Canadian Council Conseil canadien
/@ des ministres
d

of Forest
Ministers \w es foréts

C

Risk assessment of the threat of mountain
pine beetle to Canada’s boreal and eastern
pine forests







Canadian Council Conseil canadien
of Forest @ des ministres
Ministers \w des foréts

-

RISK ASSESSMENT OF THE THREAT OF
MOUNTAIN PINE BEETLE TO CANADA’S BOREAL
AND EASTERN PINE FORESTS

Prepared for the Canadian Council of Forest Ministers, Forest Pest Working Group

Edited by KP Bleiker
Natural Resources Canada — Canadian Forest Service
Pacific Forestry Centre,Victoria, British Columbia



© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources Canada, 2019
Cat. no. Fo79-14/2019E-PDF
ISBN 978-0-660-30744-2

This report is a product of the Canadian Council of Forest Ministers Forest Pest Working Group.

A pdf version of this publication is available through the Canadian Forest Service Publications website
http://cfs.nrcan.gc.ca/publications.

Cet ouvrage est publié en francais sous le titre : Evaluation de la menace que pose le dendroctone du pin
ponderosa pour les pinedes de la zone boréale et de I'Est du Canada.

Design and layout: Julie Piché

Photo credits

Cover, top left, Roger Brett, NRCan; top right, Brian Poniatowski, Saskatchewan Ministry of Environment;
bottom, Rory Mclntosh, Saskatchewan Ministry of Environment. Pages 3 and 5, Rory Mclntosh, Saskatchewan
Ministry of Environment.

Information contained in this publication may be reproduced, in part or in whole, and by any means, for personal
or public non-commercial purposes, without charge or further permission, unless otherwise specified.

You are asked to

« exercise due diligence in ensuring the accuracy of the materials reproduced;
* indicate the complete title of the materials reproduced and the author organization; and

* indicate that the reproduction is a copy of an official work that is published by Natural Resources Canada
and that the reproduction has not been produced in affiliation with, or with the endorsement of, Natural
Resources Canada.

Commercial reproduction and distribution are prohibited except with written permission from
Natural Resources Canada. For more information, please contact Natural Resources Canada
at nrcan.copyrightdroitdauteurrncan@canada.ca.


http://cfs.nrcan.gc.ca/publications
mailto:nrcan.copyrightdroitdauteur.rncan@canada.ca

Contributing Authors

Workshop Participants
Acknowledgements
Executive Summary
Background

Likelihood of Spread

I A significant portion of Canada’s boreal forest is at risk to MPB attack.
(K. Bleiker)

2. A significant portion of Canada's boreal forest is climatically suitable
for MPB. (K. Bleiker)

3.MPB can locate and successfully colonize jack pine or populations
of lodgepole pine that occur outside the beetle’s historic range.
(K. Bleiker; N. Erbilgin)

4. MPB productivity in jack pine will be within the range observed in pine
species from its historic range. (K. Bleiker)

5. The natural spread rate of MPB will vary and depend on beetle
population size. MPB can spread long distances (e.g., |00-300 km)
when population levels are extremely high. (K. Bleiker)

6. In the absence of management, MPB will continue to expand its range
eastward in Canada’s boreal forest by the natural process of a dispersal.
Outbreak populations in western Alberta could fuel farther eastward
spread in the near future (2—8 vears). (K. Bleiker)

7. Farther northward expansion of MPB's range will be limited in the
near future due to low climatic suitability. (K. Bleiker)

8. Sustained application of the current aggressive management practices
in Alberta’s eastern leading-edge zone will slow eastward spread.
(K. Bleiker; C. Whitehouse)

9.There are few tools to detect and control MPB and their efficacy is
limited. (K. Bleiker, B. Cooke)

|0. MPB could spread to eastern pine forests through the transport of
infested wood by humans. (K. Bleiker)

21

24

27

28

29

33

36



Consequences of Spread 38

I'l. Fibre losses associated with MPB-caused tree mortality will vary across

the landscape and will affect the merchantability of some stands in the boreal
forest. Some losses may be mitigated by salvage harvesting, but a rapid decline
in wood quality following beetle attack will limit the potential uses and/or
value. (K. Bleiker, K. Lewis) 38

| 2. Forest management practices implemented to reduce outbreak spread

and recover economic value from standing dead pine will influence

mid-term fibre supply and other forest values, and affect the vulnerability

of forests to future disturbances and climate change. (E. Campbell) 40

| 3. The impact of MPB-caused tree mortality on timber flows in the
boreal forest will be highly variable. (B. Stennes) 42

[ 4. Communities in the boreal forest will vary in their capacity to adapt
to MPB-caused tree mortality. (R. Friberg) 43

I5. The ecosystem services values at risk in eastern pine forests exceed
those of traditional commercial timber values. (B. Cooke) 45

| 6. MPB will have a significant impact on the carbon balance of Canada'’s
boreal forests. (C. Boisvenue) 47

| 7. MPB infestations will increase wildfire risk throughout western Canada.
(C. Stockdale) 48

References 49



Contm'bwtw’nﬁ Authors

Bleiker, Katherine P

Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre
506 West Burnside Road,Victoria, British ColumbiaV8Z M5

e-mail: katherine.bleiker@canada.ca

Boisvenue, Céline
Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre

506 West Burnside Road,Victoria, British ColumbiaV8Z M5
e-mail: celine.boisvenue@-canada.ca

Campbell, Elizabeth M.

Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre
506 West Burnside Road,Victoria, British ColumbiaV8Z M5

e-mail: elizabeth.campbell@canada.ca

Cooke, Barry |.
Natural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre

219 Queen Street East, Sault Ste. Marie, Ontario P6A 2E5
e-mail: barry.cooke@canada.ca

Erbilgin, Nadir

Department of Renewable Resources, University of Alberta

4-42 Earth Science Building, | 1223 Saskatchewan Drive NV, Edmonton, Alberta T6G 2E3
e-mail: erbilgin@ualberta.ca

Friberg, Rob F.

University of British Columbia, Okanagan Campus

3247 University Way, Kelowna, British Columbia VIV V7
e-mail: rob.friberg@ubc.ca

Lewis, Katherine |.

University of Northern British Columbia

3333 University Way, Prince George, British Columbia V2N 4279
e-mail: kathy.lewis@unbc.ca

Stennes, Bradley K.

Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre
506 West Burnside Road,Victoria, British ColumbiaV8Z M5

e-mail: brad.stennes@canada.ca

RISK ASSESSMENT OF THE THREAT OF MOUNTAIN PINE BEETLE TO CANADA’S BOREAL AND EASTERN PINE FORESTS


mailto:katherine.bleiker@canada.ca
mailto:katherine.bleiker@canada.ca
mailto:katherine.bleiker@canada.ca
mailto:barry.cooke@canada.ca
mailto:erbilgin@ualberta.ca
mailto:rob.friberg@ubc.ca
mailto:kathy.lewis@unbc.ca
mailto:brad.stennes@canada.ca

Stockdale, Chris

Natural Resources Canada, Canadian Forest Service, Northern Forestry Centre
5320 122 Street Northwest, Edmonton, Alberta TéH 355

e-mail: chris.stockdale@canada.ca

Whitehouse, Caroline M.

Alberta Agriculture and Forestry

8th floor; 9920-108 Street, Edmonton, Alberta T5K 2M4
e-mail: caroline.whitehouse@gov.ab.ca

Wovkshop Participants

. Likelihood of MPB Spread (Victoria, British Columbia |7 April 2018)
Kathy Bleiker; Natural Resources Canada — Pacific Forestry Centre

Allan Carroll, University of British Columbia

Barry Cooke, Natural Resources Canada — Great Lakes Forestry Centre
Nadir Erbilgin, University of Alberta

Janice Hodge, JCH Forest Pest Management

Anthony Hopkin, Natural Resources Canada — Pacific Forestry Centre
Rory Mclntosh, Saskatchewan Ministry of Environment

Bill Riel, Natural Resources Canada — Pacific Forestry Centre

Erica Samis, Alberta Agriculture and Forestry

Brad Stennes, Natural Resources Canada — Pacific Forestry Centre
Caroline Whitehouse, Alberta Agriculture and Forestry

2. Economics Impacts (Victoria, British Columbia 18 April 2018)
Kathy Bleiker; Natural Resources Canada — Pacific Forestry Centre
Bryan Bogdanski, Natural Resources Canada — Pacific Forestry Centre
Barry Cooke, Natural Resources Canada — Great Lakes Forestry Centre
Anthony Hopkin, Natural Resources Canada — Pacific Forestry Centre
Janice Hodge, JCH Forest Pest Management

Rory Mclntosh, Saskatchewan Ministry of Environment

Bill Riel, Natural Resources Canada — Pacific Forestry Centre

Erica Samis, Alberta Agriculture and Forestry

Brad Stennes, Natural Resources Canada — Pacific Forestry Centre
Caroline Whitehouse, Alberta Agriculture and Forestry

Ac&mﬂw@mf

A special thank-you to Janice Hodge for recording workshop outputs and organization and to Gurp
Thandi for compiling data and generating maps presented in this report. In addition to the contributing
authors listed for each statement, the following people provided useful comments, information,
expert opinion or technical assistance: Rory McIntosh, Jean-Luc St. Germain, Greg Smith, Brooks
Horne, Bill Riel, Les Safranyik, Roger Brett, Erica Samis, Jessica Fraser, John Kang, Anthony Hopkin,
Tim Ebata, Mike Undershultz, Fraser McKee, Jennifer MacCormick, Alec McBeath, Mark Hafer,
Andrew Dyk, Graham Stinson, Frank Eichel, Larry Watkins, Adrian Walton, Anthony Viveiros, Bev
Wilson and Larry Gelhorn, Barbara Bentz, and Brian Aukema. The provinces of British Columbia,
Alberta, Saskatchewan, Manitoba and Ontario provided inventory data.

