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About this Document

This document provides government guidance from the Ministry of Forests, Lands, Natural Resource
Operations and Rural Development (the “Ministry”) to forest professionals who design harvesting in
response to spruce beetle outbreaks now underway in the Omineca Region. The objective of this
guidance is to support considerations by professionals for carrying out spruce beetle
sanitation/suppression treatments. In this regard, the Ministry’s expectations are set out for:

e stand-level retention;
® landscape-level retention; and,
e use of legal and non-legal direction.

This guidance does not replace or preclude legal requirements or other sources of guidance that have
been previously issued by the Ministry.

Introduction

As we near the end of an era of unprecedented salvage operations in response to the mountain pine
beetle, a significant new outbreak of spruce beetle has begun within the Mackenzie and Prince George
timber supply areas (TSA). In turning our attention from managing pine-dominated ecosystems toward
spruce-dominated ecosystems, it is important that our practices adjust to suit the different ecological
conditions and issues of these unique ecosystems.

| note that there are many differences between mountain pine beetle and spruce beetle and this
document highlights some of those differences. There are lessons that can be learned from the
management responses to and outcomes of implementation of the Chief Forester’s Guidance document
titled: Guidance on Landscape- and Stand-level Structural Retention in Large-Scale Mountain Pine Beetle
Salvage Operations - December 2005. One such learning and a key goal of this guidance is to minimize
the unintended large amalgamated harvest openings that can result from a lack of coordinated
retention planning, and the associated risks to timber and non-timber values.

This document identifies the important differences between the mountain pine beetle and spruce
beetle that affect our management of their host forested ecosystems. Considerations are presented on:
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® Spruce-leading versus pine-leading ecosystems;

¢ Natural range of variability;

® Spruce beetle versus mountain pine beetle; and

e Lessons learned from previous guidance for beetle retention management (see Appendix 1)

Specific guidance is also provided relative to stand and landscape-level retention for harvesting in spruce
beetle impacted forests.

We recognize that there has been significant work done to address resource management issues
regarding spruce beetle management within the Mackenzie and Prince George Natural Resource
Districts. Relevant documents can be found at:
(https://www.for.gov.bc.ca/ftp/DPG/external/!publish/Spruce%20Beetle/Guidelines/Spruce%20Beetle
%20Management%20Direction/).

Resource management involves an increasingly complex balance between development and protection
of our natural resources. The Ministry is responsible for laws, policies and practices that seek to enable

this evolving balance between economic, social and environmental considerations for the use of British

Columbia’s crown forest and range resources, and to ensure that this balance rests upon a stewardship

foundation. Further, it is the duty of government to fulfil Government-to-Government agreements that
are signed with First Nations, and to address issues related to Aboriginal title, rights and interests.

Developing an optimal management response to the spruce beetle outbreak now underway in the
Omineca Region will require coordinated planning that addresses the management of both timber and
non-timber natural resource values. In the Omineca Region, government, forest licensees and First
Nations need to continue to work collaboratively to develop a coordinated response to emerging issues
including the spruce beetle outbreak.

Guidance

Based on the considerations contained in Appendix 1, the following is guidance to forest professionals
who are planning and implementing harvesting in response to spruce beetle. This guidance pertains to
spruce beetle sanitation activities:

Landscape-Level Retention:

1. Within the spruce beetle outbreak area, licensees are expected to collaborate with each other
and in partnership with the Provincial Government and First Nations to coordinate harvest
planning.
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2. Retention planning and reforestation activities need to consider the collective resource values,
including all 11 FRPA values, any cumulative effects management direction and local species
management guidance. Much of this can be found in the District Managers’ Letters of
Expectations. Post-harvest Silviculture activities can ensure there are no unnecessary
harvesting constraints, and habitat values are recovered more quickly.

3. Forest licensees should work together to develop a coordinated spatialized retention plan that
identifies areas between cut blocks that will be retained from harvesting for a minimum of 40
years.

4. The retention plan should be developed cooperatively so patch size objectives are known and
respected by all operators harvesting in the management unit, and should be as long-ranging as
practicable. The retention plan should set out how large or amalgamated openings will be
minimized.

5. Landscape biodiversity thresholds established in orders are legal requirements.

6. Plans should be spatially-explicit for landscape-level retention, considering the full range of
values for conservation. Where young seral openings are planned adjacent to each other, a
retention area should be identified between two openings.

7. The development of large (>1 000 ha) early seral openings (early seral is considered to be 0-40
year old)* should be clearly rationalized. Information about the mapping and analysis of early
seral openings is included in Appendix 4.

8. Marginally or non-impacted stands should be retained in order to contribute to the mid-term
timber supply.

9. Some of the areas where the current spruce beetle outbreaks are occurring have existing
harvesting history. New harvesting is expected to take into account these existing harvest
openings (i.e. young seral forest) and that any new harvesting and retention incorporates the
guidance provided in this document.

10. Retention areas should be co-located wherever possible to benefit multiple values.

11. Special consideration needs to be made in areas identified for Caribou management, and follow
government guidance for recovery.

! FRPA is a continuous improvement model, based on professional reliance and best available science. While the
land use orders set 20 years as a minimum age, the best available science indicates 40 years is the best practice.
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12. Forest licensees, First Nations and FLNR staff should work collaboratively to establish new
mechanisms for how to track, communicate and monitor harvesting, partial harvesting and
retention in response to the spruce beetle outbreak.

