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Exeaitive SummaryThe Cariboo Forest Health Stratemytlines the current forest health policy,
conditions, best management practices, dodkst health hazards and risks in the Cariboo Region. It also
summarizes non recoverable losses currently accounted for in the timber supply reviews for the three
timber supgy areas in the Cariboo Region. The report also outlines the risks assocititddrast

health factors that may be associated with climate change and provides a justification for current forest
health spending in the regiourrently the highest ranked forest health agents for the Cariboo Region
are: Western Spruce Budworm, Dougffisbeetle, and Sprucdeetle. The Cariboo Region faces future
uncertainty in terms omid-term-timber supply and the impacts of climate change. Now more than ever
invesiments are required focost effective forest health treatmenend monitoringin orderto minimize
pest lossesind reduce the likelihood of anothésrest health epidemicsuch as the recent mountain

pine beetle epidemic

A.Purpose

The Cariboo Forest Health Strategy is a guiding document for Forest Health Managéthia the
Cariboo Forest Regiomhe Cariboo Forest Regiomuorises three Forest DistrictBimber Supply Areas:
Quesnel, Cariboo/Chilcotin (Williams Lake TSA), and 100TM#epurposes of this documeateto:
1) Provide guidance to Forest Managerstba bestforesthealth managementtrategies in the
Cariboo Region
2) Outline the legal and government policy framework for forest health management in the
Cariboo Region
3) Provide aationalefor practisingproactiveforest health management in the Cariboo ey
4) Outline the current knowledge with regards to the impact of forest health factors on timber
supply
5) Identify knowledge gaps when it comes to forest health management in the Cariboo Region

B. Planning Framework

1) Legal Framework

Forest Health Manageent in British Columbia is largely a voluntary activity that relies heavily on the
professional reliance of forest professionatding as stewards for the people of British Columbleere
are a number of provincial acts and regulations that govern taeagement of Forestry in British
Columbia includingthe Forest Actthe Ministry of Forests Acthe Forest and Range Practices Act and
the Forest Planning and Practices Regulaffére information presented here is a brief overview of



forest health proisions under these acts. The reader should consult the official versitwe t#gislation
for exact wording, omterpretation ofthe intentor effectivenes®f the legislationA more
comprehensivesummary can be found in Appendix A of the Forest Healfllementation Strategy.

The Ministry of Forests Actutlines that the purposes and functions of the Ministry of Forests include,
encouraging maximum productivity of forest and range resources and to manage, protect, and conserve
forest and range resoues in B.CIn the Forest and Range Practices Act (FRPA) dénereew direct

forest health provisiondJnder existing provisions, maxgal with allowing for exemptions as a result of
forest health occurrences but there are fepecificrequirements for icense holderso deal directly

with forest health issues unless speaflg directed by the Minister. Section 26 of the Forest and Range
Practices Act allows the Minister to direct private land ovamragreement holders under the Forest

Act to propose @asonable measures to control or dispose of insects, diseases, animals, or abiotic factors
that are causing damage to a foredtnb proposal is made df the proposal is notarried out to the
satisfaction of the Ministetthey may order measures to bearried outto control or dispose of the

forest health factor

The main tooldor planning and managing public forest lands are the Forest&tship Plan, anthe
Woodlot License PlaiThere are no requirements for holders of Forest Stewardship Plan&odlot
Licence htaers that harvest timber to address forestdith concerns exceghrough the requirement

to establish a free growing stand. Undgection 26 ofhe Forest Planning and Practices Regulation,
stocking standards proposed under an FSP mmesit several key testhat adequately address

immediate and long term forest health riska 2012, the director of resource practices branch/deputy
chief foresterput out a memo entitled Guidance for assessing FSP stocking standards alignment with
addressing immediate and long term forest health issues.
http://www.for.gov.bc.ca/hfp/silviculture/Guidance%20for%20assessiBOFEP%20stocking%20standa
rds%20June%2021%202012.pdf

Section 169 of the regulatiogives the chief forester powers to establish or revoke standards respecting
stocking standards required for a free growing stand. A free growing stand is defined ad afstan
healthy trees of a commercially valuable species the growth of which is not impeded by competition
from plants, shrubs, or tree Section 41 requires an agreement holder who uses trap trees or
pheromones to concentrate insect populations to destrog thsect brood before the insects emerge.
This is one of the few instances, where the legislation provides clear and specific measures to deal with
a specificforest health issue.

2) Government Policy

The Ministry of Forest, Lands and Natural Resourcedipas(FLNRO$ervice Plan outlines the key
challenges and opportunities faced by the Ministry and sets the objectives and priorities for the
Ministry. There is nothing in the plan that deals directly with forest healith the exception of
Objective 22 that states that mtural resource productivity is optimized through conservation,
stewardship, and effective policy, legislatiamd external relationships. The strategies for meeting this
objective includeincreasing timber quality ansupply throughsilviculture,carbon investmentsand
sustaindle forest management practicesiitigating timber supply impacts caused by the mountain
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pine beetle and working collaboratively with mesgctor partner groups and First Nations to increase
ecosystem healtly restoring degraded ecosystems through invasive plant management, ecosystem
restoration, remediation and best management practices. Effective forest health strategies are an
important component of both stewardship and best management practices.

3) Provincial Forest HealtRolicy
The provincial Forest Health Strateuyp://www.for.gov.bc.ca/hfp/health/Strateqy/FH%20Strateqy. pdf
outlines three key strategic forest health objeetss These are
1. Protect forest resources from pest damage by direct actions when operationally possible and
justified.
2. Implement stand establishment activities to minimize the expected impact of known forest
pests
3. Assess pest impacts on forest values toriove estimates of timber yield from BC forests &
prioritize management treatments

4) RegionahndDistrict Forest Health Roles & Responsibilities

The Forest Health Implementation Strategy
http://www.for.gov.bc.ca/hfp/health/Strategy/FH%20Impl.%20Strateqgy.[ayl outllfunctions of the
forest health programwhichare groupedinto three areas of emphasid.egislation & Policy Support;
Program Delivery, and Adaptive Managemé€nable ). Functions 5 (pest detection) and function 6
(treatment of pest outbreaks) account for 22% and 66% of the operating budget, respediagiynal

and district roles and responsibiliti@se outlined in Table.2Jnder this framework districts are primarily
responsible for developing a District Forest Health Stratiégjging with local licenseesetting priorities

for bark beetle management unitspnducting bark beetle surveys & treatments, and providing support
for regional forest health activitieRegional staff consisting of a full time entomologist and a pathologist
(that is shared with the Kamloops Regjiane responsible for the regional delfiator program and aerial
overview surveyspverseeing gypsy moth monitoringroviding technical advice, developing best
management practices, providing training and extension, providing forest health information for timber
supply reviewdeveloping haza and risk ratings, and conducting monitoring and operational research
trials. Outside of government, licensees play a critical role in conducting and carrying out forest health
activities.