RISK ASSESSMENT OF THE THREAT OF MOUNTAIN PINE BEETLE TO CANADA’S BOREAL AND EASTERN PINE FORESTS


mailto:chris.stockdale@canada.ca
mailto:caroline.whitehouse@gov.ab.ca

Executive fwm,ma/r)/

Since 2000, mountain pine beetle (MPB) has spread relatively rapidly east across the Rocky Mountains,
through northeastern British Columbia, across much of Alberta, and northward towards Yukon
and the Northwest Territories (Figure I).The risk of farther northward spread is low in the near
future due to poor climatic suitability and the subsiding of large populations in northern British
Columbia. However, an area of highly susceptible pine in southeastern Yukon is expected to be
at risk by 2050 due to the anticipated effects of climate change. Spread into the boreal forest is
comparatively slower than spread across western and central Alberta. Slower spread rates are
likely due to (i) aggressive control efforts in eastern and central Alberta; (ii) lower pine volumes
in eastern Alberta compared to farther west; and (iii) a lack of massive long-distance immigration
events into eastern Alberta. The current climate of Canada’s southern boreal forest can likely support
MPB, and there is an opportunity to improve climatic suitability indices to assess future risk.

The greatest threat of eastward spread currently comes from populations around Lesser Slave Lake,
which are persisting and slowly spreading through high volume pine stands in the area (Figure 2).
Provincial inventory data used in this assessment show more pine at risk across Alberta, Saskatchewan,
Manitoba and Ontario than national data sources used in previous assessments (Figure 3). While
climate regulates MPB populations at a landscape scale, stand characteristics are the main
determinant of population dynamics at the local scale. A detailed forest inventory, including a
quantification of the phloem resources available, is necessary to better assess the potential
threat posed by MPB to eastern pine forests.

In addition to the persistent, slowly spreading populations around the Lesser Slave Lake area, there
are two other avenues for eastward spread. In 2018, there is evidence of long-distance dispersal
of beetles from large source populations in western Alberta into susceptible pine stands south
of Lesser Slave Lake. If populations build to uncontrollable levels in central Alberta in the near
future, they would provide a source of beetles that could disperse the 300 km into Saskatchewan,
fueling eastward spread. The threat will likely persist several years until the large outbreaks in westermn
Alberta collapse. The second avenue for eastward spread is through the long-term threat posed
by extremely low density MPB populations that may be established in eastern Alberta. Such
low-density populations could increase under favourable conditions, threating eastward spread
and requiring special monitoring efforts.

MPB spread requires both dispersal (or movement) and the subsequent establishment of the
founding population in a new environment. Spread will likely be positively correlated with beetle
population size. Spread of endemic (or low density) populations is likely to be negligible, while
untreated spot and incipient infestations could spread at a rate of tens of metres up to several
kilometres per year. Massive populations could result in a spread of 100-300 km in the direction
of the prevailing wind. Spread via the human-assisted pathway is unlikely due to the low volume of
wood moved and provincial policies, but specialty users present a specific and higher risk. Overall,
there is relatively high uncertainty associated with the rate of MPB spread in Canada, which highlights
(i) the need for a better understanding of dispersal; (ii) the importance of annual surveys and
annual review of control decisions; (iii) the need for a better understanding of MPB population
dynamics in novel habitats; and (iv) the extremely volatile nature of the situation and how quickly
it can change.

Populations can be suppressed through management actions, but control of large populations is not

feasible. The relationship between MPB's annual population growth rate, the size of the infestation
and the proportion of the population that can be treated will determine whether or not it is a
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“winnable” battle. Detection of infested trees and control efficacy are dependent on available

resources. Successful suppression requires early detection and aggressive control that is sustained
until the cause or causes of the outbreak are no longer operative. These principles should apply in
the new range, although there is higher uncertainty of specific treatment thresholds due to novel
beetle-host-climate interactions. Small perturbations in the system can also manifest in sudden changes,
which means that management decisions and allocation of resources must be reviewed annually.

Quantifying MPB's expected impact on novel pine forests is key to determining the socio-
economic and ecological consequences of MPB spread. Impact in the boreal forest is expected
to be lower than in British Columbia due to comparatively lower pine volumes: stands that have
many large mature pine trees are expected to suffer the highest mortality rates. Overall, MPB's
impact is expected to negatively affect stand merchantability, forest-dependent communities,
Indigenous communities, carbon storage, and ecosystem services values. The potential impact of
MPB in boreal and eastern pine forests is far greater than that of any other forest insect in
Canada. Wildfire risk in the fire-prone boreal ecosystem is expected to increase with tree mortality,
but it will change over time.There may be the potential to recover some losses by harvesting beetle-
killed trees; however, value will be reduced and it may be more beneficial to leave stands with
good secondary structure and understory for their mid-term timber supply and ecological values.

Canada’s boreal and eastern pine forests are novel habitat for MPB. MPB is exposed to substantial
variation in hosts within its historic range in western North America, and it is likely that the
behaviour and population dynamics of MPB in its new habitat will fall within the range of that
observed on the variety of pine hosts attacked in the beetle’s historic range. However, the
uncertainty associated with this statement is high and there is a need for empirical stand-level
field studies. The vast majority of introduced species tend to perform similarly across their native
and invaded ranges. In assessing the threat MPB poses to boreal and eastern forests, it is critical to
consider that MPB possesses at least two key traits of highly successful species: (i) high reproductive
capacity; and (i) widespread dispersal ability (but only during outbreaks). These characteristics will
likely make MPB a significant disturbance agent in any pine-dominated ecosystem.

Bzw@row/w{
Current State of the MPB Threat

Mountain pine beetle (MPB) is a native disturbance agent of pine forests in western North
America. Periodic eruptions generally occur every 25—40 years in lodgepole pine-dominated
ecosystems in British Columbia’s interior and cause notable tree mortality. The recent epidemic
that started in the mid-1990s surpassed any previous outbreak in recorded history by an order
of magnitude. Over 730 million m* or approximately 55% of the merchantable pine in British
Columbia was killed resulting in significant economic, social and ecological impacts. Just as the
epidemic was peaking in the mid-2000s, large numbers of beetles moved long distances across
the Rocky Mountains on upper atmospheric winds. The beetles were deposited east of the
Continental Divide in northeastern British Columbia and northwestern Alberta where they quickly
established and spread through a region where infestations had not been previously recorded.

Prior to 2000, MPB infestations in Alberta were limited to around Banff and the southern Rocky
Mountains, Kananaskis region and an isolated pocket of lodgepole pine spanning the southern

Alberta-Saskatchewan border called the Cypress Hills (Figure |). Since about 2006, MPB has spread
through lodgepole pine forests in western and central Alberta aided by several long-distance dispersal
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events. Spot infestations have been recorded near 60° N for the first time in recorded history
and close to the Saskatchewan border in Alberta.

There still appears to be no impervious biological barrier to prevent eastern spread, atthough the
rate of spread in eastern Alberta has been slowing The slower rate of spread is attributed to
lower pine volumes, poor connectivity of susceptible pine stands, lower probability of long-distance
dispersal events as distance to a large source population increases, and aggressive control efforts
sustained to date by the province in eastern Alberta. Eastern Alberta, where infestations are
relatively small and control can be effective, has been identified in Canada’s MPB National Response
Plan and Containment Strategy as the best place to employ slow-the-spread tactics.

MPB Historic Range
(before 2000) H
MPB Expanded Range
L (since 2000)
MPB Detected,
but Unknown if Established |

Distribution of Pine

Figure 1. The historic range (before 2000) and expanded range (after 2000) of MPB in Canada. Outside the
expanded range is a region where MPB has been infrequently detected at low densities in aerial surveys (British
Columbia) or in pheromone-baited trees (Alberta, Northwest Territories). Currently, it is unknown whether MPB
is established in this outer region or in parts of it. That is, it is unknown whether the beetles detected in this outer
region are produced locally from established (resident) low-density populations or whether they are from larger
established populations farther west that occasionally disperse into the region but fail to establish.

RISK ASSESSMENT OF THE THREAT OF MOUNTAIN PINE BEETLE TO CANADA’S BOREAL AND EASTERN PINE FORESTS




There is very high uncertainty around the potential for large populations of MPB in western Alberta
to contribute to eastward spread in the near future. Large populations along the eastern slopes
of the Rockies could spread through the corridor of susceptible pine forest that runs south of
Lesser Slave Lake and build up on the eastern edge of the Foothills Region; this scenario would
position large populations that could potentially disperse the 300 km directly into Saskatchewan.
Regardless, increasing populations along the foothills of the Rocky Mountains has prompted the
province of Alberta to reallocate control resources from eastern Alberta to the foothills to protect
key watersheds and commercial forests. This reallocation of resources will manifest in reduced
control in eastern Alberta, which may leave small active infestations to percolate, build over time
and spread if left untreated.