Stand-Level Retention:

13. Stand-level retention of mature /old forest structure should increase as the size of the harvest
patches increase:

Patch Size Percent of Patch Un-
harvested/Retained
<50 ha 10%
50-100 ha >10
101-1,000 ha >15%
>1,000 ha >25%

Information about the mapping and analysis of stand-level retention is contained in Appendix 3.

14. Stand-level retention should be planned to be representative of the forest that was present
before harvesting, considering all forest values. Retention should not be limited to non-
economic stands or trees. As patch size increases, there should be greater emphasis on
retention connectivity (e.g. in-block retention connected with block edges).

15. Stand-level retention, especially in spruce dominated ecosystems, should be planned
considering potential future wind and blowdown events. Refer to Maxwell 2010 for additional
information.

16. As many live and non-susceptible trees as possible — by species and age class — should be
retained to maintain the range of forest values. Ensure the impacts on all forest values including
mid- and long-term stand yields are considered.

17. Secondary stand structure (i.e., understory trees) should be retained and protected.

18. Partial harvesting silviculture systems® should be utilized to optimize harvest of trees attacked
by beetle while retaining healthy trees. Partial harvesting also mimics the naturally occurring
gap disturbance pattern created by spruce beetle.

> Partial harvesting silvicultural systems recommended include any partial harvesting method that mimics gap
disturbance patterns. The commonly used method of clearcutting with retention patches is not a recommended
partial harvesting system. See http://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-
resources/silviculture/silvicultural-systems
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The distance between cover for large and small animals should be managed in harvested
openings. This should include management of block edge, in-block retention and coarse woody
debris (CWD) management for amount, distribution and piece size. Within harvest blocks, the
distance to standing tree cover should not exceed 250 metres, and should be less on average
(Prince George Land and Resource Management Plan, 1999 and Omineca Regional Wildlife Tree
Patch Retention Guidance, 2005). Managing the distance between standing trees will also
support seed and pollen dispersal and will contribute to maintaining a natural range of genetic
variability (Leadem, C.L. et.al 1997).

Management of CWD should include maintaining large pieces and CWD in various patterns
(Chief Forester Guidance on Coarse Woody Debris Management, 2010).

Legal Requirements vs. Non-legal Expectations of Government

21.

22.

23.

24.

Government has established legal means (set out below) to conserve forests in order to meet
other values. This guidance appeals that management beyond these legal standards is necessary
in order to protect timber supply and address government’s duty to manage for multiple forest
resource values. As such, legal orders should be viewed as a baseline, or minimum, target for
retention.

In the Omineca Region, the thresholds for landscape level retention are regulated by law
through established land use orders that must be complied with. Legal orders include:

i. Order Establishing Provincial Non-Spatial Old Growth Objectives,
ii. Order Establishing Landscape Biodiversity Objectives in the Prince George TSA,
iii. Ministerial Order — Non-spatial Landscape Biodiversity Objectives in the
Mackenzie Forest District, and
iv. Order to Establish the Obo River and Fox Landscape Units and Objectives.

Some forest management units (i.e. area based tenures) have unique results or strategies that
address landscape biodiversity, and these are also to be followed.

Spatialized old growth areas, including legal and non-legal Old Growth Management Areas and
approved spatial recruitment areas, have been established in some biodiversity reporting units.
Proposed development within spatially identified old growth areas within the Mackenzie
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Natural Resource District are required to follow the Old Growth Management Area Amendment
Policy- Mackenzie Natural Resource District (January 2015) and all legal and non-legal Old
Growth Management Areas and approved spatial recruitment areas should consider the
Omineca Region — Guidelines for Spruce Beetle Treatment in Special Management Areas (2017)°.

25. Practitioners and licensees are expected to consider the local best management direction
provided by Government such as guidance in the District/TSA Forest Health Strategy.

E/B}fg/\;;,

Sept 21, 2017

Approved / Not Signature Date
Approved Diane Nicholls, ADM Chief Forester
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https://www.for.gov.bc.ca/ftp/DPG/external/!publish/Spruce%20Beetle/Guidelines/Spruce%20Beetle%20Management%20Direction/Omineca
%20Region%20Guidelines%20for%20Spruce%20Beetle%20Treatment%20in%20SMAs%20May%202017.pdf
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Appendix 1 - Considerations

The following sections discuss key considerations that should be incorporated into forest planning and
operations for management responses to the spruce beetle outbreak.

a. Spruce-leading vs. Pine-leading Ecosystems

The ecosystems where spruce beetle and mountain pine beetle occur are very different.

Lodgepole pine-leading stands that are impacted by mountain pine beetle typically regenerate naturally
from stand initiating events, such as fire. These ecosystems are typically drier and are even-aged.
Alternatively spruce-leading stands are typically found in wetter ecosystems, where stand initiating
events are less common, and tend to be associated with insect/disease and blowdown. These stands
tend to be of mixed age and species and have higher structural complexity.

Operations in spruce dominant ecosystems often pose a greater challenge than typical pine ecosystems.
For example:

¢ The terrain is often more challenging;

* There are often more identified sensitive areas and non-timber values including fish and wildlife,
recreation, terrain stability and visual quality;

e Disturbance recovery and stand regeneration times are longer; and

* There are often more riparian areas which harvesting and road construction operations need to
consider.