Table 1The 11 key functions of the MFLNRO Forest Health gnogsource Forest Health
Implementation Strategy)
Legislation & Policy Support
1. DevelopForest Health Strategies
2. Participate in interagency efforts
3. Supportstatutory decision makers
Program Delivery
4. Program Planning, Management, and Partnering
5. Detect assss and predicpest damage
6. Treatpest oubreaks & preventhe establishment okeyexotic pests
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7. Manageendemic pest andpreventestablishment ofnvasive plants during forest operations

8. Developing agents for Biological Control of Invasive Plants

9. Monitor & Evaluate Treatment Regimes
Adaptive Management

10. Extension

11. Operational Research

Table2: SimplifiedRegional & District Responsibilitisee Forest Health Implementation Strategy for
more detailed list)

Function Region District
1.FH Strategy | -Provide regional FH strategy if needeq - Lead in preparation 6fSA or District FH
-Provide guidance and review for Strategy

District FH strategies

-identify regions specific research topi
-participate in climate change
committees

-develop & implement regional
standards & procedures

-ldentify priority research topics in Distric
FH Strategy

-Incorporate climate change adeiinto
District Strategy

-review FSPs

-provide feedback for FREP

2. Interagency

-Participate in committees and task
forces

-liaison wih other agencies

3.Decision
Maker Support

-Help interpret policy and technical
matters pertaining to forest health
-improve foresthealthmanagment
-host forest health training and
workshops

-support DM, supervisor, & others
-promote forest health trating and
workshops

4.Program
Planning &
Implementation

-plan and administer regional budgets
and projects

-plan and allocate district bark beetle
funding

-carry out defoliator management
program

-set priorities for beetle management unit
(BMUs)and surves

-submit district funding proposals
-manage forest health contracts
-integrate forest health with other
programs such as small scale salvage

5. Pest Damage
detection,
assessment, &
prediction

-contract out and oversee aerial
overview survey for region

-support TSR

-forecast epidemic pest outbreaks
-update hazard & risk rating
-develop standards for and conduct
monitoring surveys

-review draft overview survey results for
the district

-provide logistical support for surveys
-identify abnormal levels of daage and
monitor forest health conditions
-participate in FREP SDM

6. Treat Pest

-treat native defoliators

-define treatment regimes igonjunction

Outbreaks -assist in BMU strategy setting with the region (e.g. bark beetles)
-assign mitigating strategies where -develop and implement contracts to dea|
appropriate through District FH Strateq with infestations

7. Manage - provide technical input for best - provide local advice to implemei.

Endemic Pests

management practices & mitigating
strategies & tactics

develop best management practices (e.g
trap trees)

9. Monitor

-coordinate regional monitoring

-assist region in monitoring
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Treatments program and provide training and -conduct FREP SDM surveys
support for SDM
10. Extension | -communicate innovative pictices -facilitate courses set up by regional
-update guidebooks specialists
-conduct training
11.Pest Design and conduct operational applig -establish district operational trials
Behaviour research -identify district research needs
Monitoring -develop & refine hazard & risk model§ -assist in locating research sites

At the regional and district levels the capacity to carry and perform these responsilidiiependent
on staffing levels and funding. Decisi@eundrelative staffing and funding lel&must take into
consideration the risks and benefits of carrying out forest heaificticesin relationship to other forest
management program$resently only the Cariboo Chilcotin District has a full time fofeslth
specialist to carry outidtrict forest health functionsln the other districtsthe stewardship forester
and/or stewardshipofficer are responsible for forest health functiori§picallypeople in these
positions do nohave the time or resources to adequatelgad with forest health issues or administer
forest health budgets or contractRegional staffnay be able to provide assistance to districts in
carrying out district forest healthresponsibilities in the future, although this will requiransfers of
funding andadditionalstaff in order to properly carry out these new roles and responsibilities.

C.TheNeed for Forest Health Strategies

An increase in the frequency and severity of pest outbreaks in recent years and decreased funding for
natural resouce management as a whole $ihighlighted the need faa risk management approach to
forest health British Columbia has adopted tiNational Forest Pest Srategy, which bases national
priorities for pests on a formal pest risk assessment framework whimltlised in the Forest Health
Implementation StrategyPartof the Risk Assessmeinvolves an economicnpact assessment or

return on investment study focarrying out forest health treatmestForest Health has lagged behind
other fields such as silvidture, in assessing the costs and benefits of treatnsefhe Forest Health
Implementation Strategy outlines the progress that has been made for some of the major pB€&ls in
Economic analyss have been done for many of the important defoliatarsl mountain pine beetle but

are lacking for spruce and Douglasbark beetles and for mogorestdiseases.

One of the key components askmanagemenis risk communication. FoseHealth Strategies akey
documents in communicatintie risk posed by local forest health factors.

D.Components of a Forest Health Strategy

TheForest Health implementation Stratetpys out thefour components of a TSA strategy
1. Alist of priority foest health agents;



2. An assessment of the risk posed by various forest health agents and the specific management
objectives for each agent;

3. A description of the extent and significance of the major forest health agents and their impact
on timber supply;

4. Straegies for dealing with specific forest health factors.

Whilethese components armeant forTSA Forest Health Strategies tlzag applicable to otheforest
documentssuch adRegional foreshealth strategies.

E.Priority Forest Health Factors in the Cariboo Forest Region

Table 3 providesankingsof the current relative importance of various forest health factors throughout
the Cariboo Regiqralthough the rankingsiay notreflectthe prioritieswithin a specific TSA as
determined by locatlistricts. Forexample, Armillaria root disease is givemaderate priority for the
Cariboo Regionven thoughin many parts of the Quesnel TSA and the Chilébtinnot present.

Another examples thewesternspruce budworm. There have been major outbreaks of western spruce
budworm in the Williams Lake and@®ille TSAs in recent yeatsit none in the Quesnel TSIA.table

3, the probabilityrepresents the likelihood of damage occurring wisdwerityindicates what the

relative severity of the impact is likely to be. The overall ranking or risk is a catiobiof the two.For

an overview of current pest conditions as determined from aerial overview flights refer to the 2012
Overview of Forest Health for Southern British Colun(thi@ report only detailsvith those pests that
can be easily dected from the ai}: http://www.for.gov.bc.ca/hfp/health/overview/overview.htm

Table3. Important forest health factors in the Cariboo, the risk they pose, and the management
objective currently been used to address them

Forest Health Probability | Severity| Ranking| Management Olgctive | Comments

Factor

Insects

Western Spruce | High Mod High Spray areas with No recent outbreaks

Budworm moderate to high risk of| in Quesnel or west o

defoliation with Btk Puntzi Lake in the
Chilcotin

Spruce Beetle Mod High Mod- Sanitation and salvage | Very active in 100

High harvest in Mile and parts of the

unconstrained area® Cariboo
recoverlosses ad
reduce populations
Monitor in
constrainedinaccessible|
areas

Douglasfir Beetle | Mod Mod- Mod- Reduce existing Active in 10Mile
High High populations through and in andaround



http://www.for.gov.bc.ca/hfp/health/overview/overview.htm

Forest Health Prokability | Severity| Ranking| Management Olgctive | Comments
Factor
sanitation harvesting fires in the Cariboo
and trap treesin Chilcotin Sme
suppression beetle localized populations
management unitsand | around Blackwater
prevent build ups of River in Quesnel
beetle populations
aroundfires and
windthrow. Monitor in
inaccessible areas
Mountain Pine Low Low Low Salvage in accordance | Mountain pine
Beetle with Chief Foresters beetle is still active ir
guidelines the southern
Chilcotin
Balsam Bark Beetl{ Mod Low Low Monitor. Mostly at higher
elevations
2-year cycle Mod Low Low Monitor, develop Higher risk in even
budworm Mod treatments. years
Hemlock Looper | Low Mod Low- Monitor. Treat Historically
Mod outbreaks with Btk outbreaks have beer
when warranted confined to relatively
small areas
Douglasfir Tussock] Low Mod Low Monitor. Historically only
Moth damaging alonghe
southern boundary
of 100 Mile TSA
Forest Tent Mod Low Low Monitor. Some outbreaks in
Caterpillar the Quesnel TSA in
recent years
Aspen Serpentine | High Low Low Monitor. Several years of
Leaf Miner repeated defoliation
may be impacting
aspen
Black Army Low Low Low Prevent, monitor 2012 outbreaks
Cutworm around Pelican Fire
Gypsy Moth Low High High Detect new No recorded
occurrences occurrences
Lodgepole pine Mod Low Low Monitor. Widespread but
terminal weevil impacts generally
low.
Spruce Weevil Mod Low Low Mitigate impacts, Can cause moderatg
Mod monitor. impacts in high
hazard areas
2 NNBy Qa | Low Low Low Mitigate impacts, Higher hazard in

Collar Weeuvil

monitor.