Risk Analysis Process

Risk analysis involves assessing what is known to characterize risk (risk assessment) and developing
an appropriate response (risk response); communication to foster adaptation and transparency
occurs through the iterative and adaptive process. This Risk Assessment, like previous assessments,
follows the general Risk Analysis Framework developed under the National Forest Pest Strategy
for the Canadian Council of Forest Ministers (Nealis 2015). Affirmative provocative statements are
used to elicit scientific evidence and expert opinion to reveal new knowledge. For each statement,
associated uncertainties and the research needed to reduce the level of uncertainty are identified.
[t is an integrated and adaptive approach where new knowledge, uncertainty, and appropriate
responses are repeatedly assessed as new information becomes available.

2007 Initial Emergency MPB Risk Assessment
(Nealis and Peter 2008) http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/2889 | .pdf

In 2007, alarming levels of tree mortality from MPB east of the Rocky Mountains prompted the
Canadian Forest Service (CFS) to conduct an emergency risk assessment of the potential threat to
Canada’s boreal and eastern pine forests. The assessment determined there were no host-related
impediments to the spread of MPB farther east or north, but that spread rates and the severity of
infestations were expected to be less than in central British Columbia due to differences in forest
structure and a relatively unfavourable climate in the near future. Natural extinction of MPB was
deemed unlikely, and the threat of persisting populations erupting and spreading into the boreal
forest and causing socio-economic and ecological impacts was highlighted. The assessment advised
the development of a comprehensive response, including both short-term direct control and
longer-term preventative management. The most critical immediate information needs identified
were the effectiveness of management responses in controlling MPB, refinement of MPB monitoring
and detection, and a detailed forest inventory. The 2007 assessment focused additional questions
on risk related to the vulnerability of boreal and eastern pine species to attack, expected MPB
survival rates in novel climates, dispersal rates and directions of spread, and ecological and
socio-economic impacts.

2010 MPB Risk Assessment (update)
(Nealis and Cooke 2014) http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/35406.pdf

The 2010 update was requested by the Canadian Council of Forest Ministers Forest Pest Working
Group through the National Forest Pest Strategy due to the rapid changes in the distribution of
MPB and the significant investments being made by forest managers in response to the threat. The
2010 update included data up to 201 1/2012 and focused on new scientific evidence produced

since the initial emergency assessment and followed the same general framework. Socio-economic
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impacts were not reassessed. The reassessment found that between 2007 and 201 |, MPB continued
to expand its geographic and host ranges and was persisting in areas previously thought to be
climatically unsuitable. The significant contribution and erratic nature of long-distance dispersal of
beetles from high density populations on eastward spread were recognized, and the frequency
of long-distance dispersal events was predicted to decline after 201 1. The 2010 update also found
that MPB could locate and attack sparse clusters of pine trees in mixed wood stands and that
population growth and spread were potentially less constrained by the low connectivity of
susceptible stands than initially predicted; there was high uncertainty regarding MPB behaviour
on the leading edge. Additionally, jack pine and lodgepole pine populations in the new range may
have lower resistance to MPB, and beetle reproduction may be higher in these hosts due to their
putative naiveté. Overall, wildfire risk was predicted to increase. The need for an informed analysis
of response options incorporating the latest survey and research results was reiterated.

2012-2013 The Canadian Forest Service’s MPB Strategy and Research Plan
(Burke and Sankey 2013) Internal Canadian Forest Service Document

Given the assessment that the risk of MPB spread east into Canada’s boreal forest was real and
imminent, the CFS developed a strategy to provide a framework for future CFS decisions and
activities concerning MPB using an integrated science-policy approach. Scientists and policy analysts
identified key policy questions and priority research areas for the CFS. The policy questions related
to (i) the level of risk posed by MPB to Canada's boreal forest, including its potential impacts on
fibre supply, communities and ecosystem services; (i) the likely pathways of spread and potential
opportunities for, and benefits of, intervention; (iii) the lessons learned to date and communication
practices for sectors regarding future risk; and (iv) the maintenance and further development of
an integrative science-policy approach. Five research themes relevant to the policy issues were
identified in the Research Plan: novel habitat ecology; dispersal and spread; impacts (biophysical,
socio-economic, forest resilience, community adaptive capacity); mitigation and decision support
systems; and integration and synthesis. The Strategic and Research Plan defines the role of the CFS
in delivering expertise, knowledge and tools to forest practitioners and stakeholders related to MPB.

2017 MPB Response Plan (A Strategic Approach to Slow the Spread of MPB Across Canada)
(Hodge et al. 2017) https://www.ccfm.org/pdf/20 | 7-MPBStrategicContainmentApproach.pdf

A Response Plan (containment strategy) with options to slow the eastward spread of MPB was
developed in response to a request from the Canadian Council of Forest Ministers Forest Pest
Working Group.The plan uses research and field observations from both Alberta and British
Columbia to inform management actions and practices. The importance of early detection of
infestations while populations are relatively small and of aggressive control actions sustained through
time until populations are pushed below a critical threshold are highlighted. The draft containment
strategy includes the technical aspects of MPB population management, the science behind spread
control, and a discussion of the economic challenges and realities of MPB management. Collaborative
multi-jurisdictional management actions are required for successful management, and eastern Alberta
is identified as a suitable region to apply slow-the-spread practices outlined in the strategy.

2018 MPB Risk Assessment (reassessment of the threat)

As in 2010, the Forest Pest Working Group of the Canadian Council of Forest Ministers initiated
the 2018 Risk Assessment. Over 7 years of new research and information has accumulated and
a forthcoming proposal from Alberta for federal assistance to control MPB in eastern Alberta
warranted a reassessment of the threat. This assessment includes evidence from previous risk
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assessments that is still relevant and amalgamates a number of previous statements with the
objective of providing a stand-alone, comprehensive discussion of evidence around general topics.
Eastward spread has slowed due to aggressive control efforts as well as stand and climatic factors.
The greatest threat of eastward spread comes from persistent populations east and south of
Lesser Slave Lake that are persisting and spreading slowly in susceptible pine (Figure 2). There is
more susceptible pine at risk in Alberta and farther east than initially assessed. In the near future,
large populations in western Alberta may stoke populations in central Alberta, which could fuel
farther eastward spread. Over the course of an extensive outbreak, MPB may spread 100-300 km.
The current management strategy and control efforts in Alberta have reduced the area impacted
by MPB.Tools remain limited for detection and control such that the main way to increase control
efficacy is through greater allocation of resources. There is still a need to quantify potential socio-
economic impacts, including ecological services values, although the values at risk to MPB in
Canada’s boreal and eastern pine forests are arguably greater than for any other forest insect.

[ Natonat Parks | 20062000 | past | I2007-2009
Cold Lake Air || 2010-2012 fin % A |77 2010-2012
| =—Wkapdns Ranga | |EE2013-2015| | £ - | . 2013-2015

| |IM 2016-2018 7 ; : | 2016-2018

Fort McMurray
4
. lacLaBiche
Edmonton
Lac La! Biche
| |
50 Km

Figure 2. Progression of MPB spread through Alberta over time. Older infestations are plotted on top of more
recent infestations, such that a site is coloured for the earliest year of infestation. The bright red areas are where
MPB is actively spreading, with infestations recorded only within the 2016-2018 time period. The map of the
province on the left shows the two areas in Alberta where MPB is currently spreading: western Alberta around
Hinton and central Alberta around Slave Lake.The map on the right is a closeup of the area around Slave Lake
where there is the greatest threat of MPB spreading east to Saskatchewan. Intensive control activities are
conducted in central and eastern Alberta to reduce the rate of eastward spread.
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Leketithood 7f Spread

I.A SIGNIFICANT PORTION OF CANADA’S BOREAL FOREST IS AT RISK TO MPB
ATTACK. (K. Bleiker)

EVIDENCE

Mountain pine beetle (MPB) is a specialist on Pinus but a generalist within the genus. It has been
recorded as successfully attacking 22 species of pines (Safranyik et al. 2010).To date, of the native
North American pines, only Jeffrey pine and Great Basin bristlecone pine are described as unsuitable
for MPB development (Wood 1982; Bentz et al. 2016, Eidson et al. 2017,2018). A number of pine
species whose natural distributions are outside the range of MPB were attacked in arboreta in the
western United States during an MPB outbreak in the mid-1960s (Furniss and Schenk 1969;
Smith et al. 1981). Successful attacks were reported on the four species of pine native to eastern
North America, i.e., jack pine, red pine, eastern white pine and pitch pine. The susceptibility of jack
pine, and the non-native species Scots pine, was reconfirmed during a 1981 Canadian Forest Service
survey of shelterbelt trees in the non-forested grasslands region of southern Alberta (Hiratsuka
et al. 1982). Successful attack on a pure jack pine tree in the tree's native range was reported in
2011 in central Alberta (Cullingham et al. 201 1).

While some individual trees are susceptible to attack, MPB outbreaks only occur in stands with
a high proportion of old, large-diameter pine trees (Safranyik and Carroll 2006).This is linked to
increased productivity of MPB in large trees with thick phloem and the fact that host resistance
declines after age 60, which lowers the threshold density of beetles required to mount a successful
attack (see Statements 3 and 4). A stand susceptibility index (SSI), which accounts for stem density,
species composition, age as well as climatic suitability of a location, has proven to be a useful long-term
indicator of potential losses should a beetle epidemic occur in lodgepole pine stands in British
Columbia (Shore and Safranyik 1992; Shore et al. 2000). A stand susceptibility analysis for Alberta
and Saskatchewan using a modified SSI found that the eastern slopes of the Rocky Mountains
contained well-connected stands of susceptible pine; however, stand susceptibility was low in
eastern Alberta and throughout Saskatchewan (Safranyik et al. 2010).There is also a large area
of highly susceptible pine in southeast Yukon (Hodge 2012).