Hydrologic considerations for spruce beetle infested watersheds are also important. The magnitude of
hydrologic change at the watershed level will depend upon a variety of factors such as severity of attack,
time since attack as well as stand and ecosystem characteristics. Sanitation and salvage operations,
particularly in the wetter spruce ecosystems, may results in adverse hydrological responses, if mitigation
measures are not implemented. If a spruce beetle impacted stand is left unharvested, hydrologic
change occurs gradually, whereas clear-cut harvesting results in immediate change at the stand level
and contributes to the collective impacts on watershed hydrology. Hydrologic response to forest
harvesting such as increased peak flow have been observed when 20% or more of a watershed has been
disturbed (Stednick, 1996; Winkler et al., 2010). Specific operational considerations for minimizing
hydrologic response to beetle related harvesting are provided in Omineca Region - Guidelines for

Watershed Planning.
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Together, these factors increase the risk of detrimental impacts to sensitive areas and non-timber
resources for harvesting in spruce beetle impacted stands. Forest planning and operations must
consider and respond to this increased risk.

b. Natural Range of Variability

For the Omineca and Northeast Regions of the Ministry of Forests, Lands and Natural Resource
Operations and Rural Development, the best available information about natural range of variability and
recommended management guidance can be found in Technical Report 059, Land Units and Benchmarks

for Developing Natural Disturbance-based Forest Management Guidance for Northeastern British

Columbia (DelLong 2011). The follow excerpts are from the Wet Mountain natural disturbance unit
section of the document where the majority of the current spruce beetle outbreak is occurring.

In the absence of stand replacement disturbance, stands are affected by damaging agents
that operate in older stands, so-called matrix disturbance agents (Lewis and Lindgren 2000).
The agents most commonly associated with older trees in this Natural Disturbance Unit are
spruce beetle, western balsam bark beetle, tomentosus root disease, and stem decays such
as Indian paint fungus (Echinodontium tinctorium (Ellis & Everh.) Ellis & Everh.). These

agents alter stand species composition and horizontal and vertical structure by causing tree
mortality either on their own or with other damaging agents (e.g., wind, disease). Spruce
beetle may cause severe mortality at regular intervals, leading to a shift in species
composition to subalpine fir and release of suppressed trees (Lewis and Lindgren 2000).

Recommended Practices

Old forest: Since forests with “old forest characteristics” dominated the landscape in this
Natural Disturbance Unit, old forest reserves should be well distributed throughout all
watersheds. A high degree of connectivity between these old forest patches should be
planned since there was always a high degree of connectivity of old forest in the natural
landscape.

Young natural forest: Some proportion of areas disturbed by natural disturbance agents
(e.g., wildfires, pests, wind) should be left not salvaged to offer habitat (e.g., burned snags)
that cannot be provided by young managed stands.

Silvicultural system: Some form of partial cutting that approximates the effects of spruce
beetle attack would seem appropriate to maintain the type of stand structure most common
in the natural landscape. Some balance between this system and clear-cut with reserves to
approximate wildfire pattern is warranted.
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It is important to note that DeLong 2011 defines young seral forest as stands < 40 years old. For the Wet
Mountain natural disturbance unit (location of the majority of the current spruce beetle outbreak), 40 %
of natural disturbance was stand replacement and 60 % was gap replacement. Gap replacement is
disturbance openings caused by death of individual trees or small groups of trees.

Gaps are generally < 1 ha and remove 40% of the basal area of a stand. Additional information about
natural range of variability for natural disturbance units in the Omineca and Northeast regions can be
found in Appendix 1.

A significant body of knowledge supports the benefit of applying a resource management regime which
aligns with natural disturbance patterns and natural range of variability. As much as is practicable, forest
planning and operations for harvesting of spruce beetle impacted stands should aim to be consistent
with natural disturbance science and management principles.

c. Spruce Beetle vs. Mountain Pine Beetle

There are inherent differences between spruce beetle and mountain pine beetle and the stand
characteristics of the host tree species.

Typically, spruce beetles show a patchy dispersal pattern, both within a stand and across the landscape
resulting in a lower percentage of stand mortality when compared to mountain pine beetle attacked
stands. In part this is due to the nature of the “gap dynamic” uneven-age stand structure typically found
in spruce-dominated ecosystems. These ecosystems are both un-even aged and are comprised of
multiple species, giving them a diverse structure in comparison to fire-driven Lodgepole pine dominant
ecosystems. Although large diameter host trees are preferentially attacked by both mountain pine
beetle and spruce beetle, the diversity of individual tree age and size in spruce ecosystems, factors into
the typically lower mortality rate associated with spruce beetle events.

Insect behaviour plays an important role in the distribution pattern of host-tree mortality. Jackson et al.
2008 shows that mountain pine beetle can disperse between 30 and 110 kilometres per day when flying
with the wind above the forest canopy with a shorter range when flying within a stand (Safranyik 1989).
This most often results in extensive areas of mountain pine beetle killed pine. Studies available for
spruce beetle suggest dispersal is primarily limited to within a few hundred metres of the brood tree,
although they are capable of flights lasting over 11 kilometres nonstop in flight mill tests (Chansler
1960). Werner and Holsten (1997) show dispersal distances of spruce beetle from 90 metres to 300
metres in mark-recapture study of adult beetles captured in Alaska.

