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Introduction
The Bulkley Land and Resource Management Plan (LRMP), approved in March, 1998, describes broad objectives for management of the Bulkley Timber Supply Area (TSA). A suite of objectives, derived from the LRMP, were made legally binding in 2000
 and have recently been consolidated
. This report aims to show whether or not land management is consistent with legal objectives. It presents statistics about features of the forest (referred to as “indicators”) that are influenced by management and that correlate with values identified in objectives. Where possible, it compares indicators to reference conditions or “benchmarks”. 
In 2004, the State of the Forest Report for the Bulkley TSA presented indicators useful for judging progress towards stated LRMP objectives. This report addresses a subset of LRMP objectives (legally-binding ones) and is thus not comprehensive. The indicators used in this report are in many cases similar to those presented in the State of the Forest Report.
This report begins with a section describing the land base of interest—the Bulkley TSA. Subsequent sections describe each indicator in turn. Indicator sections are further divided into subsections, listing objectives addressed, describing the indicator and presenting results and conclusions. When appropriate, a recommendations section, included at the end of the results section, indicates that management action may be required.
In this first report on legal objectives, indicators provide a “snapshot” of the current land base. Future reports should also include a trends sections, comparing changes from previous reports.
Two companion documents provide additional detail: one presents methodology for calculating indicators; another provides full results for each indicator. This document limits results to those considered most relevant and provides some additional information for context.
Landbase

The majority of the Bulkley TSA (762,733 ha) is covered with forest (ecosystems dominated by large trees) managed by the Province of British Columbia or “crown” (Map 1). Non-crown land includes private, federal and Indian reserve land as well as small leases. Non-forest land consists mainly of alpine areas (Table 1). Analyses presented in this report focus on crown forest.

Table 1. Non-forest cover on crown land in the Bulkley TSA.

	Non-forest cover
	Area(ha)
	Non-forest cover
	Area(ha)

	Alpine
	114,899
	Lake
	5,062

	Alpine forest
	25,841
	Urban
	4,876

	Non-productive forest (e.g., shrubs)
	19,340
	River
	1,923

	Meadow
	8,462
	Rock
	1,323

	Wetland
	6,636
	Open Range
	976

	
	
	Other
	742

	
	
	
	190,080


Map 1. Land ownership and forest cover in the Bulkley TSA.
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Biodiversity 1.1.1. Seral stage distribution of Variants in Landscape Units
Objectives Addressed

Maintain biodiversity by maintaining a natural seral-stage distribution (Table 1)

Indicator Description
This indicator examines the relative abundance of different ecological units in the Bulkley TSA. Ecological units are defined as the intersection of Variants (defined by the Biogeoclimatic Ecosystem Classification System or “BEC”) with seral stage. Variants divide the landscape into regions of similar climate (but do not account for variation in soil or slope).  Seral stages divide forested land into units of characteristic stand structure (defined on the basis of stand age within a particular BEC Subzone). Landscape units divide the landscape into large areas based on watershed boundaries. They have some ecological relevance and are also used for planning. Forest harvesting changes seral stage distributions. Forest harvesting tends to focus on the more readily-accessible, lower-elevation Variants .
Targets for seral stage representation provide a “benchmark” with which to compare this indicator. Targets vary by Variant and landscape unit1. For example, high-biodiversity-emphasis targets require a higher proportion of mature and old forest than medium or low targets. Ideally, seral stage distributions should also be compared to a natural baseline. Note that high-biodiversity-emphasis targets retain less old forest than occurs naturally.
Results

Across the entire Bulkley TSA, all Variants, except for the ICHmc2, exceed minimum proportions of old forest; all Variants fall below maximum amounts of early seral (relative to high-emphasis-biodiversity targets, 
Figure 1
).  Also, all Variants exceed minimum proportions of mature and old.
Within some landscape units and Variants, some seral stages do not fall within limits (Table 3). In some cases these shortfalls are artefacts of analyzing small areas: some landscape units include only small areas of a particular Variant even though these Variants are not rare on the landscape. In other cases, shortfalls of old forest likely result from natural disturbance (indicated by higher amounts of pole or mature forest), rather than from forest management. Some shortfalls appear to reflect management (at least partially).

Conclusions

Across the Bulkley TSA (not considering landscape unit boundaries), the risk of failing to maintain biodiversity because of skewed seral stage distributions at the Variant scale is low to moderate, except in the ICHmc2 where risk is high. Risk is approaching high in the SBSdk.

This objective has not been met.

Seral stage objectives were not met in the following Variants and landscape units (only Variants with areas greater than 500 ha area included; Table 2).
Table 2. Variants and landscape units that fail (X) of almost fail (x) to meet seral stage targets.
	Variant and landscape unit
	Young
	Mature & Old
	Old

	ICHmc2 in Corya
	X
	
	X

	ESSFmc in Deep Ck
	
	
	X

	SBSdk in Deep Ck
	
	
	X

	ICHmc2 in Harold Price
	
	
	X

	ICHmc1 in Reiseter
	X
	
	

	ICHmc2 in Reiseter
	
	
	x

	ICHmc1 in Trout Ck
	x
	
	

	ICHmc2 in Trout Ck
	
	
	X


Recommendations 

Monitor ecological consequences of low amounts of old seral in ICHmc2. 

Prepare a management strategy to recruit mature forest or borrow nearby old forest to address seral stage shortfalls in identified Variants and landscape units.
Figure 1. Proportion of Variant area in each seral stage (young, pole, mature, old) in the TSA for different Natural Disturbance Types: a) NDT1, b) NDT2 and c) NDT3. For comparison, horizontal lines show minimum old and maximum young prescribed by high biodiversity targets.
a) NDT1
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b) NDT 2
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c) NDT3
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Table 3. Proportion of each Variant in each seral stage (Young, Pole, Mature, Old) for different landscape units;  and proportion of each seral stage available before seral stage limits are exceeded. Bold text highlights Variants that do not meet targets. Approximately ten thousand hectares of alpine and parkland Variants are not included here.
	LU
	Variant
	Area(ha)
	Current Proportion
	Available Proportion

	
	