QuesnelTSA.




Forest Health Prokability | Severity| Ranking| Management Olgctive | Comments
Factor
Diseases
Armillaria Root Mod Mod Mod Mitigate during stand High hazard in the
Disaase regeneration ICH. Absent from
parts of the Chilcotin
and Quesnel
Laminated Root | Low Low Low Treat during stand High hazard in
Disease regeneration portions of 100 Nle
district
Tomentosus Mod Low Mod Treat during stand Spruce impact under
regeneration estimated
Lodgepole pine Mod Low Low Mistletoe eradication High hazard on zona
dwarf mistletoe Mod Mod sites in the SBPSxc
Western Gall Rust| High Low Mod Plant higher densities/ | Very prevalent and
use mixed seciesin widespread
high hazard areas throughout the
region
Commandra Rust | Mod Mod Mod Plant higher Can cause severe
densitiestise mixed impacts in high
species in high hazard | hazard areas
areas
Stalactiform Rust | Low Low Low Planthigher Can cause severe
densitiestise mixed impacts in high
speciesn high hazard | hazard areas
areas
Atropellis canker | Low Low Low Assess prior to spacing| Dense pine stands
after age 14. >14yrs.old.
Elytroderma Low Mod Low Monitor. Severely impacted
Needle Cast mod areas in 100 Mile
and the east
Chilcotin
Lophodermella Low Low Low Monitor. Growth losses during
Needle Cast outbreaks
Mammal Damage | Mod Low Low Monitor. Currently high risk of
mod porcupinedamage
on lodgepole pine in
ICH.
Abiotic Danage
Fire Mod Mod- High Depends on risk
High
Wind Low Mod Low Monitor, salvage
Flood Low Low Low Monitor. Higher risk near
water bodies
Drought Low Low Low Monitor. Hazard varies

depending on local




Forest Health Prokability | Severity| Ranking| Management Olgctive | Comments
Factor

soil and climate

Snow press Mod Low Low Monitor. Lodgepole pine and
mod Douglasfir in parts
of the SBS & ICH

Winter desiccation| Low Low Low Monitor.

F.HazardRating

Hazardor susceptibilityis thedegree to which stand or tree characteristics make them vulnerable to
damage from a particutdorest healthagent. Risk is the probability of sampling damage due to a
particularforest healthagent and is related to a number of factors suchhasproximity of the forest
health factor and its incidence. As an examptands in the SBPSxc haveigher hazard fordwarf
mistletoethan stands in the MSx@nce long distance sel dispersal is not that commdar dwarf
mistletoe,the risk of mistletoe infection in the middle of a mistletoe free stamthe SBPS»s low.
Converselythe risk of infetion along the edge of a lodgepole pine stand adjacent to a mistletoe
infected stand in the MSxv would be high gitka proximity to adwarf mistletoeseed source

More work is needed to identify the hazard from various forest health agents as itsdtate
biogeocimatic (BEC¥subzone and site seri@s the Cariboo Forest Regidrong termmonitoring data
FNRY GKS C2NBald FyR wlky3aS 9@l tdzZ GA2y ,asM@BIANT YQa ai
maps showing the reported incidence of pestshia RESULT8atabaseshouldbe helpful in developing
better hazard ratings in the Cariboo Regi@xperiments which measupestincidence over a range of
biogeoclinatic subzones can also hesed to determine hazard rating by BE@zrd ratingsfor a variety
of pestsin eachBEGvas compiled from aumberof sources, includinfprest practices codguidebooks
and Forrex stand establishment decision gl8EDAq)Table 4) Some of this information is based on
anecatal information rather than actual data. Never the Igtggs information is a good starting point
for assessing pest hazard based on BaZardratingsof the forest health factorare alsocompiled by
BECones(Table 5) The absence of information forspecificpest or BEConedoes not necessiy
mean that the hazard is low, only that there is no good information currently avail@bkain BEC
zones/subzonehave a high hazard for a number of diffatdorest health factors. This is particularly
true for someSub boreal spruce (SBS) antehior cedar hemlock (ICH) BECs, wiigckupported byhe
findings ofHeineman et al. 2010 and Westfall & Brooks 2Migher stocking standards may be
warranted n these BECs to compensate for high pest losses.

Table4: Landscape level hazard rating by forest health agent for biogeoclimatic subzones within the
Cariboo Regian

Damaging Agent BEC zone BEC subzone Hazard Source

Spruce Bark Beetle Throughout host range | H Bark Beetld=PC




Damaging Agent | BEC zone BEC subzone Hazard Source
(IBS) Guidebook
Douglasfir Bark Throughout host range | H Bark Beetld=PC
Beetle (IBD) Guidebook
Mountain Pine Throughout host range | H Bark Beetld=PC
Beetle (IBM) Guidebook
Balsam Bark Beetl¢ Throughout host range | H Bark BeetleFPC
(IBB) Guidebook
Black Army ICH mk3 M Forrex 3
Cutworm (IDA) mw3 H Forrex 3

wk2 MH Forrex 3
wk4 MH Forrex 3
Western hemlock | ICH mw3 M Forrex 3
looper (IDL) wk2 H Forrex 3
wk4 M Forrex 3
Western Spruce CWH dsi MH Forrex 4
Budworm (IDW) IDF dk3 H Forrex 3
dk4 M Forrex 4
mw2 M Forrex 3
ww H Forrex 3&4
xh2 H Forrex 3
Xm H Forrex 3
XW MH Forrex 3
2- year budworm ESSF wc3 MH Personal Observ.
Spruce Weevil ICH dk MH Forrex 2
(IWS) mk3 H Forrex 2
mw3 H Forrex 3
wk2 H Forrex 2
wk4 H Forrex 2
SBS dwl H Forrex 2
dw2 M Forrex 2
mcl MH Forrex 2
mc2 MH Forrex 2
mh M Forrex 2
mw H Forrex 2
wkl H Forrex 8
Lodgepole Pine ESSF Xc3 M Forrex 1
terminal weevil xv1l M Forrex 1
(IWP) IDF dk3 H Forrex 1
dk4 H Forrex 1
MS xk M Forrex 1
SBPS XC M Forrex 1
SBS dwl M Forrex 1
dw2 M Forrex 1
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Damaging Agent BEC zone BEC subzone Hazard Source
2 NNBy Qa |ICH dk M Forrex 7
Collar Weevil mk3 MH Forrex 2
(IWwW) mw3 M Forrex 7
wk2 H Forrex 7
wk4 H Forrex 7
SBS dk MH Forrex 2
dwl M Forrex 2
dw2 M Forrex 2
mc H Forrex 7
mh M Forrex 7
mw H Forrex 2
wkl H Forrex 7
Ammillaria Root Rot| ICH mk3 H Root Diseas€PC
(DRA) wk2 H Guidebook
IDF dk3 H Root Disease FP
mw2 H Guidebook
SBPS mk H Root Diseas€PC
Guidebook
SBS dwl H Root Diseas€PC
Guidebook
Laminated Root CWH dsi M Forrex 5
Rot (DRL) msl M Forrex 5
ICH mk3 H Forrex 2
mw H Forrex 6
wk2 H Forrex 2
wk4 MH Forrex 2
IDF dk3 M Forrex 2
dk4 M Forrex 2
dw M Rusch obs
mw H Forrex 6
wWw M Forrex 5&6
Tomentosus Root | ESSF wkl H Root Diseas€PC
Rot (DRT) Guidebook
ICH mk3 M Forrex 2
wk2 M Forrex 2
SBS dw H Root Diseas€PC
Guidebook
mcl M Forrex 2
mc2 M Forrex 2
wk1l MH Forrex 2
Dwarf Mistletoe Throughout host range | H (except for MS & Forrex 1
(DMP) wetter ESSF)
Western Gall Rust | ESSF dc2 MH Forrex 1
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Damaging Agent BEC zone BEC subzone Hazard Source

