhygric; medium-very rich Bl - Rhododendron - Horsetail
Move to group 21 or could go with 
ESSFmv3-07 from Group 33

35 31 E39 ESSF wk2-06 Hygric; medium-rich Bl - Horsetail - Sphagnum Put with ESSF mv3-07 (Group 33)
35 33

33
20
34

36
36
36
37

46
48

E23 ESSF mv3-07 Hygric; medium-rich Bl - Horsetail - Feathermoss Group with ESSFmv4-04 
35 S5 SBS mc2-05 Mesic-subhygric; medium-rich Sxw - Twinberry - Coltsfoot  
35 S54 SBS wk3-06 Mesic-subhygric; poor-medium Sxw - Twinberry - Coltsfoot Move with SBSmc2-05 (Group 33)
36 B6 BWBS dk1-06 Subhygric; medium-rich Sw - Scouring-rush - Step moss  
37 35 S39 SBS wk1-06 Subhygric; poor-medium Sxw - Pink spirea - Oak fern  
38 E6 ESSF mc-06 Subhygric; medium-rich Bl - Oak fern - Heron's-bill  
38 E10 ESSF mc-10 Subhydric; medium-very rich Bl - Horsetail - Leafy moss  
39 E8 ESSF mc-08 Subhygric-subhydric; medium-rich Bl - Valerian - Sickle moss I would tend to leave mc-08 on it's own
40 S32 SBS vk-06 Subhygric-hygric; medium-rich Sxw - Horsetail  
40 37 S40 SBS wk1-07 Subhygric; medium-rich Sxw - Twinberry - Oak fern  
41 38 W7 SWB mk1-07 Subhygric-hygric; poor-medium Sw - Scrub birch - Bluejoint
41 38 W8 SWB mk1-08 Subhygric-hygric; medium-rich Sw - Shrubby cinquefoil - Horsetail  
42 39 E16 ESSF mv2-06 Subhygric-hygric; medium-rich Bl - Alder - Horsetail  
43 40 S7 SBS mc2-07 Subhygric-hygric; very poor-poor Sxw - Scrub birch - Feathermoss  
44 41 E7 ESSF mc-07 Subhygric-hygric; rich-very rich Bl - Devil's club - Lady fern  
45 42 S9 SBS mc2-09 Subhygric-hygric; rich-very rich Sxw - Devil's club  
45 42 S48 SBS wk2-05 Subhygric; medium-rich Sxw - Devil's club  
45 42 S55 SBS wk3-07 Subhygric; medium-rich Sxw - Devil's club  
46 43 E30 ESSF mv4-05 hygric; poor-rich Bl - Alder - Horsetail  
47 44 S33 SBS vk-07 Hygric; medium-very rich Sxw - Devil's club - Ostrich fern  
47 44 S43 SBS wk1-10 hygric; rich-very rich Sxw - Devil's club - Lady fern  
48 45 B8 BWBS dk1-08 Subhygric-hygric; medium-very rich Sw - Currant - Horsetail  
48 45 S56 SBS wk3-08 Hygric; medium-rich Sxw - Horsetail  
49 47 S20 SBS mk1-09 Hygric-subhydric; medium-rich Sxw - Horsetail  
49 47 S42 SBS wk1-09 Hygric; poor-rich Sxw - Horsetail  
49 47 S49 SBS wk2-06 Hygric; medium-rich Sxw - Horsetail  
49 47 S26 SBS mk2-06 Hygric; medium-very rich Sxw - Horsetail  
49 S10 SBS mc2-10 Hygric-subhydric; poor-very rich Sxw - Horsetail Move to group 47
50 S8 SBS mc2-08 Subhygric-hygric; poor-rich Sxw - Twinberry - Oak fern  
50 48 S11 SBS mc2-11 Hygric-subhydric; poor-very rich Sxw - Horsetail - Glow moss  
51 49 E9 ESSF mc-09 Hygric-subhydric; very poor-poor Bl - Horsetail - Glow moss  
52 50 B9 BWBS dk1-09 Hygric-subhydric; very poor-medium Sb - Horsetail - Sphagnum I would keep these seperate
53 50 W9 SWB mk1-09 Hygric-subhydric; very poor-medium Sw - Horsetail - Sphagnum   
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Figure 1.  Cluster dendogram showing preliminary ecosystem group divisions for the Mackenzie TSA (site series codes are 
defined in Table 2) 
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Figure 1, cont.  Dendogram showing preliminary ecosystem groups for Mackenzie TSA. 
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Figures 2A-C.  Ordination plots showing preliminary groupings for Mackenzie TSA (site series code defined in Table 2) 
A) Axis 1 vs Axis 2 
 