	
	Y
	P
	M
	O
	Y
	M+O
	O

	Babine
	ESSFmc
	29,712
	0.10
	0.06
	0.51
	0.33
	0.26
	0.56
	0.24

	
	SBS mc 2
	67,151
	0.22
	0.11
	0.08
	0.58
	0.32
	0.44
	0.47

	Blunt
	ESSFmc
	16,559
	0.13
	0.06
	0.22
	0.60
	na
	0.68
	0.51

	
	ESSFwv
	20
	0.00
	0.00
	0.97
	0.03
	na
	0.86
	-0.06

	
	ICH mc 1
	22
	0.01
	0.00
	0.00
	0.99
	na
	0.85
	0.90

	
	SBS mc 2
	8,733
	0.37
	0.06
	0.03
	0.54
	na
	0.46
	0.43

	Bulkley
	ESSFmc
	3,233
	0.05
	0.09
	0.65
	0.22
	na
	na
	na

	
	ESSFwv
	856
	0.00
	0.03
	0.41
	0.57
	na
	na
	na

	
	ICH mc 1
	2,591
	0.15
	0.07
	0.49
	0.29
	na
	na
	na

	
	ICH mc 2
	3,356
	0.28
	0.22
	0.46
	0.03
	na
	na
	na

	
	SBSdk
	11,901
	0.32
	0.26
	0.17
	0.26
	na
	na
	0.16

	
	SBS mc 2
	8,106
	0.32
	0.28
	0.12
	0.28
	na
	na
	0.18

	Chapman
	ESSFmc
	12,728
	0.21
	0.03
	0.37
	0.39
	na
	0.62
	0.30

	
	SBS mc 2
	16,993
	0.49
	0.06
	0.04
	0.42
	na
	0.35
	0.31

	Copper
	CWHws2
	4,467
	0.05
	0.00
	0.21
	0.74
	0.31
	0.61
	0.65

	
	ESSFmc
	6,607
	0.16
	0.11
	0.54
	0.19
	0.20
	0.45
	0.10

	
	ESSFwv
	20,782
	0.07
	0.04
	0.37
	0.53
	0.15
	0.54
	0.34

	
	ICH mc 1
	7,759
	0.18
	0.19
	0.33
	0.30
	0.18
	0.31
	0.21

	
	MH  mm 2
	10,995
	0.04
	0.00
	0.13
	0.83
	0.18
	0.60
	0.64

	
	SBS mc 2
	5,095
	0.24
	0.13
	0.08
	0.55
	0.30
	0.40
	0.44

	Corya
	ESSFwv
	6,410
	0.06
	0.01
	0.33
	0.60
	0.11
	0.39
	0.32

	
	ICH mc 1
	3,701
	0.12
	0.01
	0.19
	0.67
	0.15
	0.40
	0.54

	
	ICH mc 2
	2,133
	0.30
	0.11
	0.49
	0.09
	-0.03
	0.12
	-0.04

	Deep Creek
	ESSFmc
	3,731
	0.00
	0.63
	0.31
	0.06
	na
	0.23
	-0.03

	
	SBSdk
	1,592
	0.09
	0.51
	0.30
	0.09
	na
	0.29
	-0.02

	
	SBS mc 2
	8,963
	0.03
	0.38
	0.43
	0.16
	na
	0.48
	0.05

	Harold Price
	ESSFmc
	5,914
	0.04
	0.28
	0.41
	0.26
	0.32
	0.40
	0.17

	
	ESSFwv
	5,809
	0.01
	0.14
	0.47
	0.38
	0.21
	0.49
	0.19

	
	ICH mc 1
	2,269
	0.03
	0.14
	0.74
	0.09
	0.33
	0.52
	0.00

	
	ICH mc 2
	593
	0.05
	0.02
	0.92
	0.00
	0.31
	0.61
	-0.09

	
	SBS mc 2
	13,216
	0.25
	0.02
	0.19
	0.54
	0.29
	0.50
	0.43

	Kitseguecla
	ESSFwv
	3,259
	0.15
	0.02
	0.40
	0.44
	0.07
	0.47
	0.25

	
	ICH mc 1
	1,928
	0.30
	0.00
	0.24
	0.46
	0.06
	0.39
	0.37

	
	ICH mc 2
	2,926
	0.32
	0.06
	0.51
	0.10
	0.04
	0.31
	0.01

	Nilkitkwa
	ESSFmc
	21,109
	0.04
	0.05
	0.40
	0.50
	0.23
	0.49
	0.37

	
	SBS mc 2
	3,749
	0.12
	0.02
	0.03
	0.84
	0.28
	0.52
	0.68

	Reiseter
	ESSFmc
	19,219
	0.04
	0.11
	0.54
	0.31
	0.32
	0.57
	0.22

	
	ESSFwv
	76
	0.00
	0.04
	0.96
	0.00
	0.22
	0.60
	-0.19

	
	ICH mc 1
	7,079
	0.39
	0.09
	0.32
	0.20
	-0.03
	0.21
	0.11

	
	ICH mc 2
	2,557
	0.16
	0.23
	0.52
	0.09
	0.20
	0.30
	0.00

	
	SBSdk
	972
	0.22
	0.12
	0.53
	0.13
	0.32
	0.43
	0.02

	
	SBS mc 2
	12,982
	0.11
	0.25
	0.14
	0.49
	0.43
	0.40
	0.38

	Telkwa
	CWHws2
	5,090
	0.08
	0.01
	0.39
	0.52
	0.28
	0.57
	0.43

	
	ESSFmc
	27,045
	0.03
	0.19
	0.39
	0.39
	0.33
	0.50
	0.30

	
	ESSFmk
	2,583
	0.01
	0.01
	0.48
	0.51
	0.21
	0.62
	0.32

	
	ESSFwv
	6,252
	0.11
	0.05
	0.25
	0.59
	0.11
	0.48
	0.40

	
	ICH mc 1
	81
	0.26
	0.17
	0.33
	0.24
	0.10
	0.26
	0.15

	
	SBSdk
	3,143
	0.21
	0.23
	0.43
	0.14
	0.33
	0.34
	0.03

	
	SBS mc 2
	28,193
	0.29
	0.14
	0.19
	0.38
	0.25
	0.34
	0.27

	Torkelson
	ESSFmc
	14,632
	0.13
	0.16
	0.38
	0.33
	0.14
	0.29
	0.20

	
	ESSFwv
	259
	0.00
	0.00
	0.71
	0.29
	na
	0.86
	0.20

	
	SBS mc 2
	24,621
	0.25
	0.21
	0.26
	0.29
	na
	0.43
	0.18

	Trout Creek
	ESSFwv
	4,971
	0.10
	0.05
	0.49
	0.36
	0.12
	0.48
	0.17

	
	ICH mc 1
	5,889
	0.36
	0.04
	0.31
	0.30
	0.00
	0.29
	0.21

	
	ICH mc 2
	3,641
	0.20
	0.20
	0.57
	0.03
	0.16
	0.29
	-0.06

	
	SBSdk
	781
	0.12
	0.30
	0.06
	0.52
	0.42
	0.35
	0.41

	
	
	495,035
	
	
	
	
	
	
	


Biodiversity 1.2.3. Spatial distribution of protection zones (parks, SMZ1, core, corridor)
Objectives Addressed
Maintain biodiversity by representing a cross section of naturally-occurring ecosystems in core ecosystems identified in Map 3.

Indicator Description
This indicator shows the spatial distribution (i.e. a map) of different types of protection zones. While the objective focuses on core ecosystems, it is difficult to evaluate the conservation role of core ecosystems without considering the role of other types of protection.

Different classes of protection allow different activities. Parks do not allow commercial timber harvesting. Type 1 special management zones allow harvesting for the purposes of exploration and mining. Core areas allow harvesting for access routes, to control insects and disease and also for exploration and mining. Corridors limit harvesting using seral stage targets. Because parks, special management zones and core areas do not “regularly” allow harvesting, they are referred to as “strong” protection.

There is no clear guidance about the ecological merits of large versus small reserves and about the benefits of corridors versus non-linear reserves. The proportion of each distinct ecosystem protected is of primary importance.
Results

Forty-one percent (309,585 ha) of all land and thirty-four percent (169,553 ha) of the crown forest in the Bulkley TSA is given some form of protection; eighteen percent (90,551 ha) of crown forest is afforded strong protection (Table 4). The total area of strong protection is reduced by 25% to 67,725 ha if edge effects penetrate parks, smz1s and core ecosystems by 200m (see Indicator 1.2.5).

Protections zones range in size and shape and are relatively well connected (Map 2). Note however that the larger protected zones (Parks and SMZ1s) include less forest, thus, no large forested areas are protected.

Table 4. Area in each protection zone in the Bulkley TSA.
	Protection Zone
	Crown Forest
	All Land

	Parks
	18,654
	39,080

	Special Management Zones (Type 1)
	19,236
	66,279

	Core Ecosystems
	52,653
	92,259

	Landscape Riparian Corridors
	78,999
	111,926

	
	169,541
	309,545


Conclusions

Protected zones are well connected, however, no large tracts of forest are protected.

Recommendations

Increase contiguous forested area in selected protection zone.

Map 2. Parks, SMZ1s, Core Areas and Landscape Riparian Corridors.
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Biodiversity 1.2.1. Protection of sites and Variants
Objectives Addressed
Maintain biodiversity by representing a cross section of naturally-occurring ecosystems in core ecosystems identified in Map 3.

Indicator Description
This indicator calculates the proportion of each different ecological unit found in crown forest that is protected. Ecological units are defined as the intersection of BEC Variants with site classes. Variants divide the landscape into regions of similar climate (but do not account for variation in soil or slope).  Site classes divide the landscape into units based on dominant tree species and productivity (reflecting soil and slope); they are based on analysis units used in timber supply analysis. Ideally, site classes should be based on BEC site series, however predicted site series information available for the Bulkley TSA is not considered to be sufficiently reliable. Over time, seral stage distributions in protected areas should reflect natural disturbance, thus seral stage is a less important part of this indicator, but relevant in the short term.
Results

Most crown forest given protection is mature or old (Table 5).

Table 5. Proportion of each seral stage in each protection class.

	Protection
	Area
	Young
	Pole
	Mature
	Old

	Park
	18,654
	0.02
	0.08
	0.42
	0.49

	SMZ1
	19,239
	0.01
	0.09
	0.53
	0.38

	Core
	52,657
	0.05
	0.15
	0.38
	0.42

	Strong
	90,551
	0.03
	0.13
	0.42
	0.42

	
	
	
	
	
	

	Corridor
	79,002
	0.14
	0.14
	0.26
	0.46

	Strong + Corridor
	169,553
	0.08
	0.13
	0.35
	0.44


Protection varies by Variant (Figure 2). Strong protection ranges from 100% to 9% of crown forest. Core ecosystems provide the bulk of the strong representation of forested Variants. When corridors are included, protection remains above 29%. Corridors significantly boost protection in low elevation subzones.

Strong protection varies by site productivity and by leading-tree-species (Figure 3). High-productivity sites are less well protected than low-productivity sites. Fir sites are better protected than sites with other leading species. This may reflect more protection of higher elevation Variants. When corridors are included, high-productivity sites are still less well protected, however, all species are afforded similar protection. Combinations of site classes and Variants with strong protection of less than 10% are shown in Table 6.