Safranyik et al. (2010) highlighted that the susceptibility of jack pine stands in Canada’s western

boreal forest may not be the same as for lodgepole pine stands in central British Columbia if there
are differences in MPB epidemiology in the two species (see Statements 3 and 4). Despite potential
differences, the general maxim that “more big pine trees are better for MPB” will likely apply across
species so that pine volume can be used as a surrogate to assess stand susceptibility for any species.

Estimates of pine volume vary with the source of data. Figure 3a shows nationally available CanFl
and EOSD data from Yemshanov et al. (201 1), which was used in previous risk assessments
(Nealis and Peter 2008; Safranyik et al. 2010; Nealis and Cooke 2014; Cooke and Carroll 2017).
Figure 3b shows the successor of CanFl, which are data derived from k nearest neighbours (kNN)
interpolation methodology, attribute values from the photo plots of Canada’s National Forest
Inventory (NFI) (Gillis et al. 2005; Stinson et al. 2016) as reference data, and 2001 MODIS imagery
as the main source of predictive variable (Beaudoin et al. 2014). Figure 3c is collated forest inventory
data obtained from each province overlaid on kNN data to fill in areas not covered by
provincial data.
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From Alberta through Ontario, pine volumes estimated from provincial inventory data are much
higher than volumes calculated from nationally available data (Figures 3a-c). Provincial data from
British Columbia show lower pine volumes in central British Columbia than national data because
the provincial data are more recent (2016) and reflect losses incurred during the recent MPB
epidemic. Pine volumes are highest along the eastern slopes of the Rocky Mountains, decrease
in central Alberta and then drop again in eastern Saskatchewan and western Manitoba before
substantially increasing again in Ontario. Detailed predictions cannot be made based on the
resolution of these data, but based on provincial data, pine volumes through much of Saskatchewan
and Ontario are comparable or higher than pine volumes in central Alberta where the beetles
spread relatively quickly (Figure 3c).

The accuracy and availability of detailed forest inventory data and issues related to using substitute
variables presents challenges for quantifying forests at risk to MPB in Canada (Nelson et al. 2006).
There are also inherent difficulties in changing the scale of models or indices like the SSI because
key drivers of a system may change when certain thresholds are surpassed or system drivers may
vary with scale (Nelson et al. 2006, Raffa et al. 2008). There are challenges with respect to collating
provincial data, e.g., collection methods differ among the provinces leading to inconsistencies and
the data are available only for the working forested landbase. VWith those caveats in mind, the
composite map of pine volume using provincial and national kNN data presented here is an
advancement in the assessment of pine at risk in Canada: there is more pine at risk in Canada
than previously thought.

Almost 50 years ago, Furniss and Schenk (1969) asked why MPB had not spread vet from lodgepole
pine in British Columbia to jack pine in central Alberta and east across the boreal forest. Almost
20 years ago, Logan and Powell (2001) postulated that a climate-facilitated range expansion of
approximately 7° N from a 2.5 °C warming could lead to MPB moving into previously unoccupied
lodgepole pine forests in northern British Columbia and an eastward invasion through jack pine.
Host availability is the main determinant of MPB population levels at the stand or site level, but
climate is the primary driver of MPB epidemics at the larger landscape scale (Goodsman et al.
2018) (Statement 2).

UNCERTAINTY
I. Low uncertainty that eastern pine species in Canada are suitable hosts for MPB.

2. Moderate uncertainty regarding the abundance and distribution of susceptible pine stands in
Canada.

3. Moderate uncertainty that the stand susceptibility index developed for lodgepole pine stands
in British Columbia applies east of the Rocky Mountains. (Low uncertainty that “more big
pine is better for MPB" will apply across species.)

RESEARCH NEEDS

I. Quantification of factors affecting the susceptibility of jack pine stands to MPB to validate,
re-parameterize or adapt the stand susceptibility index developed for lodgepole pine stands
in British Columbia for use in other regions.

2. Collation of the best available inventory data and standardization of mensuration data to improve
estimates of pine volume and variables used to assess stand susceptibility.
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Figure 3. (Continued) Estimated volume (m*ha) of all species of Pinus in western Canada using (a) national CanFl
and EOSD data from Yemshanov et al. (201 '), which was used in previous risk assessments; (b) national kNN data
from Beaudoin et al. (2014); and (c) provincial data obtained from each province for the working landbase overlaid
on national kNN data. The provincial data for British Columbia are more recent (2016) than the national data sources
and reflect volume losses in the province to MPB during the recent epidemic (see Figure 5). (Concluded)

2. A SIGNIFICANT PORTION OF CANADA’S BOREAL FOREST IS CLIMATICALLY
SUITABLE FOR MPB. (K. Bleiker)

EVIDENCE

Climate and weather are the key determinants of the distribution and demography of MPB
(Safranyik 1978). Mild winters and warm summers have been linked to increases in the area
infested, tree mortality and beetle productivity (e.g, Aukema et al. 2008, Sambaraju et al. 2012,
Creeden et al. 2014, Goodsman et al. 2018). Synchronous outbreaks over extensive landscapes
support climate as the main factor driving MPB epidemics at large spatial scales (e.g,, Aukema et
al. 2008; Goodsman et al. 2018). Once outbreaks are initiated, they usually end when insects run
out of host trees (Safranyik and Carroll 2006); populations in stands collapse due to intraspecific
competition and host depletion (Aukema et al. 2008; Goodsman et al. 2018). Extreme weather
events can also reduce populations and in rare cases even arrest outbreaks. The burgeoning 1970s
and early 1980s MPB outbreak in central British Columbia ended after back-to-back early season
cold events in 1984 and 1985 (Safranyik and Linton 1991). More than one extreme temperature
event may be required to push large populations below eruptive thresholds.

The range of MPB in Canada is limited by cold winter temperatures and not by the distribution
of available host trees (Safranyik 1978).The northern limit of MPB's distribution coincides with
the -40 °C isotherm, which has migrated northward with climate change (Safranyik et al. 1975;
Carroll et al. 2004). Cold temperatures are the largest single source of mortality in the life cycle
of MPB (Safranyik 1978, Amman and Cole 1983). Cold tolerance varies with life stage. Eggs will
not survive winter anywhere in Canada and adult beetles are unlikely to survive most winters in
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Canada’s boreal forest, but some late instar larvae can survive temperatures approaching -40 °C
in mid-winter when they are most cold hardy (Reid and Gates |970; Bentz and Mullins 1999; Cooke
2009; Bleiker and Smith 201 6; Bleiker et al. 2017; Rosenberger et al. 2018). Results vary as to whether
early larval instars are actually as cold tolerant as late larval instars and the current overwinter
survival model does not include stage specific mortality among larval instars (Safranyik and Linton
1998; Bentz and Mullins 1999; Régniere and Bentz 2007; Cooke 2009; Régniere et al. 2012).

Growing season temperatures determine MPB'’s developmental rate and the life stage(s) that enter
winter (Bentz et al. [991). In most of Canada, a synchronous one-year life cycle with late-instar
larvae entering winter is probably best for MPB survival. The beetle can complete its life cycle in
two years, but infestations are limited in regions with insufficient degree-days for a one-year life cycle
(<833 degree-days above 5.6 °C) (Safranyik et al. 1975). In fact, successive years of above-normal
summer temperatures allowing MPB to complete its life cycle in one year likely contributed to an
MPB outbreak in cool high elevation whitebark pine forests in the Rocky Mountains in the 1930s
(Logan and Powell 2001). Fractional life cycles that are less than one year are possible but would
be maladaptive in the boreal forest if non-cold-tolerant life stage(s) entered winter.

In addition to the direct effects on winter survival and developmental rate, weather also impacts
MPB indirectly through effects on the host tree. For example, long-lasting drought increases host
susceptibility by compromising the resin defences of trees and lowering the number of beetles
required to mount a successful attack (Safranyik et al. 1975, Raffa et al. 2008; Kolb et al. 2016).This
has significant implications for colonization success and MPB's ability to transition from endemic
to epidemic tree-killing behaviour (Boone et al. 201 |; Cooke and Carroll 2017). Furthermore,
interacting factors and non-linear dynamics in this system can manifest in “tipping points,” such that
a seemingly minimal change in climate or a small perturbation in the system can have sudden
and unpredictable impacts on MPB populations and tree mortality (Kolb et al. 2016; Cooke and
Carroll 2017).

The amount of climatically suitable habitat for MPB has increased dramatically over the last century
in North America, largely due to milder winters, and the beetle has responded by expanding its
range northward, moving into higher-elevation forests and increasing the number and frequency
of infestations (e.g., Carroll et al. 2004; Powell and Bentz 2009; Safranyik et al. 2010; Cooke and
Carroll 2017). In spite of favourable summer conditions for MPB development, the threat to Yukon
and the Northwest Territories is predicted to be low at least through to 2030 due to cold winter
temperatures (Hodge 2012,2014).