(DSG) ICH mk3 MH Forrex 1
IDF Xxm H Forrex 1

XW H Forrex 1

dk3 H Forrex 1

dk4 H Forrex 1

dw H Forrex 1

mw2 H Forrex 1

MS xk MH Forrex 1

SBPS XC H Forrex 1

dc H Forrex 1

mc H Forrex 1

mk H Forrex 1

SBS dwl H Forrex 1

dw2 H Forrex 1

mcl H Forrex 1

mc2 H Forrex 1

mh H Forrex 1

mm H Forrex 1

mw H Forrex 1

wkl H Forrex 1

Comandra Rust ICH mk3 H Forrex 1
(DSC) & wk MH Forrex 1
Stalactiform Rust | MS xk MH Forrex 3
(DSS) SBPS dc MH Forrex 1
mk M Forrex 1

SBS dwl H Forrex 1

dw2 M Forrex 1

mc2 H Forrex 1

mw MH Forrex 1

Atropellis Canker | SB’S dc M Forrex 2
(DSA) mk MH Forrex 2
XC MH Forrex 2

SBS dwl M Forrex 2

mc2 M Forrex 2

mw M Forrex 2

Lophodermella IDF dk3 H Forrex 1
needle cast (DFL) dk4 H Forrex 1
SBPS XC H Forrex 1

dc H Forrex 1

mc H Forrex 1

mk H Forrex 1

SBS dwl H Forrex 1

dw2 H Forrex 1
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Damaging Agent | BEC zone BEC subzone Hazard Source
mcl H Forrex 1
mc2 H Forrex 1
Lophodermella mh H Forrex 1
needle cast (DFL) mm H Forrex 1
mw H Forrex 1
wk1l H Forrex 1
Drought Damage | IDF Xm

Forrex 1 Swift et al. 2002. Forest Health Stand Establishmeigide Aids, BQ. Eco. Mar2(1)

Forex 2Swift et al. 2002. Forest Health Staastablishment Decision Aids, BCEco. Man2(2)

Forrex 3 Stock et al, 200Borest Health StanBstablishment Decision Aids, BCEco. Mar6:56-73.

Forrex 4. Heppner, D. & Turner, J. Spruce Weevil & \WeSigruce Budworm Forest Health Stand Establishment Decision Aids. BC J. Eco. Man.

7(3): 4549

Forrex 5. Sturrock et al. Laminated Root Rot Forest Health Stand Establishment Decision Aid. BC J. Eco. M&h. 7(3):41

Forrex 6. Cleary, M., R.,Sturrock, &ddge. 2011. Southern Interior Forest Region: Laminated root disease Stand Establishment Decision Aid.

BC Journal of Ecosystems and Management 12(2017

C2NNBE 1@ al/dzf t 20K [ ®Z . d! dZl SYIFZT Yo 2 KAdi@ Dresss: Vdaen RéohCHIArSMEEIE NH D H 1 N e
Stand Establishment Decision Aid. BC Jourratadystem Management 10(2):1497.

C2NNBE yo® | 2RI|TAYE2YS whdS YP 2KAGSSE g 1o {201 HawmeediStarlh G A &K / 2f dzYe
Establishment Decision Aid. BC Journal of Ecosystems and Management 1343):51

Table5: Landscape level hazard by biogeoclimatice andsubzone for forest health agents within the
Cariboo Regian

BEC zone BEC High Moderately Moderate
subzone High
CWH dsi IDW DRL
ms1 DRL
ESSF dc3
mv1
wc3 IBB, IBSDB DRT
wkl IBB, IBS DRT
xc3 IWP, DMP
xvl IBB, IBM, IBS IWP
Xv2 IBB, IBM, IBS
ICH dk IWS
mk3 IBB, IBD, IBS, IDA, IWS, DMP, DR IWW, DSG | DRT
DRL, DSC, DSS
mw3 IDA,IWS, DRL, DRR IDL, DRB, IWW
wk2 IDL, IWSWW,DRA, DRUWW IDA, DRT, DSC, DSS
wk4 IBB, IBSWW,DMP, DRL IDL DSC, DSS
IDF dk3 IBD, IDW, IWP, DRREFEDMP, DRL
DRA, DSG
dk4 IBD, IWP, DFDFEPMP, DSG IDW, DRL
dw IBD, DMP, DSG DRA, DRL
mw2 DRL, DSG IDW DRA
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BEC zone BEC High Moderately Moderate
subzone High
ww IBD, IDW DRL
xh2 IDW
Xm IBD, IDW, DMP, DSG
XW DSG IDW
MH mm2
MS dc2 IBB, IBM, DMP DSC, DSG
dv IBM, DMP
xk2 DSG DSC, DSG | IWP
xk3 IBM, DMP DSC, DSG | IWP
XV IBM, DMP
SBPS XC IBM,IBS, DFDFEDMP, DSG DSA IWP
dc IBM,IBS, DFL, DMP, DSG DSC, DSS DSA
mc IBM,IBS, DFL, DMP, DSG Iww
mk IBM,IBS, DFL, DMP, DRA, DSG | DSA DSC, DSS
SBS dk Iww
dwl IBM,IBS, IWS, DFL, DMP, DRA, D IWP, IWW, DSA
DSG, DSC, DSS
dw?2 IBM,IBS, DFL, DMP, DRT, DSG IWP, IWSIWW, DSC, DSS
mcl IBM,IBS, DFL, DMP, DSG IWW, DRT
mc2 DFL, DSG, IwWwW IWS DSA, DRT
mc3 IBM,IBS, DMARWW
mh IBM,IBS, IWS, DFL, DMP, DSG IWS IWW
mm DFL, DSG IWW
mw IBM,IBS, IWW, DSC, DSS DSA
DFL, DSG
wk1l IBM,IBSIWS DFL, DSG DRT IWW

G.Pest Profiles
1. Insects
a) Bark Beetles

Mountain Pine Beetle
Dendroctonus ponderosdklopk.)

Themountain pine beetle outbreak has run its course throughout most of the Cariboo but small
populations persist, particulariy higher elevations siteim the south ChilcotinLicensees continue to
salvage mountain pine beetle killed trees. Salvage operation should be consistent with guidance
provided by theChief Forester

http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/stewardship/Chief Forester Hydrology 200703.p
df, recommendatios pertaining to watershed planning
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http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/stewardshipandthe beetle action plan
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/High priority s&ands for salvage are low volume
stands stands with low amounts of natural regeneration, atdnds inareas with short shelf liveg €.
wetter areas).