Figure 2. Proportion of crown forest within each Variant falling within different classes of protection (parks, SMZ1s, core ecosystems and corridors).
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Figure 3. Proportion of each site productivity class and each leading-tree-species class falling within a) strong protection and b) strong protection or corridors. Applies only to crown forest.
a) strong protection
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b) strong protection and LRC
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Table 6. Combinations of Variants and sites (based on leading-tree-species and site productivity class) having less than 10% strong protection; combinations with less than 5% are highlighted in bold.
	
	
	
	Proportion of area

	Variant
	Site
	Area (ha)
	Park
	SMZ1
	Core
	Strong
	LRC

	CWHws2
	Fir-medium
	2,738
	0.00
	0.03
	0.07
	0.10
	0.31

	CWHws2
	Hemlock-medium
	1,484
	0.00
	0.00
	0.08
	0.08
	0.15

	ESSFmc
	Pine-good
	1,892
	0.00
	0.01
	0.02
	0.04
	0.17

	ESSFmc
	Spruce-good
	2,577
	0.00
	0.00
	0.02
	0.02
	0.10

	ESSFwv
	Hemlock-medium
	872
	0.00
	0.00
	0.08
	0.08
	0.14

	ESSFwv
	Hemlock-poor
	1,583
	0.00
	0.00
	0.09
	0.09
	0.16

	ESSFwv
	Spruce-good
	539
	0.00
	0.00
	0.00
	0.00
	0.07

	ESSFwv
	Spruce-medium
	1,090
	0.00
	0.00
	0.09
	0.09
	0.04

	ICH mc 1
	Hemlock-good
	2,886
	0.01
	0.00
	0.06
	0.07
	0.16

	ICH mc 1
	Hemlock-medium
	3,616
	0.00
	0.00
	0.07
	0.07
	0.29

	ICH mc 1
	Pine-good
	1,595
	0.00
	0.00
	0.10
	0.10
	0.14

	ICH mc 1
	Pine-medium
	1,747
	0.00
	0.00
	0.05
	0.05
	0.28

	ICH mc 1
	Spruce-good
	2,436
	0.00
	0.00
	0.04
	0.04
	0.16

	ICH mc 1
	Spruce-medium
	3,771
	0.01
	0.00
	0.06
	0.07
	0.17

	ICH mc 2
	Aspen
	1,862
	0.00
	0.00
	0.10
	0.10
	0.42

	ICH mc 2
	Birch
	544
	0.00
	0.00
	0.04
	0.04
	0.18

	ICH mc 2
	Fir-good
	1,048
	0.00
	0.00
	0.07
	0.07
	0.15

	ICH mc 2
	Hemlock-good
	1,383
	0.00
	0.00
	0.07
	0.07
	0.16

	ICH mc 2
	Pine-good
	1,676
	0.00
	0.00
	0.07
	0.07
	0.24

	ICH mc 2
	Pine-medium
	1,003
	0.00
	0.00
	0.06
	0.06
	0.13

	MH  mm 2
	Hemlock-medium
	542
	0.00
	0.00
	0.06
	0.06
	0.18

	SBSdk
	Aspen
	4,579
	0.01
	0.00
	0.08
	0.09
	0.23

	SBSdk
	Cottonwood
	1,228
	0.00
	0.00
	0.08
	0.08
	0.40

	SBSdk
	Pine-medium
	1,795
	0.00
	0.00
	0.04
	0.05
	0.17

	SBSdk
	Spruce-medium
	1,423
	0.00
	0.00
	0.10
	0.10
	0.25

	SBS mc 2
	Fir-good
	21,472
	0.05
	0.00
	0.04
	0.08
	0.18

	SBS mc 2
	Fir-medium
	19,327
	0.01
	0.00
	0.04
	0.05
	0.19

	SBS mc 2
	Fir-poor
	3,712
	0.00
	0.00
	0.02
	0.02
	0.23

	SBS mc 2
	Pine-good
	29,857
	0.05
	0.00
	0.04
	0.09
	0.17

	SBS mc 2
	Spruce-good
	26,452
	0.04
	0.00
	0.04
	0.08
	0.20


Conclusions

Core ecosystems and corridors are vital to overall protection of forested ecosystems, however, activity levels allowed in corridors make their conservation value uncertain.

Considering only strong protection, long-term risk to biodiversity is high in most forested Variants because less than 25% of the Variant is protected. SBS and ICH Subzones are most at risk. If corridors are included, long-term risk to biodiversity drops to moderate in forested Variants.
High productivity sites are less well represented than low and medium productivity sites.

Recommendations

Minimize alteration of corridors.

Biodiversity 1.2.5. Protection of interior forest
Objectives Addressed

Maintain biodiversity by maintaining some areas with forest interior conditions in core ecosystems identified in Map 3.

Indicator Description
Edge effects occur near the boundaries of dissimilar ecosystems. If forest management creates very different ecosystems (e.g., roaded, harvested) outside of protected areas than are found inside, then edge effects may penetrate protected areas and reduce the value of the habitat near the edge. While assuming that edge effects apply to protected areas in general is an oversimplification (ideally, the juxtaposition of seral stages should be considered), this indicator provides an estimate of the effective area of protection in the worst case.
The distance that edge effects penetrate into ecosystems varies. Many penetrate between 50 and 200m (some shorter, some longer). This indicator assumes a 200m penetration.

Edge effects were not calculated for corridors because “edge” is not meaningful if development occurs inside the protection zone.

Results

Strong protection, defined as the combined area of Parks, SMZ1s and Core Ecosystems and covering eighteen percent (90,551 ha) of crown forest, decreases by 25% to 67,725 ha if edge effects penetrate parks, smz1s and core ecosystems by 200m. Edge effects are more pronounced in Variants that have smaller proportions protected (i.e., a smaller percentage of protected forest is interior; Table 7).
Table 7. Proportion of each BEC Variant strongly protected and proportion strongly protected and greater than 200m from unprotected areas (“interior strong”). 

	Variant
	Area (ha)
	Proportion of area
	Percent Interior

	
	
	Park
	SMZ1
	Core
	Strong
	Interior Strong
	

	BAFAun
	
	0.04
	0.46
	0.19
	0.70
	0.57
	81

	CWHws2
	
	0.00
	0.02
	0.14
	0.17
	0.12
	71

	ESSFmc
	
	0.06
	0.08
	0.13
	0.26
	0.21
	80

	ESSFmcp
	
	0.05
	0.39
	0.18
	0.61
	0.53
	86

	ESSFmk
	
	0.00
	0.61
	0.14
	0.75
	0.59
	79

	ESSFmkp
	
	0.00
	1.00
	0.00
	1.00
	0.97
	98

	ESSFwv
	
	0.00
	0.03
	0.18
	0.21
	0.15
	70

	ESSFwvp
	
	0.00
	0.06
	0.18
	0.25
	0.22
	88

	ICH mc 1
	
	0.00
	0.00
	0.11
	0.12
	0.06
	55

	ICH mc 2
	
	0.00
	0.00
	0.12
	0.12
	0.07
	60

	MH  mm 2
	
	0.00
	0.00
	0.24
	0.24
	0.16
	67

	MHmmp
	
	0.00
	0.00
	0.45
	0.45
	0.39
	86

	SBSdk
	
	0.00
	0.00
	0.09
	0.10
	0.06
	59

	SBS mc 2
	
	0.04
	0.00
	0.05
	0.09
	0.07
	69


Conclusions
Protected portions of the SBSdk, ICHmc1 and ICHmc2 Variants are most likely to be negatively influenced by edge effects..
Recommendations
Limit the extent of young seral forest adjacent to protected portions of the ICHmc1, ICHmc2 and SBSdk Variants.

Biodiversity 1.2.4. Seral stage distribution of sites and Variants in the TSA
Objectives Addressed
Maintain biodiversity by representing a cross section of naturally-occurring ecosystems in core ecosystems identified in Map 3.
Indicator Description

As described in Indicator 1.2.1, BEC Variants, site classes and seral stages can be used to divide the landscape into ecological units for the purpose of assessing representation. Examining the proportion of each ecological unit protected (see Indicator 1.2.1) gives an estimate of long term ecological condition. Assessing change in ecological condition over time requires successive estimates of current condition, thus, this indicator estimates current ecological condition. It examines the composition of ecological units across the entire landscape.
Ecological variability on the landscape can be examined at several scales. Dividing Variants into site classes provides a more detailed view of ecological variability.
Assessing ecological condition requires that the composition of the landscape be compared to some benchmark composition. In this case, we use intermediate-emphasis biodiversity targets. Ideally, indicator results should be compared to a “natural-landscape” benchmark. 