Assessments of the climatic suitability of Canada’s central boreal forest range from low to moderate
depending on the climatic suitability index examined (Nealis and Peter 2008; Bentz et al. 2010;
Safranyik et al. 2010; Nealis and Cooke 2014). Bentz et al. (2010) state that the probability of MPB
spreading across Canada this century is low even with the anticipated effects of climate change
due to the harsh winter climate in certain areas through which the beetle must pass. In contrast,
Safranyik et al. (2010) conclude that winter conditions along the southern edge of Canada's boreal
forest are currently sufficient to allow MPB to persist and that spread through central Canada will
largely hinge on the importance of MPB maintaining a synchronous one-year life cycle such that
the most cold-tolerant life stage overwinters.

In the period 2001-2030, the MPB phenology model predicts that the latitudinal band in which

MPB can maintain a one-year life cycle will shift northward such that there will be a limited region
in which both winter and summer temperatures are conducive to MPB outbreaks. However, recent
research indicates that MPB can regulate its life cycle to a certain degree (Bleiker and Smith 2017,
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Bentz and Hansen 2018); field data from central Alberta show that MPB can maintain a one-year
life cycle even with an advanced flight period and where developing insects receive 40% more
degree-days than needed for a one-year life cycle (Bleiker and Van Hezewijk 2016; Bleiker and
Smith 2017). There is a need to elucidate parameters and thresholds associated with an adaptive
life cycle and create a climatic suitability index that incorporates the potential impact of both summer
and winter temperatures.

UNCERTAINTY

I. Low uncertainty regarding the cold tolerance of eggs, young adults, and late-instar larvae, and
moderate uncertainty regarding the cold tolerance of the other life stages.

2. High uncertainty regarding the temperature thresholds and the timing of cold events required
for significant early (spring) and late (fall) season mortality (acquisition/loss of cold
tolerance), and low uncertainty regarding cold tolerance in mid-winter.

3. High uncertainty regarding the extent of temperature conditions under which MPB can maintain
an adaptive one-year life cycle.

4. Moderate uncertainty regarding the overall climatic suitability of the boreal forest through central
Canada for MPB and how rapidly it will change over time.

5. Moderate uncertainty over using climate or weather-based models, which work well at large spatial
scales, to predict mortality at smaller spatial scales where stand-level factors (e.g., interspecific
competition, host depletion) can obscure the effects of weather.

6. High uncertainty regarding how the MPB system will be impacted by minor perturbations, such
as small changes in weather.

RESEARCH NEEDS

I, Quantification of conditions (e.g, temperature and time thresholds) that lead to the acquisition
and loss of cold tolerance in MPB.

2. ldentification of climatic factors and relevant parameters that regulate MPB's life cycle.

Development and/or refinement of current climatic suitability indices into a composite index
that is parameterized to the current available knowledge.

3.MPB CAN LOCATE AND SUCCESSFULLY COLONIZE JACK PINE OR POPULATIONS
OF LODGEPOLE PINE THAT OCCUR OUTSIDE THE BEETLE’S HISTORIC RANGE. (K.
Bleiker, N. Erbilgin)

EVIDENCE

Given a suitable climate, the establishment and persistence of MPB in a habitat largely depend on
the beetle's interaction with the host tree: MPB must locate and successfully colonize suitable host
trees. Tree constitutive and induced defensive chemistry plays a significant role in host location,
selection and colonization (Raffa et al. 2008; Erbilgin et al. 2017a; Erbilgin 2019). MPB must kil its
host tree, or at least a strip of the tree, to successfully reproduce and pines have evolved chemical
defence systems to resist attack by herbivores and fungal pathogens. The constitutive or preformed
resin defences of pines are always present, and the induced resin defences are initiated once an
attack occurs. Both defence systems contain terpenes and other compounds, such as phenolics,
that can be attractive and toxic to bark beetles, depending on their concentration (Erbilgin et al.
2017a).
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Plant volatile compounds may be used by MPB to locate and select suitable host trees for attack
(Moeck and Simmons 199 1).When populations are low or at endemic levels, beetles typically locate
and colonize stressed and moribund hosts with severely compromised defences (Boone et al. 201 [;
Bleiker et al. 2014).VWhen populations are high, beetles preferentially attack large vigorous host
trees that have better resources but are also well defended (Boone et al. 201 I'). MPB overwhelms
the defences of healthy trees by attacking en masse: initial attacking beetles produce aggregation
pheromones de novo (male pheromone) and through oxidation of the host monoterpene a-pinene
(female pheromone) to coordinate a rapid mass attack (Erbilgin et al. 2017a). Anti-aggregation
pheromone is produced through autoxidation of a-pinene as additional beetles arrive to reduce
competition.

The increased susceptibility of naive species/populations hypothesis posits that pine populations
and species populations that have had no co-evolutionary interactions, or limited interaction, with
MPB lack the chemical defences of species and populations that have putatively coevolved with
MPB (as evidenced by Sturgeon (1979) for western pine beetle and populations of ponderosa
pine). Studies have tested this hypothesis for lodgepole pine populations west of the Rockies with
mixed results. Some studies use the climatic suitability rating of a site for the period 1941-1970 to
infer the selective pressure exerted by MPB over evolutionary time. Using this method, an analysis
of constitutive defence chemistry found support for the hypothesis in central British Columbia,
but not in southern British Columbia, or in a latitudinal comparison of sites (Clark et al. 2010).
Total monoterpenes in the induced response were higher at sites with a high climatic suitability
rating compared to sites with a lower rating, which supports the hypothesis (Burke et al. 2017);
however, there is emerging evidence that it is the relative concentration of certain monoterpenes,
rather than the total level, that is most critical for tree defence (reviewed in Erbilgin 2019).
Interestingly, limonene, which is very toxic to MPB at low concentrations (Chiu et al. 2017; Reid
et al. 2017),is found in higher concentrations in putatively experienced lodgepole pine compared
to naive lodgepole pine and it is also positively correlated with MPB attack density (Clark et al.
2010; Burke et al. 2017).

A confounding factor in some of these studies is that MPB had killed a significant proportion of
the mature trees at some of the study sites and the defences of surviving trees were assumed to
be representative of the beetle-killed pine population. However, MPB may preferentially attack trees
with certain chemical traits, and this can change with beetle density; certain host chemotypes are
also more likely to succumb to, resist, or avoid attack such that the character of surviving or
non-attacked trees may not represent MPB-killed trees (Raffa and Berryman 1983; Boone et al.
201 I; Erbilgin et al. 2017a).

Climatic fluctuations which occur over time—historical, dendrochronological and geologic time—
have also led to changes in the distribution and abundance of both bark beetles and their conifer
hosts (Brunelle et al. 2008). The historic suitability of a site based on a 30-year period in the 1900s
may not be indicative of the evolutionary history between lodgepole pine and MPB, especially
when pine is relatively long-lived and coevolution may require hundreds or thousands of years.
Interestingly, whitebark pine was postulated to be a naive species with weakly coevolved defences
for MPB because it grows in areas of low climatic suitability for the beetle (Raffa et al. 2013); however,
an analysis of whitebark pine chemistry indicates a coevolutionary history (Bentz et al. 2015). There
may also be trade-offs as once attacked by MPB, whitebark pine appears to be less defended than
lodgepole pine, but whitebark might also be less apparent because lodgepole is more likely to be
attacked when the two species co-occur (Raffa et al. 2013,2017; Bentz et al. 2015). There is also
evidence of MPB outbreaks occurring in high elevation whitebark pine forests based on lake cores
suggesting a relationship that dates back over 8,000 calendar years before present to the early
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Holocene, if not earlier (Brunelle et al. 2008). The outbreaks occurred during a cool wet period
(the 8,200-year event) that would have promoted whitebark pine forests, but a short warming
during the event may have facilitated the MPB outbreaks recorded in the lake cores. Similarly, a
warming trend from 1920 to 1940 likely led to an MPB outbreak in high elevation whitebark pine
forests (Logan and Powell 2001).The mixed results highlight the complexity in the systems and
the potential influence of other factors. Indeed, the amount of selective pressure exerted by MPB
may vary by species or population, but secondary metabolites, plant life history strategies, and
resources involved in defence are also likely affected by abiotic and environmental stresses.
Herbivore pressure is only one potential factor affecting tree defences.

Like whitebark pine, jack pine has also been hypothesized to be a naive species with respect to
MPB. A study of tree defences found that compared to lodgepole pine, jack pine has: (i) higher
total and relative levels of a-pinene; (ii) lower total and relative levels of myrcene (synergist to
the aggregation pheromone); (iii) lower total and relative levels of several terpenes that are toxic
to MPB (limonene, 3-carene, f—phellandrene), although results for some compounds depended
on chirality; and (iv) lower total combined terpenes (Hall et al. 2013; Clark et al. 2014; Erbilgin et
al. 2017b). Results of other studies varied for some terpenes and enantiomers, e.g.,, only relative
levels of a-pinene varied between the two species, and the trends for induced defences changed
over time, but most of the general trends prevailed (Hall et al. 201 3; Erbilgin et al. 2014, 2017b;
Taft et al. 2015, Burke and Carroll 201 6; Lusebrink et al. 201 |, 2016; Cale et al. 2017; Rosenberger
et al.2017).