Douglasfir Beetle
Dendroctonus pseudotsugéldopk.)

Douglasfir beetle hasbeen an orgoing problem in the Caribcand a the peak ofthe last oubreak
(2008/2009) nearly 70,000 hectaresere affected by Douglafir beetle. The highest risk stands are
Douglasfir leading stands in the IDF with an average dbh of more thasmiSouth facing, steep
aspect,and dengties between 65a1200stems/ha(Ministry of Forests, 1995Douglasfir bark beetle
management consists of doing detailed helicopter surveys and ground surveys and then following up
with treatments where necessary. Treatments includeitsdion harvestingtrap trees, antaggegaton
pheromones and fall and burnTreatment options are generally determined based on beetle
management unit$BMU). A BMU is given a strategy of suppression, holding, salvage, or monitor based
on a number of different factors such as beetle levietsyest level, salvage capacity, access, harvesting
constraints, and available resourcds.BMUsthat are in sippression statusevery effort is made to try
and actively control beetle populatioty treating 7680% of the infestationglentifiedin the aerial
overview survey

Bark beetlesanitation harvestingh mule deer winter range is subject to the conditions laid out in the
government action regulations (GAR) pertaining to ungulate winter ra#ig&-001, 002, and 003).
Guidelines for bark beetleanitation harvestingn old growth management areas can be found in the
Regional Biodiveity Conservation Strategy Update Note # 7b.
http://www.env.gov.bc.cavld/documents/wha/Amendment_ShallowModerate Feb07 _Ord.pifiese
guiddines specify the comitments that must be madeefore going into OGMAs$he minimum
infestation sizeequired, the requirement for nearby no®@GMA stands at risk, windthrow treatment
requirements, sanitation practicgmcluding volume of access wood that can be remQyadd
monitoring and reporting requirements.

Effective beetle management requires careful coordination among all licensees inoreet
suppression treatment taigs. One way of accomplishing this is through TSA forest health committees.

Post Fire Managemermtf Douglasfir Beetle

In the last couple of yearthere have been severe outbreaks of Dougdiabeetle associated with fires.
SomeDouglasdfir standswith low and moderatéy seveity fire damage are beindecimatedby Douglas
fir beetle, particularly in areas with a history of Dougfaseetle and a large number of large diameter
fire killed trees. The creation tfood treesthrough fire guard builthg activitiesfurther exasperatsthe
problem if these trees are not dealt wiftrior to beetle emergencelLarger diameter fire killed trees that
escaped crown firg provide ideal habitat for Douglds beetle up to one year following a firérees
damaged ly fires occurring in the Spring are usually attacked in the same Yyeaubsequent years, the
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beetles attack fire weakened trees and in some cagesn beetle populations become large enough,
damage extends into health Dougifisstandsadjacent to thefires. Where feasible and appropriatd, i
is critical to try and prevent large build sipf beetlesas soon as possible after a flig aggressivg
managng for Dougladir beetle through the use of trap trees, fire salvafies guard salvageandanti
aggregaibn pheromonesFunnel traps may be effective if used in the first yiedowing a fire provided
steps are taken to minimize spillover by using the traps in severely burned deadingDouglasfir
areasand/or in suitably large openg at leat 100m fromsusceptible Fd~runnel trapshave proved
ineffectivein protecting adjacent Fdthenused in the second year following a faespite high beetle
catches. The impact shnitation/salvage activities on Dougtfis regeneration, soil stability, idlife,
and other values must be carefully considered before deciding on a treatment strategy.ecars
following a fire it becomes difficuétnd in some casmearlyimpossible to try and control Dougldis
beetledue tothe hugeincreasen beetle nunbers.Beetle infestations associatedth small firesare
much easier to treat thamfestations linked tdargefiresandshould be given priority for early
treatment.

References:
Ministry of Forests1995 Bark Beetle Management. Forest Practices CaddeBook.
http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcquide/guidetoc.htm

Spruce Beetle
Dendroctonus rufipenniirby)

As the name suggestspruce bark beetlattacks almature spruce species in BThe beetleusually
takes two years teomplete its lifecycleSpruce bark beetle management can be veffjcdit for a
number of reasonst) spruce beetle is very difficult to detect from the air and the ability to detect
infested trees can vary considerably based on ther yd the timing of the surveg) Spruce beetle
often occurs in riparian leave strips and flood plainsteep slopes wherganitation harvestings
difficult, 3) spruce beetle occurs in high snowfall asewhere winter access can be costly and difficult,
and,4) some areas of high spruce beetle activity occuarigas where harvesting éonstrainedfor
management of specific resource values @griboo protected areasnd old growth maagement
areag. The main method of dealing with spruce beetle in the Cariboo has begtatian harvesting.
Cutblocks should be planned in areas of high spruce beetle activity. One metreotkiofy stands for
sanitation/salvage harvesting is the sanitation harvest infMiistry of Forests 1995 Spruce beetle
can be contained within a planned cut blagktil harvestthrough the use of baitingr trap trees.

References:
Ministry of Forests1995 Bark Beetle Management. Forest Practices Code Guidebook.
http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcquide/qguidetoc.htm

Western Balsam Bark Beetle
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DryocetesonfusugSwaine)

The arednfestated bywestern balsam bark beetia the Cariboo Regin as reportedn the annual

aerial overview survey are shown in Eigrhe area of infestation over the last 5 years is down from

previous years (especially in the Quesnel District). Most of this area had trace mortality (less than 1% of
trees recently kKled). Western balsam bark beetle has a 2 year life cycle. No efforts have been made to
actively manage for balsam bark beetiethe Cariboo Regiorinpasttimber supply review (TSR)

analy®s in the Cariboayestern balsam bark beetle mortalibhasnot beenaccounted for through

unsalvaged lossemnd a study conducted in the Skeena region determined that chronic damage by this
0SSGtS FNB FRSljdz 6dSt& | 002dzyiSR T2NJ oé& C2NBaid !yl
used to estimag¢ mature sand volume over time

Area of Infestation for Western Balsam Bark
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Fig. 1. Area of infestation for western balsam bark beetle by forest district based on aerial overview
survey data

b) Defoliators
Western Spruce Budworm
Choristoneura occidental{sreeman)

Defoliation caused by @sternsprucebudworm impacts Douglar stands.These Douglafir stands
have become critical for maintaining rdierm timber supply following the mountain pine beetle
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epidemic.Historically, western spruce budworm outbreaks were confined to the 100 Mile District, but
over the last 10 years outbreaks have become common in the Cariboo, extending into the southern part
of the Quesnel District and as far west as Puntzi Lake in the Chiltlére is a good chance that we will

see western spruce budworm outbreaks becomimgre common in the Quesnel T8%the future as

global warming continue®uring budworm outbreaks mortality is common in understory traedcan
resultin uneven aged stands becoming under stocked. Mortality is less comnneatime trees but
outbreakscan cause top kill and growth losses. Impacted trees may be more susceptible to attack from
Douglasfir beetle.