Results

Of the 115 ecological units created by intersecting Variant with site class, 23 have seral stage distributions that do not meet intermediate biodiversity targets and are larger than 500 ha (Table 8). Units with small areas (i.e. less than 500 ha) are more likely to be influenced by chance events and less likely to reflect management, thus, they were not included. Most of the sites that only fail to meet the old forest targets are dominated by young seral species (e.g., aspen, pine) and thus the old targets are likely inappropriate. Several sites have high proportions of young and very little mature or old forest, likely reflecting logging.
Conclusions

High- and medium-productivity spruce and pine sites in the SBS, ICH and ESSF Subzones have more young forest and less old forest than is typical for the Subzone (see Biodiversity 1.1.1). To the extent that theses sites are ecologically different from other sites, risk to biodiversity is high. Sites with limited amounts of mature and old are most at risk.
Recommendations

Confirm results by evaluating the seral stage distribution of sites series, because site series (or groups thereof) better stratify ecological variation.

Focus harvesting on less threatened sites. In particular avoid harvesting sites with the lowest proportions of mature and old forest.
Table 8. List of sites within Variants where one or more seral stages fail (in bold text) to meet intermediate biodiversity targets.

	
	
	
	Seral Stage Proportion
	Target Proportion

	Variant
	Site
	Area (ha)
	Young
	Pole
	Mature
	Old
	Young
	Mat + Old
	Old

	ESSFwv
	Spruce-good
	539
	0.98
	0.00
	0.01
	0.01
	0.22
	0.36
	0.19

	ESSFwv
	Spruce-medium
	1,090
	0.85
	0.02
	0.09
	0.04
	0.22
	0.36
	0.19

	ICH mc 1
	Spruce-good
	2,436
	0.77
	0.03
	0.16
	0.04
	0.36
	0.31
	0.09

	ICH mc 2
	Pine-medium
	1,003
	0.65
	0.11
	0.24
	0.00
	0.36
	0.31
	0.09

	ICH mc 1
	Pine-medium
	1,747
	0.53
	0.24
	0.23
	0.00
	0.36
	0.31
	0.09

	ESSFwv
	Pine-poor
	983
	0.45
	0.35
	0.19
	0.01
	0.22
	0.36
	0.19

	ESSFmc
	Spruce-good
	2,577
	0.61
	0.07
	0.25
	0.07
	0.36
	0.28
	0.09

	ICH mc 2
	Pine-good
	1,676
	0.56
	0.07
	0.37
	0.00
	0.36
	0.31
	0.09

	ICH mc 1
	Pine-good
	1,595
	0.55
	0.00
	0.45
	0.00
	0.36
	0.31
	0.09

	SBSdk
	Pine-medium
	1,795
	0.45
	0.32
	0.20
	0.02
	0.54
	0.23
	0.11

	ICH mc 2
	Spruce-medium
	1,840
	0.36
	0.09
	0.50
	0.04
	0.36
	0.31
	0.09

	ICH mc 1
	Pine-poor
	825
	0.35
	0.53
	0.12
	0.00
	0.36
	0.31
	0.09

	ICH mc 1
	Spruce-medium
	3,771
	0.54
	0.07
	0.30
	0.09
	0.36
	0.31
	0.09

	ESSFmc
	Pine-good
	1,892
	0.31
	0.07
	0.62
	0.00
	0.36
	0.28
	0.09

	ESSFmc
	Pine-medium
	6,154
	0.31
	0.23
	0.46
	0.01
	0.36
	0.28
	0.09

	ICH mc 2
	Spruce-good
	2,339
	0.29
	0.10
	0.58
	0.03
	0.36
	0.31
	0.09

	ESSFmc
	Pine-poor
	6,025
	0.16
	0.39
	0.45
	0.00
	0.36
	0.28
	0.09

	SBS mc 2
	Aspen
	5,684
	0.12
	0.56
	0.23
	0.09
	0.54
	0.23
	0.11

	ICH mc 2
	Fir-good
	1,048
	0.12
	0.25
	0.56
	0.06
	0.36
	0.31
	0.09

	ICH mc 1
	Aspen
	584
	0.09
	0.52
	0.39
	0.00
	0.36
	0.31
	0.09

	ICH mc 2
	Aspen
	1,862
	0.03
	0.46
	0.51
	0.00
	0.36
	0.31
	0.09

	ICH mc 2
	Birch
	544
	0.01
	0.58
	0.41
	0.00
	0.36
	0.31
	0.09

	ICH mc 2
	Cottonwood
	1,849
	0.01
	0.06
	0.88
	0.05
	0.36
	0.31
	0.09


Biodiversity 1.2.7. Interior old forest in the TSA
Objective Addressed

Maintain biodiversity by maintaining some areas with forest interior conditions in core ecosystems identified in Map 3.

Indicator Description
While the objective focuses on protected areas, assessing change in ecological condition over time requires successive estimates of current condition, thus, this indicator estimates the current status of interior forest.

Edge effects occur near the boundaries of dissimilar ecosystems. Edge effects that penetrate old forest are of particular concern because the amount of old forest is declining. This indicator assumes that edge effects arise when young seral stages lie adjacent to old seral stages; it only considers impacts on old forest. 
The distance that edge effects penetrate into ecosystems varies. Many penetrate between 50 and 200m (some shorter, some longer). This indicator assumes a 200m penetration.

Results

Edge effect decrease the amount of old forest habitat by 25% (Table 9). Edge effects are most  pronounced in the SBSdk.

Table 9. Proportion of each BEC Variant in each seral stage and proportion of old seral forest more than 200m from young seral forest (“interior old”). 

	Variant
	Area (ha)
	Proportion
	% Interior Old

	
	
	Young
	Pole
	Mature
	Old
	Interior Old
	

	CWHws2
	9,557
	0.07
	0.00
	0.31
	0.62
	0.50
	0.80

	ESSFmc
	160,490
	0.08
	0.12
	0.42
	0.38
	0.33
	0.88

	ESSFmk
	2,583
	0.01
	0.01
	0.48
	0.51
	0.49
	0.97

	ESSFwv
	48,694
	0.07
	0.05
	0.38
	0.50
	0.42
	0.84

	ICH mc 1
	31,318
	0.25
	0.09
	0.34
	0.31
	0.20
	0.62

	ICH mc 2
	15,207
	0.24
	0.16
	0.53
	0.06
	0.04
	0.58

	MH  mm 2
	10,995
	0.04
	0.00
	0.13
	0.83
	0.74
	0.90

	SBSdk
	18,389
	0.27
	0.27
	0.24
	0.23
	0.11
	0.47

	SBS mc 2
	197,803
	0.25
	0.14
	0.14
	0.46
	0.30
	0.65

	Total
	495,035
	0.17
	0.12
	0.29
	0.42
	0.32
	0.75


Conclusions

Edge effects are severe in the SBSdk, increasing risk to biodiversity (based on seral stage distribution) from moderate to high. Edge effects worsen the high-risk situation in the ICHmc2.
Recommendations

Avoid fragmenting mature and old forest into small patches, by preferentially harvesting smaller, more isolated patches.
Biodiversity 1.2.8. Protection of endangered communities
Objectives Addressed

Maintain biodiversity by retaining representative examples of rare and endangered plant communities in core ecosystems identified in Map 3.

Indicator Description

This indicator shows the protected proportion of potential red and blue listed ecological communities that occur within the Bulkley TSA (Table 10). It uses a predicted ecosystem map (PEM) to identify site series that may contain red and blue listed plant communities. Red and blue listed plant communities usually occur in old seral forest. In PEM, site series are often grouped. In this analysis the area of the group was divided among the individual site series.
Note that red- and blue-listed wetland communities could not be included in this analysis because wetland maps are not available.

Conservation of red and blue listed plant communities requires significant protection, because these communities already face high risk.
Table 10. Site Series with red or blue listed ecological communities in the Bulkley TSA
. Red. All communities listed here are not ranked globally
	Site Series
	Ecological Community (Latin name)
	CDC Rank*
	Provincial Rank**

	CWHws2 02
	Pinus contorta / Arctostaphylos uva-ursi
	S2
	Red

	CWHws2 04
	Abies amabilis - Thuja plicata / Gymnocarpium dryopteris
	S3
	Blue

	CWHws2 07
	Picea sitchensis / Rubus spectabilis Wet Submaritime 2
	S3
	Blue

	CWHws2 08
	Populus balsamifera ssp. trichocarpa / Cornus stolonifera
	S3
	Blue

	ICHmc1 02,  ICHmc2 02
	Tsuga heterophylla / Arctostaphylos uva-ursi / Cladonia spp.
	S3
	Blue

	ICHmc2 54
	Picea engelmannii x glauca - Betula papyrifera / Oplopanax horridus
	S3
	Blue

	SBSdk 02
	Pinus contorta / Juniperus communis / Oryzopsis asperifolia
	S3
	Blue

	SBSdk 04
	Pseudotsuga menziesii / Pleurozium schreberi - Hylocomium splendens
	S3
	Blue

	SBSdk 08
	Populus balsamifera ssp. trichocarpa / Cornus stolonifera - Rosa acicularis
	S2
	Red

	SBSdk 81
	Amelanchier alnifolia / Elymus trachycaulus
	S2
	Red

	SBSdk 82
	Poa secunda ssp. secunda - Elymus trachycaulus
	S1
	Red


*Conservation Data Centre Rank: S1 = critically imperilled, S2 = imperilled, S3 = special concern, vulnerable to extirpation or extinction.