Similar to the putatively naive species and populations discussed previously, the implications for jack
pine are difficult to discern due to complex and dynamic interactions. For example, concentrations
and combinations of compounds that may increase aggregation and the likelihood of successful
colonization may lead to decreased brood productivity due to intraspecific competition. Aggregation
(and anti-aggregation) pheromone production and attack density are positively correlated with
a-pinene in cut logs (Erbilgin et al. 2014; Taft et al. 2015; Burke and Carroll 2016), although similar
attack rates have been recorded on cut logs of lodgepole, ponderosa, limber, jack, red, eastern
white and Scots pine (Cerezke 1995; Rosenberger et al. 2017). Like jack pine, whitebark pine has
higher levels of a-pinene and lower levels of myrcene, toxic compounds and 3 -phellandrene
compared to lodgepole pine, and attack density is higher on whitebark than on lodgepole pine,
but brood production per female is greater in lodgepole pine in living trees (Statement 4; Bentz
et al. 2015; Raffa et al. 2017). Less toxic compounds in jack pine compared to lodgepole pine could
lower tree resistance and presumably the number of attacks required to overwhelm jack pine
defences, resulting in more resources and increased per capita productivity (Statement 4). Lower
levels of 3 -phellandrene, which while toxic is also attractive to MPB, could make jack pine less
apparent and less likely to be attacked similar to whitebark pine, although with adequate beetle
pressure any difference could become inconsequential (Bentz et al. 2015; Raffa et al. 2017).
Interestingly, the most abundant monoterpenes in lodgepole pine are not the most toxic to MPB
and certain minor monoterpenes may be more important than some major compounds (Chiu
et al. 2017). Adding a layer of complexity are the microbial symbionts of MPB that tolerate some
of the most toxic compounds to the insect better than the less toxic compounds (Adams et al.
201 1; Cale et al. 2017).

Throughout its extensive latitudinal range, MPB has been exposed to substantial chemical plasticity
in its hosts (e.g., Sturgeon 1979; Forrest 1980; Smith 1983; von Rudloff and Lapp 1987; Clark et al.
2010,2014; Erbilgin 2019). Although pines exhibit impressive variation in the quality and quantity
of their defensive compounds at the species, population and even tree level, pines are actually

similar in terms of the overall types of compounds in their resin because the secondary metabolites
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likely evolved in response to a suite of herbivores and pathogens (von Rudloff and Lapp 1987,
Keeling and Bohlmann 2006). In fact, the chemical similarity of jack pine to lodgepole pine has been
cited as a factor facilitating MPB range expansion in central Alberta (Erbilgin et al. 201 4; Erbilgin
2019). Although certain compounds and concentrations may be more toxic or attractive to MPB
and differ between jack and lodgepole pine or other hosts, it is unknown whether such differences
will actually manifest at the tree level, let alone the stand and landscape levels. Two prominent
historical hosts, ponderosa pine and lodgepole pine, may vary in their chemistry and even their
susceptibility (e.g, Rosenberger et al. 2017; Keefover-Ring et al. 2016), yet MPB causes significant
losses in stands of each species and to date there appears to be little practical significance of any
differences. The non-linear relationships and interactions in the system are affected not only by the
composition and concentration of defensive compounds but also by beetle density, the stage of
the colonization process, microbial symbionts, and environmental or abiotic factors.

A recent review by Erbilgin (2019) identified two phytochemical mechanisms that have likely
facilitated MPB's host range expansion. First, overall jack pine chemistry is similar to that of MPB's
historical hosts and is compatible with beetle pheromone production, aggregation on host trees,
as well as development of MPB brood and associated microorganisms. Second, compared to some
of the well-defended historical hosts, jack pine has lower concentrations of some toxic and repellent
defence chemicals, and comparatively high concentrations of chemicals promoting host colonization.
While there is a need for tree and stand level studies, evidence to date indicates that tree chemistry
should not inhibit MPB's ability to locate and colonize jack pine.

UNCERTAINTY

I. Low uncertainty regarding the effect of most of the individual monoterpenes that have been
studied to date on individual beetle behavior when tested in isolation, and moderate to high
uncertainty regarding some of the chemicals not studied yet.

2. High uncertainty regarding how (or if) chemical plasticity or morphological differences at the tree,
population, or species level will affect MPB populations dynamics in jack pine. High uncertainty
regarding MPB population dynamics in boreal forests at the stand and landscape level.

RESEARCH NEEDS

I. Empirical field data on MPB host selection and colonization behavior in jack pine at different
spatial scales, particularly the stand level.

2. Quantification of the threshold density of beetles required for populations to overcome tree
resistance and transition from endemic to outbreak (tree-killing) behaviour in jack pine in
forest stands.

4.MPB PRODUCTIVITY IN JACK PINEWILL BEWITHIN THE RANGE OBSERVED IN
PINE SPECIES FROM ITS HISTORIC RANGE. (K. Bleiker)

EVIDENCE

Once host defences are negated and MPB has established in a tree, productivity within the tree
is strongly correlated with tree diameter and the quantity of resources (Amman |1972; Raffa et al.
2008; Carroll et al. 2017). Beetles lay more eggs, suffer less intraspecific competition, develop faster,
and grow larger in lodgepole pine trees with thick phloem compared to thin phloem (Safranyik
and Carroll 2006).The number of brood increases linearly with phloem thickness in lodgepole pine;
the density of beetles emerging from lodgepole pine slabs increased from 60 to 940 per square
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metre, or 16 to 59 offspring per female, as phloem thickness increased from 2.2 mm to 5.8 mm
(Amman 1972). Phloem thickness and tree diameter are positively correlated, although stand
conditions and tree age affect this relationship; however, in general, phloem thickness explains MPB's
preference for large trees (Safranyik and Carroll 2006).

Reproduction appears to be low at endemic population levels when beetles colonize suppressed
and stressed hosts with compromised defences, presumably due (at least in part) to the thin, poor
quality phloem in these hosts (Boone et al. 201 |; Bleiker et al. 2014). As populations increase, beetles
can coordinate the successful mass attack of larger diameter stressed trees. Productivity increases
when beetle densities are sufficient to mass attack more than two trees at a site (Carroll et al. 2017);
this may be related to the quality of host that can be accessed by that beetle density. As beetle
populations continue to increase, they can successfully colonize larger and more vigorous trees
with thicker phloem, which in turn produce more beetles allowing access to even better-quality
hosts: this leads to positive feedback and explosive population growth (Safranyik and Carroll 2006).
At very high population levels, host defences become largely inconsequential as enough beetles
are available to overwhelm the defences of the most vigorous trees in a stand (Raffa et al. 2008).
At this time, the main determinant of population growth is host tree and stand characteristics:
eruptions occur in stands with a high proportion of large diameter trees with thick phloem
(Statement 1).

Interspecific generalizations for phloem thickness are challenging because of the confounding effect
of environmental, site, and stand conditions (Bentz et al. 2015). Jack pine phloem may be thinner
than lodgepole pine phloem because it grows on poorer quality sites (Lusebrink et al. 2016;
Rosenberger et al. 2017); however, a minimum total bark thickness of only 1.5 mm is required for
successful MPB development (Safranyik and Carroll 2006). Females will abandon galleries if they
break through the outer bark while constructing them. Successful MPB reproduction has been
reported in jack pine logs with a mean phloem thickness of only .1 mm (Lusebrink et al. 2016).
In a study using cut bolts of lodgepole and ponderosa pine as well as several eastern pine species,
including jack pine, phloem thickness had a stronger (positive) effect than pine species on both the
likelihood of successful brood establishment and the number of successful galleries (Rosenberger
et al. 2017).The positive relationship between phloem thickness and MPB productivity will very
likely apply to jack pine such that reproduction will increase with the thickness of jack pine phloem,
which is expected to be positively correlated with diameter. Larger diameter trees may also provide
some level of protection from cold snaps due to the greater thermal mass of the tree (Carroll
et al. 2017).

Phloem quality, e.g, nutritional and chemical differences, could also affect developing brood (Erbilgin
2019). Overall, MPB productivity in cut logs or naturally infested trees in the field appears to be
relatively similar across pine species, with some exceptions. Initial studies indicated that ponderosa
pine is a better host than lodgepole pine, producing larger beetles that emerge faster, but there
was no difference in emergence time, productivity or size in subsequent studies that controlled
for the effects of tree diameter and phloem thickness (Wood 1963; Amman 1982;West et al.
2016; Rosenberger et al. 2017). Limber pine appears to be a better host than lodgepole pine in
terms of MPB reproduction and survival (Langor 1989; Langor et al. 1990). In contrast, MPB
productivity in whitebark pine and lodgepole pine in either cut logs or naturally infested trees is
similar and the effect of host species on beetle size is inconsistent (Amman 982; Raffa et al. 2013;
Dooley et al. 2015; Bentz et al. 2014, 2015). Adult beetle size is positively correlated with fecundity,
survival and dispersal potential (Safranyik and Carroll 2006; Graf et al. 2012; Erbilgin et al. 201 4;
Evenden et al. 2014), but being small is advantageous in tree species with thin phloem (Safranyik
et al. 2010). MPB can successfully reproduce in a variety of hosts, including spruce and other non-pine
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hosts (Safranyik and Linton 1983; Huber et al. 2009; McKee et al. 2013).The point is that MPB can
tolerate and have a positive population growth rate in a wide variety of host environments that
vary in their chemistry and quality.