Maclauchlarand Brooks (2009) found thattudy sites irthe IDFhad the maximum consecutive years of
defoliationfrom western spruce budwornThey also concluded that thinning or hastiag to remove

dense understoy regeneration could lead to less susceptible forests. Unfortunatglyning treatments

are very expensive a2 y Qi O NAY I AK2NI §GSN) NBGdzNIfiskthaty Ay @S a
while thinned stands may be less susceptible in the long term they may also be less resilient in the short

term because of the lower stem density. Treatments to reduce the risk of spruce budworm attack are

most effective in mixed stands where tpercentage of susceptible species (Doudigsan be reduced

through selective harvesting or thinning. Much of the IDF ecosystem is Ddinglaminated and

Species conversion is not an option.

The treatment strategy in the Cariboo has been to tréahds predicted for moderate to severe
defoliation withthe biological control agerBacillus thuringiensigarietyKurstaki(Btk). These activities

are carried out in accordance with the Southern Interior Region Pest Management Plan for the Forest
HealthProgram. Treatment with Biis relativelyinexpensivg~$30ha). Studies in the IDFdk1, have
shown that if harvesting occurs within 15 years of spraying for western spruce budworm the return on
investmentis greater thariLl5%.Further return on investmenttadies are needed for other subzones in
the IDFIn the Cariboo Rgon over a 12 year period 997 to 200884% of the areas sprayed only
required a single spray treatment to control western spruce budworm populatB®etsveen 2002 and
2012,egg mass countsin the fall after spraying with Btk were 71%lower on average than in the fall prior

to spraying.
References:
Maclauchlan, LE.and J.E.Brooks 2009. Influence of past forestry practices on western spruce

budworm defoliation and associated impacts in southern British Columbia. BC Journal of
Ecosystems and Management 10(2)}8¥

Two Year Cycle Budworm
Choristoneura biennigreeman
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The two year cycle budworm lookery similar to the western spruce budworm but takes two years to
complete its lifecycland higher elevation spruce and true fir stands are at greatestisikt of the

damage occurs in the second year of the lifecyeld n the Cariboo Regiomost of the damage occurs

in evenyears.There was over 40,000 ha of light and moderate defoliation (mostly in the QuesnehTSA) i
2012. Arrial was undertaken in the Mt. Tom aréaear Barkerville) in 201® assess the effectdness of

a single treatment of Btk in controlling two year cycle budworm. Preliminary results indicate that the
treatment was effective in reducing the amount of defoliatiiurther work is needed to provide a
business case to support treatments.

Westen Hemlock Looper
Lambdina fiscellaria lugubroggiulst)

HemlocKkooperoutbreakscan cause severe defoliation and mortalitythe ICHIn the Caribodregion

outbreaks havdeenmainlylimited to the area around Quesnel Lakied Horsefly Lakewith smalle

infestations occurring along the Cariboo River draindgekusky Creek, McKinley Creek, and Deception
Creek(Fg.2). In the Chilcotin, outbreaks have also been recorded along the Homathko River in the

Coastal Western Hemlock zor@WHds). Outbreaks geerally occur every 10 years and last 2 to 3

years. The latest outbreaks occurred in 2011 and 2012 around Quesnéhtaled 5500 ha of light

and moderate defoliation in 2011 and again in 20B82zNA y3 (G KS SIF NI & mMdbdnQa GKSI
severe defoltion with up to 80% mortalityHemlock Looper overwinters as eggs laid on lichen and

moss. Areas of severe defoliation can be predicted in advance through the use of pheromone traps and

egg sampling. Btk can be used to treat areas that are predictedvie tmaderate to severe defoliation.

Douglasfir Tussock Moth
Orgyia pseudotsugatéMcD.)

Douglasfir tussock noth has never caused severe defoliation in the Cariboo Region but outbreaks of
Douglasfir Tussock Moth have occurred just south of the 10@&Nliistrict Boundary over the last

couple of years. For the last 18 years, the Cariboo Region has carried out a monitoring program in the
100 Mile District to moitor the levels of Douglafir tussock moth at established sites using pheromone
traps. With aticipated changes in climate, it is likely, that Douglasussockmoth outbreaks will

become common in the Cariboo Region in the future. Dodijlasssock moth causes severe defoliation
and mortality in Douglaér stands in the Kamloops Region. Owthks often begin near areas of open
range. Exposure to the caterpillars can cause an allergic reaction known ackossso
http://www.for.gov.bc.ca/rsi/foresthealth/PDF/DAM%20tussockosis.pdf
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Historic Western Hemlock Looper 1937-2011
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Fig. 2. Historic occurrence of Western Hemlock Looper in the eastern Cariboo
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Forest Tent Caterpillar
Mallacosoma disstriaibn.

Forest tent caterpillar outbreaks are fairly common in the Caribagedtdregion. In the Quesnel TSA,

there were approximately 35,000 ha and 40,000 ha detected in 2010 and 2011, respectively. Affected
trees generally produce a second crop of leaves. Mortality is rare but dead tops and branches as well as
growth reduction ma occur especially when trees are also impacted by other forest health factors such
as Venturia twig blight and Serpentine leaf miner. Forest tent caterpillar outbreaks near population
centers often cause serious public concern and the smeared remaiaseppitiars on roads and rails

can occasionally make travel dangerous.

References:
Wood C.S. 1992. Forest Tent Caterpillar. Forest Pest Leaflet 17 Forestry Canada. Pacific Forestry Centre.

4pp.

Black Army Cutworm
Actebia fennicgTausch.)

Black army cuworm is commonly associated with fires or prescribed burns. Spruce and lodgepole pine
seedlings are most commonly attacked but seedlings of all trees species are susceptible. There has been
a decline in the number of outbreaks over the last several yasgescribed burning is less commonly

used. In 2012, there were outbreaks of black army cutworm associated with the 2010 Pelican fire in the
Quesnel TSA. The following recommendations were taken from a standard operating procedure
developed in the KooteraRegion. Table 5 outlines the hazard of black army cutworm defoliation based
on the number of years and time of year when the fire occurred..

Table 6. Potential for black army cut worm defoliation

Timing of fire Years after fire

1 2 3 4
Spring/ealy High High Low Low
summer
Mid summer Low High Mod Low
Late summer/fall | Low High Mod Low

Black army cutworm defoliation prevents root initiation in newly planted seedlings and drought stress is
believed to be the major cause of mortality after deftiba occurs. For this reason, south facing slopes
with coarse soils are at a higher risk for mortality associated with black army cutworm. Seedlings that
have already had a year to develop roots in the field recover much better from defoliation than newly
planted seedlings. If planting is scheduled in burned areas during periods of high potential for black
army cutworm defoliation, a monitoring program should be carried out.
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There are commercially available traps and lures available to monitor blackcatmgrm populations.

Traps should be put out {20 evenly spaced traps depending on the size of the area being planted) no
later than midJuly and picked up at the end of October. BetweelD2raps/site are recommended
depending on the size of the arealte planted. Trap catches of 10 or more moths indicate areas where
black army defoliation could be a probleRre-planting inspections should be made prior to carrying

out planting. If any defoliation is noted on pioneer herbaceous vegetation, such drealsl e mapped

out and no planting should occur there until pupation occurs. Planting should also be delayed en south
or westfacing slopes above infestations as larvae often migrate uphill in search of new vegetation.
Larval sampling can also be cadriut but it is time consuming and may not be necessary in areas with
adequate herbaceous vegetation.

References
Ross, D.A. & S. linytzk¥977. The Black Army Cutworm in British Columbia. Pacific Forest Research
Centre. Canadian Forestry ServiceX@(%4.