**Red = Extirpated, endangered or threatened; Blue = communities of special concern
Results

Red-listed plant communities (CWHws2 02; SBSdk 08,81,82) are poorly protected (Figure 4). In particular, only 2% of the SBSdk 08 and 8% of the CWHws2 02 are strongly protected. If corridors are added, the SBSdk 08 becomes well protected, however, the protection afforded by corridors is uncertain. Some blue-listed communities are better protected.
Figure 4. Proportion of red- and blue-listed ecosystems protected in different protection zones. Landscape riparian corridors allow harvesting and may not provide adequate protection.
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Conclusions

Existing strong protection zones leave most red- and blue-listed plant communities at high risk (over the long term). Risk ranges from moderate to high if corridors are included.
Recommendations

Identify and protect red- and blue-listed plant communities while planning harvesting and grazing.
Biodiversity 1.2.9. Seral stage distribution of endangered Communities in the TSA
Objectives Addressed

Maintain biodiversity by retaining representative examples of rare and endangered plant communities in core ecosystems identified in Map 3.

Indicator Description

This indicator shows the seral stage distribution of site series that may contain red and blue listed ecological communities that occur within the Bulkley TSA (Table 10). It uses a predicted ecosystem map (PEM) to identify site series that may contain red and blue listed plant communities. Red and blue listed plant communities usually occur in older forest.

Note that red- and blue-listed wetland communities are not included in this analysis.

Results

Three sites in the CWHws2 are dominated by mature and old forest. Dry sites (02)in the CWHws2 and ICHmc1, mc2 and all sites in the SBSdk have little mature and old forest (Figure 5).

Conclusions

The seral stage distribution suggests that some site series are supporting endangered plant communities and some are not

Drawing conclusions about management is difficult. Some disturbance of dry sites may have resulted from logging, however, dry sites are often excluded from cutblocks.

Recommendations

Exclude dry sites (02) from cutblocks.

Figure 5. Proportion of red- and blue-listed site series in different age classes in CWH, ICH and SBS Variants.
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Biodiversity 1.2.10. Logging in protection zones
Objectives Addressed

Maintain biodiversity by representing a cross section of naturally-occurring ecosystems in core ecosystems identified in Map 3.
Indicator Description
The area logged in protected zones indicates the extent to which protection zones actually protect constituent ecosystems. Logging causes temporary disturbance and alters seral stages. Logging usually increases road access.
Different classes of protection allow different activities. Parks do not allow timber harvesting. Special management zones allow harvesting for the purposes of exploration and mining. Core areas allow harvesting for access routes, to control insects and disease and also for exploration and mining. corridors limit harvesting using seral stage targets.
Results

Since the LRMP in 1988, there has been very little logging in parks and special management zones (Table 11). Logging in core ecosystems and corridors has continued, but declined. Note that objectives for core ecosystems and corridors did not become legal until 2000.
Table 11. Area logged (ha) in each protection zone and total percent of zone logged.
	Period of logging
	Park
	SMZ1
	CE
	LRC
	All Zones

	unknown
	252
	2
	171
	600
	1,025

	1961-1970
	259
	0
	184
	1,213
	1,656

	1971-1980
	11
	0
	175
	1,757
	1,944

	1981-1990
	93
	0
	341
	3,753
	4,187

	1991-2000
	7
	0
	154
	1,793
	1,954

	2001-2005
	0
	0
	7
	24
	31

	All periods
	622
	2
	1,032
	9,141
	10,798

	Percent of protection zone logged
	0.03
	0.00
	0.02
	0.12
	0.06


Conclusions

Since 2001, harvesting within protection zones has posed low risk.
Biodiversity 1.2.11. Roads in protection zones
Objectives Addressed

Maintain biodiversity by representing a cross section of naturally-occurring ecosystems in core ecosystems identified in Map 3.
Indicator Description

Road development in protected zones indicates the extent to which protection zones actually protect constituent ecosystems. Roads lead to increased disturbance and mortality risks for wildlife. Roads bring invasive plants. This indicator covers the entire landbase in each protection zone, not just crown forest.

Ideally, this indicator should divide roads and trails into different classes based on use, however, available data does allow this differentiation.

Results

Currently, corridors are heavily roaded (Table 12).
Table 12. Road and trail length and density in different protection zones.

	Zone
	Total Area (ha)
	Road and trail (km)
	Road and trail density (km/km2)

	Park
	39,080
	106.5
	0.27

	SMZ
	66,289
	47.6
	0.07

	CE
	92,282
	178.8
	0.19

	LRC
	111,974
	1,211.9
	1.08

	All
	309,625
	1,544.8
	0.50


Conclusions

No firm conclusions can be drawn because different types of road cannot be distinguished, however, total road access in corridors is very high. Risk to biodiversity (related to road access) appears high in corridors.

Recommendations

Deactivate roads and restrict access to corridors.

Biodiversity 1.3.1 & 1.3.2. Mature and old seral stages in Landscape Riparian Corridors
Objectives Addressed

Maintain, within a managed forest setting, habitat connectivity across the landscape by maintaining landscape corridors dominated by mature tree cover and containing most of the structure and function associated with old forest, identified in Map 3.

Maintain, within a managed forest setting, movement and dispersal of organisms in landscape corridors identified in Map 3.

Indicator Description

This indicator shows the amount of mature and old forest in Landscape Riparian Corridors. Corridors aim to provide connectivity across the landscape for species that use mature and old seral forest. Corridors along watercourses also serve to protect riparian habitat. Harvesting is allowed in corridors within limits.

Although this objective is somewhat vague, terms such as “dominated” and “most” suggest that more than 70% of corridor area should be mature and old.

In this analysis, each corridor is treated separately, because the objective focuses on connectivity.
Results

Considered together, corridors consist mainly (73%) of mature and old forest (Table 13). However, only 59% of  individual corridors (area weighted) have more than 70% mature and old forest (Table 14, Map 3).  Several corridors have less than 25% old forest.
Table 13. Proportion of crown forest in each seral stage in all corridors.
	All land (ha)
	Crown Forest (ha)
	Young
	Pole
	Mature
	Old

	123,893
	83,841
	0.13
	0.14
	0.28
	0.45


Table 14. Proportion of corridors, by area, and number of corridors in each of four classes of mature and old forest abundance.

	Percent Mature + Old Forest
	70-100
	50-70
	25-50
	0-25
	Total

	Proportion of corridor area
	0.59
	0.28
	0.10
	0.03
	1.00

	Number of corridors or segments
	102
	33
	16
	10
	161


Conclusions
Based on forest age, risk to the connectivity portion of biodiversity is low in most corridors, however, some corridors have moderate or high risk.
This objective has not been met.
Recommendations

Monitor ecological conditions in high-risk corridors. Prepare a strategy to address shortfalls.
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Biodiversity 1.4.1 Tree species composition of young seral forest
Objectives Addressed
Maintain a diversity of coniferous and deciduous species representing the natural species composition for each biogeoclimatic subzone.

Indicator Description

Tree species composition provides a direct measure of ecosystem diversity.  Different tree species also differentially influence other species, particularly epiphytes and cavity nesters, and soil conditions.

This indicator focuses on the composition of the young seral stage because this stage is most influenced by forest management. Ideally the composition of the young seral stage should be compared to a natural benchmark, however, no natural benchmarks are available. Thus, the composition of young seral is compared to the composition of the pole seral stage. The pole seral stage has not been greatly influenced by forest management (i.e., limited harvesting occurred in the TSA prior to 1966) and should have a similar tree species composition to the young seral stage, considering the longevity of early seral tree species and natural successional changes. The pole seral stage likely underestimates the proportions of tree species that colonize disturbed sites and overestimates the proportion of species that regenerate in shaded understories. Results presented below also show mature and old seral stages so that trends in species composition from pole to old can be used to extrapolate a natural early seral stage.
Tree species have been combined into groups for ease of presentation (Table 15).

Table 15. Tree species groups.