The chemical defence system may affect attack density and whether beetles successfully overwhelm
tree defences (Statement 3).This in turn can affect phloem quantity per female, intraspecific
competition, and per capita brood production.Tree species can differ in stored resources that
influence beetle size (Lahr and Sala 2014; Roth et al. 2018), but whether these effects scale up
to the stand or landscape level given the significance of other factors, including phloem thickness
and weather, are currently unknown (Bentz et al. 2015). Site or environmental factors, e.g., drought,
site index, could potentially affect host quality and thus MPB developing in the phloem, but a factor
such as drought may also have larger implications for MPB population dynamics through its effect
on host tree resistance and the threshold density of beetles needed for populations to transition
from endemic to outbreak behaviour (Cooke and Carroll 2017).

MPB productivity and attack rates in jack pine are similar to lodgepole pine in studies using cut logs
(Safranyik and Linton 1982; Cerezke 1995; DVV. Langor, unpub. data, cited in Safranyik et al. 2010;
Rosenberger et al. 2018). In some studies, but not in all, gallery lengths and size of offspring vary
between jack pine and lodgepole pine and in some cases, results differ among years. Unfortunately,
many did not control for phloem thickness, which likely contributed to some of the differences.
Analysis of fat content (a fitness indicator) are puzzling: female beetles reared in jack pine bolts
have a higher fat content than those reared in lodgepole pine, despite higher nitrogen levels in
lodgepole pine phloem, while male beetles reared in jack pine have a lower fat content than those
reared in lodgepole (Erbilgin et al. 2014; Lusebrink et al. 2016). MPB can successfully reproduce
in living jack pine trees as evidenced by attacks on trees in shelterbelts in southern Alberta, in an
arboretum in Idaho, and in central Alberta, but unfortunately no measures of productivity were
reported (Furniss and Schenk 969; Hiratsuka et al. 1982; Cullingham et al. 201 I).

Beetle productivity may vary among host environments and affect MPB's potential growth rate

and outbreak potential; however, to date studies have not found a consistent difference in brood
production among host species, including in lodgepole and jack pine. MPB can successfully reproduce
in a wide variety of hosts that vary greatly in their chemistry and quality. Evidence to date indicates
that it is reasonable to expect that MPB's productivity in jack pine will fall somewhere in, or very
near, the range of that observed in the different pine hosts that occur in the beetle’s historic range.

UNCERTAINTY

I. Low uncertainty that the relationship between phloem thickness and MPB productivity will
apply to jack pine as it applies for multiple host species in the historic range.

2. High uncertainty regarding the amount of phloem resources in the boreal forest available for MPB.

Moderate uncertainty regarding the effect of host species on the nutritive value of phloem
and whether any potential differences will scale up and impact MPB population dynamics at
the stand or landscape level.

RESEARCH NEEDS
I. Quantification of host variation, including jack pine phloem resources, in the boreal forest.

2. Empirical field data on MPB reproduction in jack pine trees in relation to phloem, tree, and
stand characteristics.
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5. THE NATURAL SPREAD RATE OF MPB WILLVARY AND DEPEND ON BEETLE
POPULATION SIZE. MPB CAN SPREAD LONG DISTANCES (e.g., 100-300 km) WHEN
POPULATION LEVELS ARE EXTREMELY HIGH. (K. Bleiker)

EVIDENCE

Adult beetles emerge from the natal host and disperse in search of new trees in the summer.
Temperature determines the timing of emergence and flight, but usually the main flight period
starts the second or third week of July in central Alberta and lasts several weeks (Bleiker and Van
Hezewijk 2016).Ideal conditions for flight include warm temperatures and winds that do not exceed
MPB's maximum flight speed (Safranyik and Carroll 2006). Female beetles emerge slightly ahead
of males and the largest females tend to emerge first (Safranyik and Carroll 2006). Based on flight
mill experiments, individual capacity and propensity to fly vary significantly with fit beetles flying
an average of 6 km and the longest flight being 24 km (Evenden et al. 2014). Flight velocity on the
mill is approximately one-third the speed of that estimated by a field study suggesting that flight
may be impaired on mills, so mills likely provide a conservative reference point. The direction of
flight is downwind until an attractive odour plume is encountered (Safranyik et al. 1992).

MPB dispersal is characterized as either: (i) short-range, in which beetles fly under the canopy; or
(ii) long-range, in which beetles fly above the canopy and potentially travel long distances assisted
by upper atmospheric winds (Jackson et al. 2008). The process of dispersal is not well understood.
The proportion of the population engaging in long-distance dispersal is thought to be positively

correlated with beetle population density and negatively correlated with host availability, but this
has not been tested. Other factors, e.g., weather; stand, and site characteristics, may also affect flight
behaviour and capacity. Only one study to date has attempted to empirically quantify the proportion
of beetles that disperse above the canopy under field conditions, and the result was 2.5% (Safranyik
et al. 1992).This study released beetles in a stand with many available host trees and a low beetle

population, so it likely represents the minimum percentage of a population that has the potential
to disperse over long distances.

The spread of MPB depends not just on beetles dispersing from a site but also on their ability to
establish upon arriving at a new location. Endemic beetle populations are restricted to colonizing
moribund or weakened trees because there are inadequate numbers of beetles to mass attack
and overcome the defences of healthy trees. Beetles presumably search under the canopy until
they locate a suitable weakened host, altthough a small proportion (2.5%) may disperse longer
distances above the canopy (Safranyik et al. 1992).The probability of a small number of beetles
dispersing long distances and establishing at a new site is presumably low. Thus, for endemic
populations, dispersal is most likely to occur within and between adjacent stands and to be largely
driven by the spatial distribution of extremely weakened host trees (Logan et al. 1998).

As populations increase to incipient levels, beetle densities become sufficient to coordinate the
successful mass attack of large diameter defended trees, altthough senescing or stressed trees may
be the initial target or focus. An incipient population is characterized by small numbers of mass
attacked trees occurring in discrete patches, or “spot” infestations, in susceptible stands. One of
the trees in the spot may be a "“focus tree”, a highly susceptible tree that is attacked first, while
adjacent attacked trees may be “spillover attacks” and only attacked because they are next to the
focus tree. This "“switching” behavior at close range may be due to spatial-temporal differences
between the aggregation and anti-aggregation pheromones (Geiszler and Gara 1978).

At incipient population levels, new mass-attacks may occur proximate to old attacks resufting in the
growth of a spot infestation; however, a large number of beetles apparently disperse and initiate
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new spots in the same stand some distance from the old attacks or in nearby stands despite the
presence of closer suitable hosts (Safranyik et al. 1992; Borden 1993; Robertson et al. 2007; Carroll
et al. 2017). Even though beetles will attack cut logs in the laboratory without flight exercise, some
beetles, potentially the most physiologically fit beetles, are more likely to attack a host after flight
exercise (Shepherd 1966; Borden et al. 1987). A propensity for flight exercise before orienting to
a host could reduce or delay intraspecific competition in a population and also help beetles escape
natural enemies. New spot infestations are often 30-50 m from the original spot, but distances of
several hundred metres to several kilometres are also common (Safranyik et al. 1992; Borden 1993;
Robertson et al. 2007). An analysis of isolated infestations in Alberta supports this range in dispersal
distances for spot infestations: most new infestations were within 2 km of an infestation recorded
the previous year, but almost 20% of new infestations were more than 4 km from a potential parent
infestation (Carroll et al. 2017). A small proportion of incipient populations may still engage in
long-distance dispersal above the canopy, but beetles may not establish at a new site if the
population density is insufficient to successfully colonize available hosts. Collectively, these studies
indicate that at incipient population levels, spread and successful establishment via natural dispersal
will commonly occur within and between stands that may be several kilometres apart, although
longer distances cannot be ruled out, especially as populations build.

At high population densities, even very vigorous trees are susceptible to attack. As populations
increase and host trees are depleted, the proliferation of new spot infestations that dominated
at the incipient stage gives way to the growth of individual spots as the beetle more thoroughly
infests existing spots (Robertson et al. 2007). Infested areas eventually coalesce and populations
collapse at a site due to intraspecific competition and host depletion (Aukema et al. 2008; Goodsman
et al. 2018).To date, all records of long-distance dispersal events have been associated with extensive
outbreaks, and thus host tree depletion. Large populations supply the source of migrants and
dispersal occurs above the canopy where it is aided by wind. Dispersing beetles may purposely
fly above the canopy, or be inadvertently lifted by convective air currents (Furniss and Furniss 1972).
Regardless of whether the proportion of a population dispersing long distances increases with density,
even a small proportion (e.g, 2.5%) of a massive population may be an adequate density to establish
at a new site.

Factors leading to the termination of long-distance dispersal events are largely unknown. Beetles
could drop out of the atmosphere in response to inadequate resources to support loft (e.g, fold
their wings), a cue signalling available host material, or contact with cool air. Beetles could also be
forcibly expelled from the atmosphere by storm cells and downdrafts. Factors leading to the arrest
of long-distance dispersal will affect distance travelled and the number of beetles arriving at a
site. This has important implications for the fate of “satellite populations” and whether or not
they successfully locate and colonize hosts and reproduce at a new site. Incipient and outbreak
populations can be detected at new sites based on the examination of dead trees which become
apparent from the air one year after attack; however, very low, or endemic, populations that are
below tree-killing densities are challenging to detect.