 
B) Axis 1 vs. Axis 3 
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C) Axis 2 vs. Axis 3 
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Table 2: Site series codes used in the cluster dendrogram and the ordination plots 
 

Code Site Series Code Site Series Code Site Series 
B1 BWBS dk1-01 E33 ESSF wc3-03 S33 SBS vk-07 
B2 BWBS dk1-02   
B3 BWBS dk1-03 E34 ESSF wk2-01 S34 SBS wk1-01 
B4 BWBS dk1-04 E35 ESSF wk2-02 S35 SBS wk1-02 
B5 BWBS dk1-05 E36 ESSF wk2-03 S36 SBS wk1-03 
B6 BWBS dk1-06 E37 ESSF wk2-04 S37 SBS wk1-04 
B7 BWBS dk1-07 E38 ESSF wk2-05 S38 SBS wk1-05 
B8 BWBS dk1-08 E39 ESSF wk2-06 S39 SBS wk1-06 
B9 BWBS dk1-09  S40 SBS wk1-07 

 S1 SBS mc2-01 S41 SBS wk1-08 
E1 ESSF mc-01 S2 SBS mc2-02 S42 SBS wk1-09 
E2 ESSF mc-02 S3 SBS mc2-03 S43 SBS wk1-10 
E3 ESSF mc-03 S4 SBS mc2-04  
E4 ESSF mc-04 S5 SBS mc2-05 S44 SBS wk2-01 
E5 ESSF mc-05 S6 SBS mc2-06 S45 SBS wk2-02 
E6 ESSF mc-06 S7 SBS mc2-07 S46 SBS wk2-03 
E7 ESSF mc-07 S8 SBS mc2-08 S47 SBS wk2-04 
E8 ESSF mc-08 S9 SBS mc2-09 S48 SBS wk2-05 
E9 ESSF mc-09 S10 SBS mc2-10 S49 SBS wk2-06 
E10 ESSF mc-10 S11 SBS mc2-11  

  S50 SBS wk3-01 
E11 ESSF mv2-01 S12 SBS mk1-01 S51 SBS wk3-02 
E12 ESSF mv2-02 S13 SBS mk1-02 S52 SBS wk3-03 
E13 ESSF mv2-03 S14 SBS mk1-03 S53 SBS wk3-04 
E14 ESSF mv2-04 S15 SBS mk1-04 S54 SBS wk3-05 
E15 ESSF mv2-05 S15 SBS mk1-05 S55 SBS wk3-06 
E16 ESSF mv2-06 S16 SBS mk1-06 S56 SBS wk3-07 

 S17 SBS mk1-07  
E17 ESSF mv3-01 S18 SBS mk1-08 S57 SBS wk3a-01 
E18 ESSF mv3-02 S19 SBS mk1-09 S58 SBS wk3a-03 
E19 ESSF mv3-03 S20 SBS mk1-10 S59 SBS wk3a-04 
E20 ESSF mv3-04  S60 SBS wk3a-07 
E21 ESSF mv3-05 S21 SBS mk2-01  
E22 ESSF mv3-06 S22 SBS mk2-02 W1 SWB mk1-01 
E23 ESSF mv3-07 S23 SBS mk2-03 W2 SWB mk1-02 
E24 ESSF mv3-08 S24 SBS mk2-04 W3 SWB mk1-03 

 S25 SBS mk2-05 W4 SWB mk1-04 
E26 ESSF mv4-01 S26 SBS mk2-06 W5 SWB mk1-05 
E27 ESSF mv4-02  W6 SWB mk1-06 
E28 ESSF mv4-03 S27 SBS vk-01 W7 SWB mk1-07 
E29 ESSF mv4-04 S28 SBS vk-02 W8 SWB mk1-08 
E30 ESSF mv4-05 

 

S29 SBS vk-03 

 

W9 SWB mk1-09 
  S30 SBS vk-04    

E31 ESSF wc3-01  S31 SBS vk-05    
E32 ESSF wc3-02  S32 SBS vk-06    
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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: 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., Mackenzie 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., Mackenzie 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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