Sheperd, R.F., T.G. Gray, & T.F. Maher 188&nagement of black army cutworm. Forestry Canada.
Pacific and Yukon Region Information ReporXE835

Aspen Serpentine Leaf Miner
Phyllocynistis populiell@hambers

Aspenserpentine leaf miner outbreakisave become more and more common in the Cariboo and
throughout western North America. Repeated outbreaks likely have an impact on the grodthgour

of aspen in the Cariboo Regigrarticularly in the drier western portions of the region. The tiny moth
overwinters under bark scales. The female moth lays her eggs singly and folds over the leaf edge to
protect them. The larvae feed inside the outer layers @ laf in a serpentine pattegiving the leaves

a silvery appearance and can have a profoungéiot on the photosynthetic capacity of affected trees.
Actual impacts to aspen productivity need to be quantified to determine the importahtieeqest in

the Cariboo Rgion.

c) Weevils
Lodgepole pine terminal weevil
Pissodes terminallidopping

Incidences as high as 40% have been reported in the Cariboo Reginca(D1986). Terminal weevils

are likelyone of the main causeof forking in lodgepole pina the CaribooAttacks are most common

in stands 125 years oldSwift et al. 2002pr 1-2m in Feight (but canoccur even earligr The adult

weevil lays her egg in the terminal leader amtte the eggs hatcthe larvaefeed upwards in a spiral
fashion.Most larvae overwinter but some may develop into pupae and adults before winter starts.
Usually oty one or two &rvae per tree survive to maturity. Spaced stands younger than 15 years often
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show an increase in the level of terminal weevil following spacing. Maintain higher stands densities
(2500 stems/ha) or avoid spacing altogether when the incidericerminal weevil is more than 10%.

References:
Duncan, R.W. 1986Ierminal and Root Collar Weevils of Lodgepole Pine in British Columbia. Forest Pest
Leaflet 73. Canadian Forestry Service. Government of Canada.

Swift, K, J. Turner, andl.. Rankin. 20D. Cariboo Forest Region: Part 1 of 3 Forest Health Stands
Establishment Decision Aidk. Eco. Marg(1)

Spruce Weevil
PissodestrobiPeck

The BECs with the highest hazard for spruce weevil are some of the most productive spruce growing
areas in the @riboo Region. A map showing spruce weevil incidence in the Quesnel District and the old
Horsefly Districtas reported in RESUDTSn be found at the following site.
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Forest Health/ RESULTS%20incidence%20maps/
These maps reflect the free growing rules which only record impacted trees for which the leader has
been killed 3 times in the last 5 years, tkader is displaced by more than 30 cm and is above stump
height, or there are two leaders above stump height with no dominance expressed in the last 5 years.
Hodgkinson et al. (2011) recommend planting genetically resistant seedlings, species mixes, high
densities, retaining deciduous regeneration, argingnurse crops or alternate silviculture systems to
reduce the risk from spruce weevil. Open grown sprsteedson warm good sites between-80 years

of age and 0.512 m tall areat greatest risk ofspruce weevil attack.

References:

Hodgkinson, R., K. White, & A. Stock. 2e11 . NA G A &K / 2f dzYo Al Q& b2 NI KSNY
/White Pines Weevil Stand Establishment Decision Aid. BC Journal of Ecosystems and
Management 11(3): 554.

Warren Rot Collar Weevil
Hylobius warrenWood

Lodgepole pine is most susceptible to Warren root collar weevil but spruce and western white pine may
also be impacted. Warren root collar weevil is common on lodgepole pine of all ages but normally only
young treesbetween theages of 5and 20are killed.Dominant and calominant trees on moister sites

with a coarse textured soils and a deep organic duff layer are most susceptible (McCulloch et al. 2009).
In young stands, above ground symptoms can be similar to tbasged by Armidria, howeverWarren

root collar weevil is easily distinguished by blpitkh, tube like shelters, andot girdling at the base of

the trees.Weevil larvae take two years to develop and overwirgeidarvae Weevils may migrate into

young lodgepole pine stands from infestethture lodgepole pine alongtandedgesor existing larvae
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may continue to develop on the stumps of freshly cut mature lodgepole pine for a period of one to three
years (McCulloch et al. 2009). Adult weevils live fotalfive years and travel 306m a year. On

average an adult feale weevil lays about 12 eggsar (Duncan 1986). In heavily infected areas with a
low brush hazard, delaying planting for one or two years may reduce the level of weevil moDiedy.
trenching and planting on the mound majsoreduce mortality by decreasing duff thickness and
moisture.In high hazard areadelay spaing until after the age of 20 to reduce the risk of subsequent
weevil caused mortality.

References:
Duncan, R.W. 1986I'eminal and Root Collar Weevils of Lodgepole Pine in British Columbia. Forest Pest
Leaflet 73. Canadian Forestry Service. Government of Canada.

McCulloch, L.B. Aukema, K. White, ant¥l. Klingenberg. 2000 . NAGAaAK / 2f dzYoAl Qa y 21
forests: Warr@ Root Collar Weevil Stand Establishment Decision Aid. BC Journal of Ecosystem and
Management 10(2)105-107.

2) Diseases
a) Root Ros

Armillaria RooDisease
Armillaria ostoyagRomagne.) Herink
=ArmillariasolidipesPeck, Bull.

Armillariaroot disesse causes mortality in &ide range of conifers and deciduous trees in the Cariboo
Regionand may increase the susceptibility of infected trees to bark beetles and other pestglasfir,
true firs, and western hemlock are highly susceptible to Arnallayot disease, spruce exhibits medium
to high susceptibility, pines are moderately susceptilbind western red cedand deciduous species
have a lower susceptibilityVestern larch also appears to be less susceptible to Armillaria after age
forty.

Mesdc sites in lhe ICHzone haethe highest hazard for Armillaria Root DiseéSkaryet al.2008).

Armillaria ostoyaeppears to be abseritom the Chilcotin Plateau arebme portions of the Quesnel
District. There is a closely related species of Armdlghi sinapinathat is weakly pathogenic on
deciduous trees andanbe saprophytic on conifersA. sinapindikely has aeographic range tha

extends much further north thaA. ostoyae The two species can be distinguished by their pathogenicity
to confersand the branching pattern of the rhizomorphs or shoe strings.

Armillaria root disease is besurveyed prior to harvest by sketch mapping the location of centers and
individual treesor by using a transect survey. Pixel surveys are not recommeadtbdugh Armillaria is
fairly easy to identifyit can be difficult to identify omleadyoung trees afterlte fans are no longer
visible.
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In the paststumping has been prescribed to treat Armillaria root disease. The effectiveness of past
stumping treatents is currently b@g evaluatedThe results of these studies will be used to evaluate
the effectiveness of stumping treatments and help managers to decide whether or not to continue with
stumping treatments. At present stumping treatments are stidlommended for the treatemat of
Armillaria root diseaseAnother approaclis toregenerate witha uniform mixture of ecologically

suitable specietd minimize root to root contactLleary etl. (2008)recommend planting a uniform
mixture of 50% less sumatible speciesvhen plantingwith highly susceptible species and a 30% mixture
of less susceptible species @hplanting with moderately susceptible specibigfily susceptible species
make up les than 30% of the species iXhere is some evidence thadtural regeneration may be

less susceptible than container sto€khapman et aR011). Research is also currently underway to look
at the effectiveness of treating stumps witlypholoma irregularésufur tuft mushroomjnoculum
(Chapman et ak004)andring barking.