This evidence of localized dispersal for spruce beetle, in combination with a mixed one-year and two-
year life cycle, suggests that the spread of spruce beetle across the landscape is likely to be less
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aggressive than was observed at the height of the mountain pine beetle outbreak. At the peak of
mountain pine beetle populations, extreme behaviour was observed that was not previously
documented or anticipated (i.e. attack within juvenile stands or within stands with a low percentage of
pine). While there is always potential for unprecedented behaviour (Werner and Holsten 1997),
especially within the context of climate change, the evidence in the scientific literature, in combination
with our knowledge of historical spruce beetle outbreaks suggest that spruce beetle population growth
is unlikely to reach extremes comparable to the mountain pine beetle outbreak during the past decades.

Current science shows that spruce beetle biology, behaviour and infestation pattern is significantly
different than mountain pine beetle. It is expected that forest planning and operations will consider
these differences. It is also expected that government and licensees will continue to research and
monitor the spruce beetle outbreak and be responsive if and when changes occur.

d. Lessons Learned from Previous Guidance for Beetle Retention Management

In 2005 the Chief Forester released a document titled “Guidance on Landscape-and Stand-level
Structural Retention in Large-Scale Mountain Pine Beetle Salvage Operations” (Snetsinger 2005). In that
document the Chief Forester’s guidance can be roughly summarized as:

e At the landscape level, collaborative, multi-stakeholder, long-term landscape-level planning is
the best option of managing increased retention; and

e At the stand level, retention of mature and old forest structure should increase as the size of the
harvest patches increased.

The Forest Practices Board Special Report, Biodiversity Conservation during Salvage Logging in the
Central Interior of BC (FPB/SR/35) November 2009, it was reported that there was additional stand-level
retention, on a block by block basis, following the release of the Chief Forester’s guidance document.

However, there was no planning for, or implementation of a “conservation uplift” at the landscape-level.
The result of this lack of coordinated landscape (or between block) retention planning was large (>1 000
hectare) and very large (>10 000 hectare) young seral amalgamated harvest openings (functional
openings) when individual cut-blocks were planned with insufficient mature and old forest retention
between individual blocks. The Province of BC’s natural resource agencies issued two response
documents (May 13, 2010 and April 4, 2011) in which it was recognized that there is a lack of
coordinated landscape-level planning for retention of old and mature forest. Refer to the Forest
Practices Board website for additional documentation (https://www.bcfpb.ca/reports-

publications/reports/biodiversity-conservation-during-salvage-logging-in-the-central-interior-of-bc/).

Analysis of the retention and patch size in mountain pine beetle salvage harvesting areas indicated that
young seral patches (i.e. functional openings) in the large and very large patch sizes were common. The

10
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analysis indicated that in the Prince George TSA there were 14 functional openings that were larger than
10 000 hectares and the largest was greater than 60 000 hectares (lzzard 2016). These very large
functional openings had a median in-block retention level of 8% and a combined retention (including in-
block and remnant intra-patch mature/old forest) of 16%. This falls short of the guidance which
recommended 25% retention for large and very large harvest openings and may not be consistent with
natural disturbance patterns.

It is clear that forest professionals implemented the guidance provided by the Chief Forester on a block
by block basis, however retention in mountain pine beetle salvage falls short of the guidance particularly
in large (>1 000 ha) functional openings which have resulted from cumulative stand-level decisions for
individual cut blocks. Due to the scale of large and very large functional openings, increased risk to non-
timber values is likely high. Management practices need to avoid similar risks from occurring in the
ecosystems which are now facing impacts from the spruce beetle and associated harvest activities.
When planning for and implementing harvesting of spruce beetle impacted stands, best practices as
described in this guidance document will be implemented at both the stand and landscape level.

11



S

BRITISH
COLUMBIA

Appendix 2: Natural Range of Variation Additional Information

The following map displays natural disturbance units in northeastern BC as well as 2015-17 aerial
overview survey spruce beetle occurrence locations. A corresponding table is provided with natural
range of variability statistics. Refer to DeLong 2011 for additional information regarding natural range of
variability.

12
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Figure 1:

Natural disturbance units of northeastern BC and current spruce beetle outbreak
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Tablel: Estimates of statistics relating to temporal and spatial pattern of natural disturbance in the Natural Disturbance Units of the Prince George Forest Region (DeLong 2011).