	Tree species group
	Species included

	Fir
	Abies amabalis, lasiocarpa

	Hemlock
	Tsuga heterophylla ,mertensiana

	Cedar
	Thuja plicata

	Spruce
	Picea engelmannii, glauca, sitchensis and crosses

	Black Spruce
	Picea mariana

	Pine
	Pinus contorta, albicaulis

	Birch
	Betula paperifera

	Aspen
	Populus tremuloides

	Cottonwood
	Populus balsamifera


Results
Four variants (ICH mc1, ICH mc2, SBS dk, SBS mc2) have less area of deciduous trees than expected in young seral, with very large differences in the ICH mc2 and SBS dk (Figure 6). Four variants (ESSF mc, ESSF wv, MH mm2, CWH ws2) have less area of fir and or hemlock than expected in young seral: hemlock is all but missing from the young seral stage of three subzones where it is normally found. Note that hemlock and fir may grow up in later seral stages, but deciduous trees will not. Note also that inventories may overestimate the proportion of pine and spruce in young seral stands.
Conclusions

Risk to biodiversity associated with tree species composition is high. Fir, hemlock and deciduous trees are being lost from the young seral stage. Loss of deciduous species is of particular concern because they do not invade older seral stages.
Recommendations

Evaluate the accuracy of early seral species composition data and confirm results. Prepare discussion paper that consider impacts on tree species composition and on commercial timber production.

Figure 6. Proportion of each tree species group in each seral stage in each Variant.
a) ICH mc1                                                                                           b) ICH mc2
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c) SBS dk                                                                                             d) SBS mc2
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Figure 6 continued. Proportion of each tree species group in each seral stage in each Variant.

e) ESSF mc                                                                                         f) ESSF wv
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g) MH mm2                                                                                         h) CWH ws2
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Biodiversity 1.4.2 Deciduous stand classes in young seral forest
Objectives Addressed

Maintain a diversity of coniferous and deciduous species representing the natural species composition for each biogeoclimatic subzone.

Indicator Description

Deciduous forests play different ecological roles than coniferous ones. This indicator examines the proportion of stands (by area) in each Variant that contain some deciduous species (cottonwood, aspen, birch). It divides deciduous stands into four classes of composition (1-25%, 26-50%, 51-75%, 76-100%) 

This indicator focuses on the composition of the young seral stage because this stage is most influenced by forest management. Ideally the composition of the young seral stage should be compared to a natural benchmark, however, no natural benchmarks are available. Thus, the composition of young seral is compared to the composition of the pole seral stage (logged stands not included). The pole seral stage has not been greatly influenced by forest management and should have a similar tree species composition to the young seral stage, considering the longevity of early seral tree species and natural successional changes. Results presented below also show mature and old seral stages so that trends in species composition from pole to old can be used to extrapolate a natural early seral stage.

Results

The total proportion of young seral deciduous stands is about half of natural proportions (estimated from Pole seral stage) in most Variants (somewhat higher in the ICHmc1 and lower in the CWHws2; Figure 7). In the ESSFwv, no young seral deciduous stands exist despite an abundance of young coniferous forest.
Although significant proportions of the ICHmc1, ICHmc2, SBSdk and SBSmc2 (10-64%) are covered by deciduous-leading stands (> 50% deciduous naturally), only very small proportions of deciduous-leading stands occur in young seral forest (e.g., 1 or 2%; 4% in the SBSdk).
Conclusions

Risk to biodiversity associated with deciduous species composition is high. 

Recommendations

Confirm results. Prepare discussion paper examining deciduous management options.
Figure 7. Proportion of each deciduous abundance group in each seral stage in each Variant.

a) ICH mc1                                                                                         b) ICH mc2
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c) SBS dk                                                                                           d) SBS mc2
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Figure 7 continued. Proportion of each deciduous abundance group in each seral stage in each Variant.

e) ESSF mc                                                                                         f) ESSF wv
[image: image25.emf]0.00

0.10

0.20

0.30

0.40

0.50

Young Pole Mature Old

Seral Stage

Proportion of Area

1-25

26-50

51-75

76-100

Deciduous (%)

    [image: image26.emf]0.00

0.10

0.20

0.30

0.40

0.50

Young Pole Mature Old

Seral Stage

Proportion of Area

1-25

26-50

51-75

76-100

Deciduous (%)


g) CWH ws2
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Biodiversity 1.5.1. Wildlife tree patches in Variants & Landscape Units

Objectives

Maintain a diversity of attributes of old forest, such as coarse woody debris and standing dead and live trees, in managed stands in the percentages identified in Table 2.

Indicator Description

Natural disturbances typically leave behind a legacy of live trees, snags, downed wood and undisturbed vegetation and soil from the original forest. Such remnants increase structural diversity, providing habitats for some species that use old forest structure and may serve as a “lifeboat” for some species to survive in an otherwise hostile environment.
This indicator measures the proportion of cutblock area retained in wildlife tree patches during different periods and in different Variants and Landscape Units. Legal objectives define target percentages of wildlife tree patches for each Variant in each Landscape Unit. Ideally, wildlife tree patches should be compared to a natural benchmark.

Results

Results are presented for three periods (Figure 8). Prior to 1995 (and the start of regulations requiring wildlife tree patches), zero to five percent of cutblock area was allocated to wildlife tree patches. After 1995, most targets were met. Since 1997 (marking the establishment of Bulkley Landscape Unit Plans), all targets have been met; some have been greatly exceeded.
Figure 8. Percent area in wildlife tree patches in different Variants during different periods
. Horizontal bars show weighted average target percentages for each Variant.
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Conclusions

Wildlife tree patch targets are being met.
Moose 2.1.1. Age class distribution of edge habitats and cover types
Objectives

Provide woody browse in moose winter habitat identified in Map.

Provide visual screening, security, thermal and snow-interception cover in moose winter habitat identified in Map.

Indicator Description

This indicator shows the age class distribution near important habitat features (water features, including lakes and wetlands; shrubby areas, including non-productive brush and non-commercial brush). It shows the age class distribution of different forest cover types.

Moose habitat use is influenced by forest cover type and by seral stage. Moose preferentially use wetlands and shrubby areas for foraging; young forest adjacent to these features leave moose vulnerable to hunting.
Results

Moose habitat covers 109,163 ha (Table 16, 
Map 4
), of which 48,135 ha is managed by the crown. Forest less than 20 yrs old is relatively uncommon near important habitat features (Table 17). Older forest dominates all cover types (Table 18).
Table 16. Habitat features within mapped moose habitat.

	Habitat Feature
	Lake 
	River
	Swamp
	Shrubs

(NCBR)
	Shrubs

(NPBR)
	Meadow
	Forest 
	Other
	 

	Area (ha)
	425
	1,292
	753
	3,249
	2,104
	16
	71,242
	30,081
	109,163


Table 17. Proportion of crown forest area in each age class within 100m of shrub and water features.
	Feature
	Area (ha) within 100m
	Proportion in Age Class

	
	
	0-20
	21-40
	41-80
	81-140
	141-250
	250+

	Shrub
	3,196
	0.08
	0.06
	0.10
	0.33
	0.42
	0.02

	Water
	1,764
	0.03
	0.03
	0.12
	0.34
	0.47
	0.01

	Shrub + water
	253
	0.03
	0.06
	0.05
	0.26
	0.60
	0.00

	All features
	5,213
	0.06
	0.05
	0.10
	0.33
	0.45
	0.01


Table 18. Proportion of each cover type in each age class (crown forest).
	Cover Type*
	Area (ha)
	
	Age
	Class
	
	

	
	
	0-20
	21-40
	41-80
	81-140
	140+

	Broadleaf
	
	0.01
	0.01
	0.25
	0.50
	0.23

	Conifer
	
	0.05
	0.10
	0.08
	0.35
	0.42

	Mixed
	
	0.09
	0.04
	0.15
	0.40
	0.33

	All
	
	0.05
	0.07
	0.12
	0.39
	0.36


*broadleaf = > 75% broadleaf; conifer = > 75% conifer; mixed = 25-75% conifer
Conclusions

Risk appears low. Consult moose biologist.

Map 4. Wildlife habitat units, except for grizzly bear.
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Moose 2.1.3. Roads in edge habitats in moose winter range
Objectives Addressed

Provide visual screening, security, thermal and snow-interception cover in moose winter habitat identified in Map 3.

Indicator Description

Road access increases risk of mortality from collisions and hunting. This indicator measures the density of roads and trails in moose winter habitat and near (within 100 m) of selected habitat features. Ideally, this indicator should divide roads into classes reflecting frequency of use (including gating), however, such information is not available.