In unmanaged stands, the severégd size of root rot centerseems to vargonsiderablyfrom site to

site. Variation in diseasseverity may be due to the frequency of exposure or quality of inoculum
(infected roots) present on the sita tree vigour(Cleary et al. 20085eveely impacted stands often
have a significant deciduous component likely due to the lower susceptibility of deciduous species. Trees
often form root calluses or swellings in response to Agarid infection and somstands where

Armillaria is present appear to have lewrates of mortality despite the presence of Armillaria calluses
on the roots of many of théve trees.Intensification of Armillaria root dease has been reported in
association with partial cutting-his is believed to be a result of the rapid spread of Armillaria in stump
roots following cuttingThere have also been some reports of Alamia inensification following

brushing therefore b minimizethis affectbrushingshould only be dong/hen abslutely necessary to
achieve free growinganddonewhen the trees are stifmall to minimizehe size of stumps that act as
inoculums sourcefCleary et al. 200850me researchetsave reported no intensification of Armillaria
root diseaseassociated wh partial cutting(Chapmaret al. 2007). More research is needed in order to
understand the factors that lead to disease intensification and to come upheitier treatment
approaches fothe management of Armillaria root disease.

References:

ChapmanW.K, B. Schellenberg, and. Newsome2011. Assessment #éfmillaria root disease
infection in stands in soutbentral British Columbia with varying levels of overstory retention, with and
without pushover logging. Can J. For Res. 41:1%506%.

ChapmanB., G. Xao, andS Myers. 2004.Early results from field trials usittypholoma fasicular®
reduceArmillaria ostoyaeoot diseaseCan J. Botany 82:9&59
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Laminated Root Rot

Phellinus weirifMurr.) Gilbertson (Douglafir type)
=Phellinus sulphurascefurrill) Gilbertson
=Inonotusweirii (Murrill) Kotl &Pouzar
=Inonotussulphurasens(Pilat) Larsen et al.

Laminated root rot is primarily a disease of Dougladt forms discrete root rot centers or openings

with associated windthrowand deadstandingtrees. Windthrown treegienerally have characteristic

root balls with laminatedlecay andypically fall in all directiond.aminated root rot is most prevalent in
the 100Mile District. It is absent from the&Chilcotin plateau and the northernmost range of Douglas
along the Fraser Rivédaut is present in the southern part of th@uesnel District. Root rot centers in the
northern Cariboo tend to be sm4B-4 trees)and are often associated with Dougttasbeetle, while

those in the south may be quite large. In the J@#dstern red cedar is often associated with root rot
centers.Laminated root rot is fairly easy to manage on its own through stumping or the use of alternate
species (pines or cedar) but management becomes much more difficult when it occurs together with
Armillaria root rot Laminated root rosometimes goesndiagnsed wherit occurs in conjunction with
Armillaria Laminated root rot centers are fairly easysiketch mayprior to harvestingGenerally only
moderate to high root disease strata are treateg%incidence. In young stands, aBm transect

survey withsurvey lines 50 to 100m aparan beemployedto measure incidenceAll treeswithin the
transectexhibiting root rot symptoms (reduced growth, chlorosis , and stress cones) are assessed for
signs of root disease. Treatment in young stands is difficllpl&nting with alternate species can be

used to fill in gaps. Thinning is not recommended unless there are sufficient alternate species present
that can be left aseavetrees.Young trees may be killed within a couple of years of infeci@trees
getolder the period between infection and death becomes longer and longer to the point where old
growth trees may survive many years with the disease.
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Tomentosus Root Disease
InonotustomentosugFr.:Fr.) S. Teng.

Although lodgepole pine is fairly susceptible to Tomentosus root disease, sprineegdrary host for
Tomentosus root dease andhe disease igyenerally associated with spruce stands or spruce stumps.
Infection can occur via sporgs from root to root contact between trees or trees and stumps.

Tomentosus root disease often goes undetected despite its widespread occurrence in the Cariboo Forest
Region and can cause considerable growth loss in mature spruce dtivelgear basal area increment

is abou 20% less in 60 year old spruce compared to healthy trees (Hunt & Unger 18f@t}ed trees

are also more susceptible to blow down. The advanced decay produces a characteristic honey combing
which is fairly easy to ahtify on the roots of windthrowThe fruiting bodies are also relatively easy to
identify and when they are present they can be used to diagnose Tomentous root disease. Tomentosus
root disease can be difficult to assess prior to harvest because it requires root drilling for accurate
detection. Post harvest stump top surveys are much easier to do and make it possible to survey 100% of
the cut trees. Treatments for Tomentosus include planting alternate species and avoidance planting.
Avoidance planting involves planting spruce trees at I8astaway from infected stumps and requires

that the stumps be marked prior to planting.

It is very important to include root rot survey results when filling out information in RESULTS. Because
root rots are diseases of the site (they persist on the feiteas long as susceptible tree species are
present) this data can be very useful for recording where root disease occurs and will remain relevant
for many years after the survey is completed.
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b) Stem Rusts

As a group, stem rusts account for the largest losses to young lodgepole pine stands (<25 years) in the
Cariboo. In the Quesnel District, rust incidences e8Q% are fairly common iyoung pine plantations.

The number of new rust infections can vary considerably from one year to the next. Years with a high
number of new infections are called wave years. Changes in local climate could have an impact on the
frequency of wave years in thature. Squirrel feeding is often associated witrst cankersThe most
complete accounting of rust damage is conducted through the-fresving assessment and is recorded

in RESULTA.map showing theombinedincidence oicomandra rust and westergallrust reported in
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RESULTiB the Quesnel District is shown in RBgThis information can be used to predict areas that
may have a high rust hazard in the futuomé example is shown iRig.4). Not all stands with high rust
incidence are within high ra$iazard zons, rather the high rust hazaateas r@resent areas where
there have been a number of stands withcumentedhigh rust incidence in the pasthis assumes that
areas of high rust incidence in the past will continue to have high rust incidemc¢ke future.

Within high rust areadt is recommended that higher stocking standards be used to account for losses
due to rusts. Ifyou assume a rust incidence of 25% (and no other forest health factomder to

achieve a target stocking of 120@ms1s per hectare it would be necessary to regenerate at least 1600
stems per hectare of pine. It is good practice to plant species other than lodgepole pine as a minor
component in lodgpole pine stands whenever possible to further offset potential lossestem rusts.

In the previous example of planting 1600 stems per hectare, if a 15% mixture of spruce is intermixed
with the pine a target stocking of 1200 stems per hectare could still be achieved even if the free
growing survey rust incidence on pine s high as 29.4%
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Comandra Blister Rust
Cronartium comandraPeck

Comandra blister rust alternates betewe lodgepole pine an@eocaulon lividunfbastard toad flax) and
Comandra umbellatgpale comandra). The incidence of Comandra rust on lodgepole pine is highest
when lodgepole pine is in close association with the alternate host and decreases dramaditiadly a
distance from an alternate host increases from 1 to 5m (Reich, 2011). Comandra cankers are typically
1.54 times as long as they are wide. The spores produced on lodgepole pine are club shaped as
opposed to Stalactiform blister rust spores which spéerical.
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The sum of: DSC (Comandra Blister Rust Cronartium comandrae), DSG (Western Gall Rust Endocronartium harknessii)
and DSS (Stalactiform Blister Rust Cronartium coleosporioides) for Quesnel Forest District
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Fig. 3. Combined incidence of western gall rust and comandra rust in the Quesnel District based on RESULTS data RiohatekiReich)
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Fig. 4. High Rust Hazdpdlygons in the Quesnel TSA (yellow) overlaid on BEC map
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