Stand Time since disturbance distribution® (% of total forest area)® Patch Size (% of total disturbance area)® | Disturbance type (% of disturbance

Natural Disturbance Unit Replacement area)d
Disturbance >250 yrs >140 yrs >100 yrs <40 yrs >1000 | 100-1000 | 51-100 <50 Stand Gap

Cycle® Replacement Replacement®
Boreal Plains - Alluvial 200° 23-36 44 -57 61-66 18-24 0 0 40° 60° 80 20
Boreal Foothills - Mountain 150 15-25 33-49 43 -62 19-36 40 30 10 20 80 20
Boreal Plains — Upland 100 6-12 17-33 28-49 25-50 70 20 5 5 98 2
Boreal Foothills — Valley 120 8-17 23-40 33-55 19-45 40 30 10 20 90 10
McGregor Plateau 220 26 -39 43 -61 54-72 13-31 40 45 5 10 90 10
Moist Interior - Mountain 200 23-37 41-61 52-72 12-33 40 30 10 20 70 30
Moist Interior - Plateau 100 6 -12 17 -33 28-49 25-50 70 20 5 98 2
Moist Trench - Mountain 300 39-50 58 -69 66 -77 10-22 60 30 5 70 30
Moist Trench — Valley 150 15-25 33-49 43 -62 19-36 70 20 5 90 10
Northern Boreal Mountains 180° 20-35 37-60 48 -70 12-34 60° 30° 5¢ 5¢ 70 30
Omineca - Mountain 300 39-50 58 - 69 66 - 77 10-22 40 30 10 10 70 30
Omineca - Valley 120 8-17 23-40 33-55 19-45 60 30 5 5 95 5
Wet Mountain 900 74 - 80 84 - 89 88 -93 3-7 10 60 10 20 40 60
Wet Trench - Mountain 800 70-77 80 - 88 83-92 4-11 10° 60° 10° 20° 40 60
Wet Trench - Valley 600 63 -72 76 - 84 81-90 4-11 10° 60° 10° 20° 60 40

® Disturbance cycles are the inverse of disturbance rate (% of total forested area/yr) x 100. Unless noted in the text, disturbance rates were derived using methodology outlined in DeLong (1998) and generalized

for the NDU.

® This is the range in percent of the total forested area within the NDU, that has not had a stand replacement event for the specified time period, estimated to be present at any one time. See Section 2 for details
on how the estimate was determined.
© Patch size distributions were estimated using methodology outlined in DeLong (1998) except where noted in the table.

9 Based on expert opinion.

¢ Disturbance openings caused by death of individual trees or small groups of trees. Gaps generally < 1ha in size and removing <40% of the basal area of a stand.

14
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Appendix 3: Information about the mapping and analysis of stand-level retention

When a new cut-block is proposed it is important to consider what impact the new block will have to
existing functional openings or amalgamated early seral patches. This will require consideration of
adjacency to and size of other harvesting. A methodology for determining functional openings or young
patch size distribution is outlined in Appendix 4.

For mapping and assessing stand-level retention, two main methods for mapping and assessing have
been implemented, as illustrated in the diagram below. These methods were identified in the Forest
Practices Board Report of 2009. In both of the methods of calculation the retention with the patch
delineation illustrated below, the result was a greatly increased distribution of patches in the larger
opening classifications (250-1 000ha, >1 000ha) than is found in the individual cut-blocks.

Although the harvest-plus method of delineation identified larger patch sizes, the inclusion of intra-
patch remnant mature/old areas in this method resulted in a higher percentage of retention compared
to the harvest-only method. These findings were consistent with a Forest Analysis and Inventory Branch
(FAIB) discussion paper completed for the Prince George TSA (lzzard 2016).

15
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Cutblocks

Blocks harvested in different years
are outlined and shown
in different colours.

| Theseharvestblocksare the starting
point for patch delineation.

Harvest-only patches =
Contiguousareas of harvesting
are joined together.

Each harvest only patchis shown
in a different colour.

1 Thelarge green patch

is over 16 000 hectaresin size.

Harvest-plus patches =
Contiguousareas of harvesting

are joined with adjacent unharvested
areas, that are influenced by harvesting,
(shown in deep purple).

Patches, like the large green harvest-
onlypatch, can become much larger
because nearby patches are joined
together. The large green harvest-plus
patch extends south and west of the
frame and is over 70 000 hectares in
size.

Figure 2: Illustration of applying the two methods of patch delineation to a portion of the study area (Forest
Practices Board, 2009)

In reference to spruce beetle related harvesting:

Spruce beetle disturbance tends to follow a patchy distribution. It is important to manage the mid-term
timber supply to maintain the viability of the forest industry. Although individual cut-blocks have unique
characteristics and challenges, there will be opportunities to balance short and long term economics
along with provisions for non-timber resources with sanitation and salvage harvesting of spruce beetle
impacted stands. Whereas large contiguous functional openings were often the norm for mountain pine
beetle salvage, they should be the exception not the rule in the case of spruce salvage.

16
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For the purposes of harvest planning and operations in spruce beetle impacted stands, retention of
stand-level mature /old forest structure should increase as the size of the harvest patches increase.

page 17

Table 2. Recommendation for stand-level retention based on patch size_using the Harvest — plus patches

method.
Patch Size Percent of Patch Un-
harvested/Retained
<50 ha 10%
50-100 ha >10
101-1,000 ha >15%
>1,000 ha >25%

By clearly defining the patch size evaluation method, foresters can more accurately interpret stand-level

retention guidance.

17
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Appendix 4: Mapping and analysis of early seral openings information

The following methodology is provided as guidance for mapping and analysis of early seral, functional
openings or young forest patch size and distribution. Refer to Order Establishing Landscape Biodiversity
Objectives for the Prince George Timber Supply Area October 20, 2004 - Implementation Policy for
additional information.