Results

Overall, road density is very high in moose winter range (Table 19). On average, all habitats are within 250m of roads (2km/km2). Road density is lower if only crown land is considered (but still high). Road density near habitat features (brush and water) is lower than elsewhere within the moose winter range but still high (Table 20).
Table 19. Road density in moose winter habitat.
	Ownership
	Area (ha)
	Road (km)
	Road density (km/km2)

	Crown
	48,134
	769.4
	1.60

	All
	109,156
	2,490.1
	2.28


Table 20. Road density near brush and water habitat features within moose winter range.
	
	Crown land
	
	
	All land
	
	

	Habitat Feature
	Area (ha)
	Road (km)
	Road Density

(km/km2)
	Area (ha)
	Road (km)
	Road Density

(km/km2)

	Brush
	5,875
	70.3
	1.20
	12,715
	234.4
	1.84

	Water
	3,153
	38.9
	1.23
	6,685
	109.6
	1.64

	Both Water and Brush
	769
	5.4
	0.71
	1,252
	11.8
	0.94

	All Water and Brush
	9,797
	114.6
	1.17
	20,652
	355.7
	1.72


Conclusions

Consult moose biologist. Road density appears to be high.
Goat 2.2.1 Age class distribution of goat habitat and adjacent area
Relevant objectives

Provide thermal and snow interception cover and forage in mountain goat habitat
 identified in Map 3.

Indicator Description

This indicator describes the age class distribution in and around goat habitat. Young forests do not intercept snow nor provide thermal cover.
Results

The majority of forest in and around goat habitat is old (Table 21)
Table 21. Age class distribution of crown forest in and around goat habitat.

	Habitat Zone
	all land
	crown forest
	0-20
	21-40
	41-80
	81-140
	140+

	Goat Habitat
	140,682
	33,163
	0.02
	0.01
	0.02
	0.07
	0.88

	Buffer (200m)
	18,158
	11,002
	0.04
	0.01
	0.01
	0.06
	0.88

	Total
	158,840
	44,165
	0.03
	0.01
	0.02
	0.07
	0.88


Conclusions

Risk to goats, resulting from young seral forest, is low.

Goat 2.2.3 Road density in goat habitat and adjacent area
Objectives Addressed
Provide security to mountain goats in mountain goat habitat identified in Map 3 by limiting disturbance.

Indicator Description

Road construction and subsequent road use near goat habitat increases disturbance. This indicator measures the density of roads and trails near goat habitat. Ideally, this indicator should divide roads into classes reflecting frequency of use (including gating), however, such information is not available.
Results

Goat habitat covers 140,683 ha of land (mostly crown). A 1000m buffer around the habitat covers 114,733 ha, but only 82,676 ha of crown land. Road and trail density is very low within goat habitat, but higher in the surrounding buffer (Table 22). There is little difference between considering crown land or all land.
Table 22. Road and trail density in and around goat habitat.
	Ownership
	
	Area (ha)
	Road (km)
	Density (km/km2)

	Crown
	Goat
	140,647
	70
	0.05

	
	1000m Buffer
	82,676
	241
	0.29

	
	Total
	223,323
	310
	0.14

	
	
	
	
	

	All
	Goat
	140,682
	70
	0.05

	
	1000m Buffer
	114,733
	247
	0.22

	
	Total
	255,415
	316
	0.12


Conclusions

Risk posed by roads near goat habitat appears low. Uncertainty is high.
Caribou 2.3.1. Logging in caribou habitat and recovery area
Objectives Addressed
Provide large areas of inactivity over a rotation in the Telkwa Caribou Recovery Area identified in Map 3.

Avoid caribou displacement, by reducing human, caribou and predator interaction, in the Telkwa Caribou Herd Recovery Area identified in Map 3.
Indicator Description

This indicator shows logging activity by year. Logging activity in and around caribou habitat increases the chances of displacement.
Results

Of 84,571 ha of land in the TCRA, 55,964 ha are crown forest, divided among different Variants (Table 23). Between 1981 and 1990, logging was frequent in the SBS (Map 5, Figure 9, Figure 10). Logging began in the ESSF in 1989. Since then, logging has been divided approximately evenly between the SBS and ESSF, but less area has been logged than prior to 1988. An inactive period began in 2001.

Of 6,468 ha of land in key habitat (all crown), 5,163 ha are forested. Only a small portion of the forested area (78 ha or 1.5%) has been logged (Map 5, Figure 11). The current inactive period began in 2000.
Table 23. Area of crown forest in each Variant in the TCRA.
	Variant
	Area (ha)

	BAFAun
	88

	CWH ws 2
	1,949

	ESSFmc
	24,012

	ESSFmcp
	904

	ESSFmk
	2,029

	ESSFmkp
	583

	SBS dk
	8,936

	SBS mc 2
	17,464

	 
	55,964


Conclusions

Risk of caribou displacement from logging is appears low currently.
Recommendations

Consult a caribou biologist.

Map 5. Roads and cutblocks in the Telkwa Caribou Recovery Area.
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Figure 9. Area harvested in TCRA.
[image: image31.emf]0

500

1000

1500

2000

2500

3000

3500

Unknown 56-60 61-65 66-70 71-75 76-80 81-85 86-90 91-95 96-00 01-05

Period

Area logged (ha)

Key Habitat

SBS (non-key)

ESSF (non-key)


Figure 10. Area harvested by year (since 1981) in SBS and ESSF non-key caribou habitat.
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Figure 11. Area harvested by year (since 1981) in key caribou habitat.
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Caribou 2.3.2. Seral stage distribution in caribou habitat
Objectives Addressed
Provide forests with mature and old characteristics in Key Forested Caribou habitat identified in Map 3.

Provide long-term supply of terrestrial and arboreal lichen forage in Key Forested Caribou habitat identified in Map 3.

Provide security cover in the Telkwa Caribou Recovery Area identified in Map 3.

Indicator Description

This indicator shows the age class distribution of forest in caribou habitats. Mature and old forests provide arboreal lichens and security cover.

Results

The majority of forest is greater than 140 yr old and should be capable of supporting abundant arboreal lichens (Figure 12). The high proportion of young forest (0-20) in the SBS represents a disturbance rate (more than 1% per year) that could eliminate old forest within 100 years.
Figure 12. Age class distribution of caribou habitats.
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Conclusions

Based on seral stage distributions, risk to caribou forage appears low; risk to caribou security appears low in the ESSF and moderate in the SBS.

Recommendations

Consult a caribou biologist.
Caribou 2.3.3. Road density in caribou habitat and recovery area
Objectives Addressed

Provide large areas of inactivity over a rotation in the Telkwa Caribou Recovery Area identified in Map 3.

Avoid caribou displacement, by reducing human, caribou and predator interaction, in the Telkwa Caribou Herd Recovery Area identified in Map 3.
Indicator Description

This indicator determines the length of road in and near different caribou habitats. Roads can lead to increased human activity and related displacement. Roads can be used as travel corridors by predators. Roads are needed for resource extraction, but can be gated or deactivated to limit access.
The distance over which a road can influence habitat use varies with species and traffic levels. As an example, a road density of 1.0 km/km2, with evenly spaced roads, means that all forest lies within 500m of a road.

Ideally this indicator should divide roads into classes based on ease of access (e.g., main, secondary, tertiary, gated, deactivated), however, data describing road class is not available.

Results

Roads cover the SBS (Map 5, Table 24); they potentially provide access to some subalpine habitats and some key habitats.
Table 24. Road density in different caribou habitats. The area “near key” habitat overlaps with other non-key habitat.

	Habitat
	Area (ha)
	Road (km)
	Road Density (km/km2)

	Key
	6,468
	17.6
	0.27

	Near Key (100 m buffer)
	1,290
	4.5
	0.35

	Alpine (BAFAun)
	10,163
	0.9
	0.01

	Subalpine
(ESSFmcp, mkp)
	9,321
	6.6
	0.07

	ESSFmc, mk
	24,834
	74.9
	0.30

	SBSdk,mc2
	31,623
	608.6
	1.92

	CWHws2
	2,163
	0.0
	0.00

	Total
	84,571
	708.7
	0.84


Conclusions
It is difficult to draw conclusions about risk of displacement without knowing actual road use (or at least accessibility). Potentially, risk is high in the SBS.
Recommendations

Prepare road maps that include road standards, gating and deactivation information. Estimate amount of use in different habitats. Consult caribou biologist.

Grizzly 2.4.1. Logging in grizzly bear habitats and management units
Objectives Addressed

Limit road development and the number and duration of entries within moderate-value grizzly bear habitat identified in Map 3.

Provide opportunities for movement with minimal disturbance from humans between important landscape features in the Boucher Creek Wetlands management unit, the Nichyeskwa South management unit and the Nichyeskwa North management unit (Map 3).