Young Forest Patch Size Distribution

Analysis Steps for Patch Size

1. Identify all patches < 50 ha and buffer by 75 m.

a. If any of these patches touches another patch that also has a 75 m buffer then
they must be within 150 m. Merge these patches and de-buffer by 75 m.

b. Assess all patch sizes in hectares. Identify all patches <50 ha and remove from
further analysis.

2. Identify all remaining patches >50 ha and buffer by 100 m.
a. Any patches touching must be within 200m. Merge and de-buffer.
b. Identify all patches <100 ha and remove from further analysis.

3. Identify all remaining patches >100 ha and buffer 200 m.
a. Any patches touching must be within 400m. Merge and de-buffer.
b. Identify all patches <500 ha and remove from further analysis.

4. Identify all remaining patches >500 ha and buffer by 300 m.
a. Any patches touching must be within 600m. Merge and de-buffer.
b. Identify all patches <1000 ha and remove from further analysis.

5. Identify all remaining patches >1000 ha and buffer by 400 m.
a. Any patches touching must be within 800m. Merge and de-buffer.

6. Bring all of the coverage’s created in steps 1-5 back into one spatial dataset. Some of the
smaller patches may now reside within the perimeter of the larger patches.

Note: this methodology was also implemented in the Biodiversity Conservation during Salvage Logging
in the Central Interior of B.C. FPB/SR/35

18



Retention Guidance for harvesting in response to Spruce Beetle Outbreaks page 19

References

Chansler, J.F. 1960. Some factors influencing the performance of the Engelmann spruce beetle. MF
thesis. University of Michigan, Ann Arbor, USA.

Delong, S.C. 2011. Land units and benchmarks for developing natural disturbance-based forest
management guidance for northeastern British Columbia. B.C. Min. For. Range, For. Sci. Prog., Victoria,
B.C. Tech. Rep. 059. Available at: www.for.gov.bc.ca/hfd/pubs/Docs/Tr/Tr059.htm

Forest Practices Board. 2009. Biodiversity Conservation during Salvage Logging in the Central Interior of
B.C. FPB/SR/35. Available at: https://www.bcfpb.ca/wp-content/uploads/2016/04/SR35-Salvage-
Logging.pdf

Izzard, K. 2016. TSR5 Retention and Patch Analysis: Discussion Paper. Prince George TSA. BCFLNRORD,
Forest Analysis and Inventory Branch, Victoria, B.C.

Jackson,P.L., D. Straussfogel, B.S. Lindgren, S. Mitchell, and B. Murphy. 2008. Radar observation and
aerial capture of mountain pine beetle, Dendroctonus ponderosae Hopk. (Coleoptera: Scolytidae), in
flight above the forest canopy. Canadian Journal of Forest Research. 38:2313-2327.

Leadem, C.L,, S.L. Gillies, H.K. Yearsley, V. Sit, D.L. Spittlehouse, and P.J. Burton 1997. Land Management
Handbook 40. Field Studies of Seed Biology. (specifically page 70) Available at:
https://www.for.gov.bc.ca/hfd/pubs/docs/Imh/Imh40 2.pdf

Lewis K. J. & Lindgren S. B. 2000. A conceptual model of biotic disturbance ecology in the central interior
of BC: How forest management can turn Dr. Jekyll into Mr. Hyde. The Forestry Chronicle 76: 433-443.

Maxwell, S., D.S. Green, and W. Zhang. 2010. Identifying the determinants of windthrow damage in
wildlife tree patches in the Boreal White and Black Spruce biogeoclimatic zone of northeastern British
Columbia. BC Journal of Ecosystems and Management 10(3):1-8. Available at:
http://jem.forrex.org/index.php/jem/article/view/435/350

Province of British Columbia 1999. Prince George Land and Resource Management Plan
https://www.for.gov.bc.ca/tasb/slrp/pdf/LRMP/Prince%20George LRMP.pdf

Province of British Columbia. 2004. Order Establishing Landscape Biodiversity Objectives for the Prince
George Timber Supply Area and Implementation Policy. Available at:
https://www.for.gov.bc.ca/tasb/slrp/srmp/north/prince_george tsa/pg tsa biodiversity order.pdf

Province of British Columbia. 2005. Omineca Regional Wildlife Tree Patch (WTP) Retention Guidance.
Available at: http://www.env.gov.bc.ca/omineca/documents/wtp retention guideline march2005.pdf

Province of British Columbia. 2009. Order Establishing Non-spatial Landscape Biodiversity Objectives in
the Mackenzie Forest District. Available at:
https://www.for.gov.bc.ca/tasb/slrp/srmp/north/mackenzie/approved Mack nonspatial Apr9 08.pdf

19



Retention Guidance for harvesting in response to Spruce Beetle Outbreaks page 20

Province of British Columbia. 2010. Chief Forester Guidance on Coarse Woody Debris Management.
https://www.for.gov.bc.ca/ftp/hfp/external/!publish/frep/extension/Chief%20Forester%20short%20CW

D.pdf

Province of British Columbia. 2010. Order Establishing Spatial Land Use Objectives for part of the
Mackenzie Timber Supply Area. Available at:
https://www.for.gov.bc.ca/tasb/slrp/pdf/srmp/signed mackenzie OGMA order 20100923.pdf

Rex, J. 2017. Omineca Region - Guidelines for Watershed Planning. Available at:
https://www.for.gov.bc.ca/ftp/DPG/external/!publish/Spruce%20Beetle/Guidelines/Spruce%20Beetle%
20Management%20Direction/

Safranyik L., R. Silversides, L.H. McMullen, and D.A. Linton. 1989. An empirical approach to modeling the
local dispersal of the mountain pine beetle (Dendroctonus ponderosae Hopk.) (Coleoptera:Scolytidae) in
relation to sources of attraction, wind direction and speed. Journal of Applied Entomology. 108: 498-
511. Available at: https://cfs.nrcan.gc.ca/publications?id=2878

Snetsinger, J. 2005. Guidance on Landscape- and Stand-level Structural Retention in Large-Scale
Mountain Pine Beetle Salvage Operations. Available at:
https://www.for.gov.bc.ca/hfd/library/documents/bib95960.pdf

Stednick, J.D. 1996. Monitoring the effects of timber harvest on annual water yield. Journal of Hydrology
176:79-95

Werner, R.A. and E.H. Holsten. 1997. Dispersal of the spruce beetle, Dendroctonus rufipennis, and the
engraver beetle, Ips perturbatus, in Alaska. USDA Forest Service, Pacific Northwest Station Research
paper PNW-RP-501.

Winkler, R.D., Moore, R.D., Redding, T.E., Spittlehouse, D.L., Smerdon, B.D. and Carlyle-Moses, D.E.,
2010. The Effects of Forest Disturbance on Hydrologic Processes and Watershed. Compendium of forest
hydrology and geomorphology in British Columbia. BC Min. For. Range, 66, p.179.

Additional Information:

Allen, J.L., S. Wesser, C.J. Markon, and K.C. Winterberger. 2006. Stand and landscape level effects of a
major outbreak of spruce beetles on forest vegetation in the Copper River Basin, Alaska. Forest Ecology
and Management. 227:257-266.

Axelson, J., R. Alfaro and B. Hawkes. 2009. Influence of fire and mountain pine beetle on the dynamics of
lodgepole pine stands in British Columbia, Canada. Forest Ecology and Management 257(9): 1874—-1882.
doi: 10.1016/j.foreco.2009.01.047

Boggs, K., M. Sturdy, D.J. Rinella, and M.J. Rinella. 2008. White spruce regeneration following a major
spruce beetle outbreak in forests on the Kenai Peninsula, Alaska. Forest Ecology and Management.
255:3571-3579.

20



Retention Guidance for harvesting in response to Spruce Beetle Outbreaks page 21

Bentz, B.J., J. Régniére, C.J. Fettig, E.M. Hansen, J.L. Hayes, J.A. Hicke, R.G. Kelsey, J.F. Negron, and S.J.
Seybold. 2010. Climate change and bark beetles of the western United States and Canada: Direct and
indirect effects. BioScience. 60(8):602-613.

Brown, G.W. 1969. Predicting temperatures of small streams. Water Resources Research. 5:68-75.

Chen, J., S.C. Saunders, T.R. Crow, R.J. Naiman, K.D. Brosofske, G.D. Mroz, B.L. Brookshier, and J.F.
Franklin. 1999. Microclimate in forest ecosystem and landscape ecology: variations in local climate can
be used to monitor and compare the effects of different management regimes. BioScience. 49(4):288-
297.

DeRose, R.J. and J.N. Long. 2007. Disturbance, structure, and composition: Spruce beetle and Engelmann
spruce forests on the Markagunt Plateau, Utah. Forest Ecology and Management. 244(1-3):16-23.

DeRose, R.J. and J.N. Long. 2014. Resistance and resilience: A conceptual framework for silviculture.
Forest Science. 60(6): 1205-1212.

Goodman, L.F. and B.A. Hungate. 2006. Managing forests infested by spruce beetles in south-central
Alaska: effects on nitrogen availability, understory biomass, and spruce regeneration. Forest Ecology and
Management. 227:267-274.

Hicke, J.A., M.C. Johnson, J.L. Hayes, and H.K. Preisler. 2012. Effects of bark beetle-caused tree mortality
on wildfire. Forest Ecology and Management. 271:81-90.

Lewis, K. and R.D. Thompson. 2011. Wood degradation in standing lodgepole pine killed by mountain
pine beetle. Wood and Fiber Science. 43:1-13.

Lindenmayer, D.B., D.R. Foster, J.F. Franklin, M.L. Hunter, R.F. Noss, F.A. Schmiegelow, and D. Perry.
2004. Salvage harvesting policies after natural disturbance. Science. 303:1303.

Maness, H., P.J. Kushner, and |. Fung. 2013. Summertime climate response to mountain pine beetle
disturbance in British Columbia. Nature Geoscience. 6:65-70.

Mielke, J.L. 1950. Rate of deterioration of beetle-killed Engelmann spruce. Journal of Forestry.
48(12):882-888.

Minshall, G.W. 2003. Responses of stream benthic macroinvertebrates to fire. Forest Ecology and
Management. 178:155-161.

Nagel, R.H., D. McComb, and E.B. Knight. 1957. Trap tree method for controlling the Engelmann spruce
beetle in Colorado. Journal of Forestry. 12: 894-898.