Indicator Description

This indicator shows logging activity by year. Logging activity in and around habitat increases the likelihood of displacement. Each hectare logged equates to approximately one day (xxxx) of time for a feller-buncher and to approximately 6 or 7 loads truck loads of wood.
Results

Grizzly bear management units and the Babine SMZ2 cover 34,237 ha (Table 25, Map 6); identified grizzly bear habitat covers 42,815 ha (Table 26, Map 6). 
Logging occurred infrequently in the Babine SMZ2 and in grizzly-bear-management units prior to 1992 (Figure 13). Between 1991 and 2001, logging has occurred in all management units and in SMZ2. Logging has somewhat focussed on specific management units over particular time periods. No logging has occurred since 2002.

Between 1991 and 2001, logging has occurred every year in both high-value and moderate-value grizzly bear habitat (Figure 14). Logging has occurred infrequently (3 of 11 yrs) in high-value-mixed-forest habitat. No logging has occurred since 2002. Note that grizzly bear habitats partially overlap management units and SMZ2.
Table 25. Total area and area of crown forest in different grizzly bear management units and in the Babine SMZ2. Note that the portion of SMZ2 area that overlaps bear management units has been removed.

	Management unit or zone
	Total area (ha)
	Crown forest (ha)

	Boucher Creek
	14,181
	9,675

	Nichyeskwa North
	9,743
	9,046

	Nichyeskwa South
	4,567
	4,146

	Babine SMZ2
	5,745
	5,411

	
	34,237
	28,278


Table 26. Total area and area of crown forest in different grizzly bear habitat units. Note that the portion of moderate value habitat that overlaps with other habitats has been removed.

	Habitat
	Total Area (ha)
	Crown Forest (ha)

	High-value
	14,468
	9,797

	Mixed-forest
	2,531
	2,237

	Moderate-value
	25,816
	22,907

	
	42,815
	34,940


Map 6. Grizzly-bear habitat and management units, and the Babine SMZ2.
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Figure 13. Area logged each year in grizzly bear management units and in the Babine SMZ2.
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Figure 14. Area logged each year in grizzly bear habitats.
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Conclusions

Risk to grizzly bears populations from disruption has been moderate to high since 1991 (except in mixed forest habitat where it is low) and low since 2002. Risk increases with the proportion of time that logging occurs.
Grizzly 2.4.2. Age class distribution of grizzly bear habitats
Objectives Addressed

Maintain high-value habitat buffered for security and bedding for grizzly bears in the locations identified in Map 3.

Maintain diverse understory within high-value, mixed forest habitat identified in Map 3.

Indicator Description

This indicator shows the age class distribution of conifer dominated and mixed (conifer and broadleaf) forest habitats that have been identified as high value to grizzly bear. Grizzly bears use denser conifer forests for shelter and more open mixed forests for foraging (XXXX). Harvesting increases the amount of young forest. Initially, young forest can provide foraging opportunities, however, over time, as the canopy closes, the immature forest provides little forage or shelter.
Results

Of about 17,000 ha of high-value and high-value-mixed-forest habitat, 71% is crown forest (Table xx above). Both habitat types are dominated by older age classes (Figure 15). Considering both habitats together, the amount of forest in the youngest age class is higher than in the next two older age classes, suggesting an increased rate of disturbance over the last 20 yr.
Figure 15. Proportion of area in different age classes in high-value and high-value-mixed-forest habitats.
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Conclusions

Risk to grizzly bear populations from alteration of high value habitat is low, however, risk will increase if the current disturbance rate continues.
Recommendations

Limit future alteration of high value habitats

Grizzly 2.4.3. Road density in grizzly bear habitats and management units
Objectives Addressed

Maintain high-value habitat buffered for security and bedding for grizzly bears in the locations identified in Map 3.

Limit road development and the number and duration of entries within moderate-value grizzly bear habitat identified in Map 3.

Avoid human-bear conflicts in high-value grizzly bear habitat identified in Map 3.

Provide opportunities for movement with minimal disturbance from humans between important landscape features in the Boucher Creek Wetlands management unit, the Nichyeskwa South management unit and the Nichyeskwa North management unit. (Map 3):

Indicator Description

This indicator shows road density within grizzly bear habitats and within grizzly bear management units. Roads can increase human activity in the area, leading to displacement and higher risks of bear mortality. Risks of mortality increase with the first road entering habitat. Risk further increases at a road density threshold of approximately 0.6 km/km2.
Note that available data did not allow distinction of active, gated and deactivated roads, thus data presented shows the maximum road density.

Results
All habitats and management units contain some roads (Map 6, Table 27, Table 28). Road density is approximately half of the 0.6 km/km2 threshold in high-value habitat. Road density is near the threshold in high-value-mixed-forest and moderate-value habitat. Road density in management units is higher than in habitats and, in all cases but one, exceeds the 0.6 km/km2 threshold. 
Table 27. Road density in grizzly bear habitats.
	Habitat
	Area (ha)
	Road (km)
	Road Density (km/km2)

	High-value
	14,468
	43.5
	0.30

	High-value, mixed-forest
	2,531
	14.4
	0.57

	Moderate-value (non-overlapping)
	25,816
	149.4
	0.58

	Total
	42,815
	207.4
	0.48


Table 28. Road density in grizzly-bear management units and the Babine SMZ2.
	MANANEMENT
	Area (ha)
	Road (km)
	Road Density (Km/km2)

	Boucher Creek
	14,196
	77.8
	0.55

	Nichyeskwa North
	9,743
	70.7
	0.73

	Nichyeskwa South
	4,567
	50.6
	1.11

	SMZ2 (non-overlapping)
	5,745
	52.0
	0.91

	Total
	34,253
	251.2
	0.73


Conclusions
Risk to grizzly bear populations associated with roads appears to be moderate within habitat and moderate to high within management units. Firm conclusions cannot be drawn because the accessibility of roads is unknown.
Recommendations

Prepare road maps that include road standards, gating and deactivation information.
Deer 2.5.1. Age class distribution of different forest types in mule deer winter range
Objectives Addressed

Provide woody browse during winter in deer habitat identified in Map 3.

Provide visual screening, security, thermal and snow-interception cover in deer habitat identified in Map 3.

Indicator Description

This indicator shows the proportion of forest (three types) in different age classes within mule deer winter range. Mule deer browse on deciduous trees in winter. They shelter under mature forest canopies. Harvesting removes old forest cover and subsequent planting promotes conifer domination of young stands. Note that mule deer winter range overlaps with moose winter range.

Results

Of 22,252 ha of mule deer winter range, 56% is forested and 28% is crown forest (Table 29). Most crown forest is between 81 and 140 yr. old (Figure 16); results for all forest do not differ greatly.
Table 29. Area and age class distribution of different forest types in mule deer winter range.
	Forest Type
	Definition
	Crown forest (ha)
	All land (ha)

	Broadleaf
	> 75% deciduous
	2,070
	5,920

	Conifer
	> 75% coniferous
	2,679
	3,755

	Mixed
	25-75% coniferous
	1,411
	2,822

	All
	
	6,160
	12,496


Figure 16. Age class distribution of different forest types in mule deer winter range (crown forest).
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Conclusions
Risk to deer, resulting from seral stage distribution appears low. Consult deer biologist.

Fish 3.1.1. Distance of lakes from roads
Objectives Addressed

Provide for lakes containing high-value fish habitat by maintaining lakes in a full spectrum of settings including semi-primitive and primitive.

Indicator Description

This indicator shows the proportion of lakes, divided into size classes, that fall in different distance-to-road classes. Road access classes were not included because they were unavailable. Easily-accessible lakes will have higher fishing pressure. Roads and culverts near lakes can limit fish passage and impact spawning beds. A variety of development activities increase road access.
Results

On average, 42% of lake area is within 500m of a road or trail and 35% of lake area is within 500m of a road or trail on crown land. Large lakes have a higher proportion of their area closer to roads on crown land than do small lakes (Figure 17).
Figure 17. Proportion of lake area in each distance to road class (for lakes of different sizes).
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Conclusions

A high proportion of lakes are near roads. 

Recommendations

Consult fish biologist for risk assessment.
Timber 4.1.1. Age class distribution of different sites in the timber-harvesting land base.

incomplete
Recreation Indicators

Several recreation indicators have not been completed due to funding limitations. Results for similar indicators can be found in Section 8 of the State of the Forest in the Bulkley Timber Supply Area.
· Recreation 5.1.1. Remoteness of park and non-park settings.

· Recreation 5.1.2. Motorised and non-motorised zones

· Recreation 5.1.3. Motorised and non-motorised trails

· Recreation 5.1.4. Remoteness of lakes

· Recreation 5.1.5. Accessibility of rivers

· Recreation 5.1.6. Remoteness of park and non-park settings based on gated roads
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