Nordin, L. 2008. The Bowron river watershed: a synoptic assessment of stream and riparian condition
20-30 years after salvage logging. BC Ministry of Forests and Range, Research Branch, Victoria BC.
Extension Note 86.

21



Retention Guidance for harvesting in response to Spruce Beetle Outbreaks page 22
O’Connell, L.M., A. Mosseler, and O.P. Rajora. 2006. Impacts of forest fragmentation on the mating
system and genetic diversity of white spruce (Picea glauca) at the landscape level. Heredity. 97:418-425.

Parish, R., J.A. Antos, and M.J. Fortin. 1999. Stand development in an old-growth subalpine forest in
southern interior British Columbia. Canadian Journal of Forest Research. 29:1347-1356.

Province of British Columbia. 1995. Biodiversity Guidebook. Available at:
https://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcguide/biodiv/biotoc.htm

Province of British Columbia. 2016. Omineca Region - Spruce Beetle Beneficial Management Practices.
Available at:
https://www.for.gov.bc.ca/ftp/DPG/external/!publish/Spruce%20Beetle/Guidelines/Spruce%20Beetle%
20Management%20Direction/Omineca%20Region%20BMPs%20for%20Spruce%20Beetle%20March%20

2016.pdf

Province of British Columbia. 2017. Omineca Region — Guidelines for Spruce Beetle Treatment in special
Management Areas. Available at:
https://www.for.gov.bc.ca/ftp/DPG/external/!publish/Spruce%20Beetle/Guidelines/Spruce%20Beetle%
20Management%20Direction/Omineca%20Region%20Guidelines%20for%20Spruce%20Beetle%20Treat
ment%20in%20SMAs%20May%202017.pdf

Province of British Columbia. 2016. Omineca Region Forest Health Strategy. Available at:
https://www.for.gov.bc.ca/ftp/HFP/external/!publish/Forest Health/TSA FH Strategies/2016%200min
eca%20Region%20Forest%20Health%20Strategy signed.pdf

Province of British Columbia. 2006. Wildlife Tree Retention: Management Guidance. Available at:
https://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/wlt/policies/WT-Guidance-05-2006.pdf

Raffa, K.F., B.H. Aukema, B.J. Bentz, A.L. Carroll, J.A. Hicke, M.G. Turner, and W.H. Tomme. 2008. Cross-
scale drivers of natural disturances prone to antropogenic amplification: the dynamics of bark beetle
eruptions. BioScience. 58(6):501-517.

Ranjora, O.P., H.H. Rahman, G.P. Buchert, and B.P. Dancik. 2000. Microsatellite DNA analysis of genetic
effects of harvesting in old growth eastern white pine (Pinus strobus) in Ontario, Canada. Molecular
Ecology. 9(3):339-348.

Rogers, B. 2006. An investigation of Douglas-fir leave-tree mortality in the sub-boreal spruce zone: a
temporal and spatial assessment of water relations under pre and post-harvest conditions. M.Sc. thesis.
University of Northern British Columbia, Prince George, Canada.

Safranyik. L. 1985. Infestation incidence and mortality in white spruce stands by Dendroctonus rufipennis
Kirby (Coleoptera, Scolytidae) in central British Columbia. Zeitschrift fur angewandte Entomologie
[Journal of Applied Entomology] Band 99. In: Proceedings: IUFRO international union of forestry
research organization symposium on man-made outbreaks of forest pests and their control. August 13-
17, 1984, University of Gottingen, FRG. Pp. 86-93.

22



Retention Guidance for harvesting in response to Spruce Beetle Outbreaks page 23

Scott, G.M., D.W. Bormett, N. Ross Sutherland, S. Abubakr, and E. Lowell. 2000. Beetle-killed spruce
utilization in the Kenai Peninsula. Tappi Journal. 83(6).

Shore, T.L., L. Safranyik, B.C. Hawkes, and S.W. Taylor. 2006. Chapter 3 — Effects of the Mountain Pine
Beetle on Lodgepole Pine Stand Structure and Dynamics. In: The Mountain Pine Beetle — A Synthesis of
Biology, Management, and Impacts in Lodgepole Pine. Safranyik, L. and Wilson, W.R., editors. Natural
Resources Canada, Canadian Forest Service, Pacific Forestry Centre, Victoria, British Columbia.

Stewart, J.D., E.H. Hogg, P,A, Hurdle, K.J. Stadt, P. Tollestrup, and V.J. Lieffers. 1998. Dispersal of white
spruce seed in mature aspen stands. Canadian Journal of Botany. 76:181-188.

Timoney, K.P. and G. Peterson. 1996. Failure of natural regeneration after clear-cut logging in Wood
Buffalo National Park, Canada. Forest Ecology and Management. 87:89-105.

Tuff, K.T., T. Tuff, and K.F. Davies. 2016. A framework for integrating thermal biology into fragmentation
research. Ecology Letters. 19:361-374.

Turner, M.G., R.H. Gardner, V.H. Dale, and R.V. O’Neill. 1989. Predicting the spread of disturbance across
heterogeneous landscapes. Oikos. 55:121-129.

Werner, R.A., E.H. Holsten, S.M. Matsuoka, and R.E. Burnside. 2006. Spruce beetles and forest
ecosystems in south-central Alaska: a review of 30 years of research. Forest Ecology and Management.
227:195-206.

23