Wind will determine the direction of travel and the distance travelled. In 2005, during the peak
of the epidemic in central British Columbia, beetles travelled 30—1 10 km per day in flight above
the canopy (Jackson et al. 2008). Within the same time period, atmospheric dispersion models
estimated potential dispersal distances of 40 km (Ainslie and Jackson 201 1). Multiple long-distance
dispersal events happened in the 2000s and 2010s between British Columbia and Alberta as well
as within Alberta (M. Undershultz, pers. com.). There are records of long-distance dispersal events
during past outbreaks as well. The 1970s—1980s outbreak in British Columbia and Montana led
to the infestation of the Cypress Hills area on the southern Alberta-Saskatchewan border and
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records of attacks on pine trees in shelterbelts in the non-forested grasslands region of southern
Alberta indicate dispersal distances of 200-300 km (Cerezke 1989; Hiratsuka et al. 1981). A number
of bark beetle species, including MPB, have been recovered from snowfields some distance from
the nearest host tree or infestation, demonstrating that beetles can be vertically displaced by over
1,200 m (Furniss and Furniss 1972). Similarly, MPB was observed at 1,500 m above sea level, or
900 m above ground level, in central British Columbia during the recent epidemic (K White cited
in Jackson et al. 2008). These records also demonstrate MPB's ability to disperse over non-host
landscapes.

The potential for wind-assisted long-distance dispersal of MPB dates back at least to the early
1940s in Canada. Two Dominion employees, G.R. Hopping, Entomologist-in-Charge, Vernon, and
H.L. Holman, District Forestry Officer; Calgary, exchanged letters politely arguing over the plausibility
of Holman’s idea that the rather spontaneous eruption of MPB in Banff National Park was due
to beetles from British Columbia dispersing over mountain passes versus an increase in endemic
populations. Holman writes “I doubt if anyone would agree with me that insects could be carried
that far [by wind] ... but the dispersion of timber species and plants in this region proves that their
seeds have been blown long distances in an easterly direction and the adult beetle is not as large
as some of these” (Holman H.L.in a letter dated 22 January 1942 to the Department of Mines and
Resources, Ottawa). Hopping initially resisted the idea, but he suggested several ways for Holman
to test his theory, including dragging nets from airplanes, flying tanglefoot-covered kites on 300-m
cords, and placing tanglefoot traps on fire towers and tree tops in mountain passes.

The risk of MPB arriving and establishing in a new stand is a function of the distance to a source
population and the size of the source population. Spread and successful establishment in a new
habitat by endemic populations will likely be limited due to the low numbers of beetles involved.
Incipient populations can be expected to spread at a rate of tens of metres to several hundred
metres per year, to several kilometres per year. Long-distance dispersal events with successful
establishment in a new habitat likely require large source populations and conditions, particularly
wind, that favour long-distance movement.When these conditions are present, successful establishment
of populations 100-300 km from the source population can be expected. Spread will occur in the
direction(s) of the wind during the dispersal period (eastward spread in Alberta) and can occur
over unsuitable intervening habitat, such as prairie grassland.

UNCERTAINTY

I, High uncertainty regarding processes involved in dispersal, particularly long-distance
dispersal, at all population levels.

RESEARCH NEEDS

I. Quantification of factors affecting dispersal, particularly how beetle population density, host
availability, and environmental factors may affect beetle behavior and the proportion of the
population dispersing long distances.

RISK ASSESSMENT OF THE THREAT OF MOUNTAIN PINE BEETLE TO CANADA’S BOREAL AND EASTERN PINE FORESTS



6.IN THE ABSENCE OF MANAGEMENT, MPBWILL CONTINUE TO EXPAND ITS RANGE
EASTWARD IN CANADA’S BOREAL FOREST BY THE NATURAL PROCESS OF A
DISPERSAL. OUTBREAK POPULATIONS IN WESTERN ALBERTA COULD FUEL FARTHER
EASTWARD SPREAD IN THE NEAR FUTURE (2-8 YEARS). (K. Bleiker)

EVIDENCE

Given the nature of MPB dispersal discussed previously (Statement 5), spread east is likely to continue,
although the rate of spread is unknown and there is the potential for management efforts to
dramatically slow the spread. Since the notable invasion event in 2006, MPB spread through western
and central Alberta has been faster than originally anticipated (Nealis and Peter 2008). The main
factors contributing to the faster than anticipated rate of spread are (i) several long-distance dispersal
events that occurred after 2006, most notably in 2009 and 2012 (M. Undershultz, pers. com.);
(i) more susceptible pine in central Alberta than initially assessed (Statement |, Figure 3); and
(iii) favourable weather for survival promoting source populations for migrants.

Eastward spread in Alberta has slowed in the last 6 years compared to the 2006201 | time period.
Slower eastward spread is likely due to several factors. Firstly, pine volumes are lower in eastern
Alberta compared to western Alberta and spread rate is expected to be positively correlated with
pine volume (Statement I). Based on pine volumes estimated from provincial inventory data
presented in this risk assessment (Figure 3c), spread rate could actually increase through western
Saskatchewan should the beetle cross the border, or at least be comparable to that observed in
east-central Alberta. Once MPB is established in an area, the impact of stand characteristics on
MPB population levels and its persistence (Statement 1) is worth highlighting. MPB has slowly, but
persistently, spread east and south of Lesser Slave Lake since 2012 despite aggressive control efforts
in this region and the lack of apparent recent long-distance dispersal events; the resolution of the
spatial data is somewhat limited, but these areas both contain relatively high volumes of pine
(Figures 1, 3c).

Another factor contributing to slower eastward spread is Alberta’s aggressive control program
which targets spot infestations in eastern Alberta (Statement 8). Spot infestations can spread up to
several kilometres a vear if left untreated (Statement 5). Some larger populations in west-central
Alberta that could be a source of long-distance migrants are also controlled. As distance to large
source populations grows, the probability of long-distance dispersal contributing to eastward spread
declines. Currently, the leading edge in eastern Alberta is >300 km from the extremely large source
populations in Jasper in western Alberta. Based on these factors, eastward spread rates should remain
static or continue to decline in the future; however, there is new evidence that large populations
in western Alberta threaten to fuel eastward spread in the near future.

Large populations in western Alberta may affect eastward spread rates in two ways. First,and most
certain, is control efforts will be reduced in eastern Alberta as provincial resources are reallocated
to higher priority areas in the foothills and along the eastern slopes of the Rocky Mountains. This
may allow some infestations near the eastern edge to potentially establish, proliferate, and spread.
Beetles are dispersing out of Jasper along two west-east corridors: the Athabasca River valley
(Highway 16), which is contributing to population increases around Hinton; and, as of 2018, east
along the Saskatchewan River (Highway | I). Minimizing north-south spread of MPB along the eastern
slopes of the Rocky Mountains to minimize impacts on key watersheds is a higher priority for the
province of Alberta than slowing eastward spread, which will trigger a reallocation of provincial
resources in 2018/2019 (E. Samis, pers. com.).

Second, and much less certain, is how the large source populations in Jasper and Hinton may lead
to populations building up in susceptible pine on the edge of the Lower Foothills south of Lesser
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Slave Lake and then dispersing long distances into eastern Alberta and western Saskatchewan.
There is a corridor of susceptible pine that runs northeast from Hinton to south of Lesser Slave
Lake (Figure 3c). Historically, the climatic suitability of the Upper Foothills Region (and Jasper) has
been low for MPB, but a few successive years of favourable weather could see populations rapidly
spread along this corridor to the Lower Foothills. Alternatively, MPB could disperse long distances
from source populations in western Alberta to the eastern edge of the foothills, as evidenced by
reports of new infestations around Whitecourt and Swan Hills in early August 2018 following a
storm event (E. Samis, pers. com.). MPB has been actively managed by the province in much of
this area, but large numbers of migrants in combination with favourable weather could allow for
populations to dramatically increase in the region. A build up of populations in this region would
position source populations within 300 km of the Saskatchewan border. Reports dating back to
the 1940s indicate that MPB can disperse 100-300 km across a variety of landscapes during large
outbreaks. Thus, MPB could disperse long distances from south of Lesser Slave Lake directly into
Saskatchewan if large source populations are allowed to build in this region.

Considering how rapidly and unexpectedly MPB spread across Alberta in only 12 vears, it is
reasonable to assume that in the absence of control it will continue to spread east. Other than
stating that spread will be faster during outbreaks which occur periodically in stands over time, it
is difficult to predict a rate of spread. The uncertainty around spread highlights (i) the need for a
better understanding of long-distance dispersal; (i) the importance of annual surveys and annual
review of control decisions; (i) the need for a better understanding of MPB population dynamics
in jack pine forests; and (iv) the extremely volatile nature of the situation.

UNCERTAINTY

I, Low uncertainty that MPB will continue to spread east in the absence of management but high
uncertainty regarding the rate and extent of spread.

2. High uncertainty regarding MPB population dynamics in jack pine forests and the potential for
spread, including long distance dispersal and establishment in a new area.

3. High uncertainty regarding how large populations in western Alberta may push eastward spread
in the near future (2-8 years).

Research Needs

I. Quantification of stand- and landscape-level factors on MPB population dynamics, spread, and
dispersal. This includes (i) the effects of climate, the distribution and abundance of susceptible
stands, and other factors affecting spread and dispersal in the boreal forest; and (ii) beetle density
thresholds associated with transitions in population phases and quantification of factors affecting
these thresholds.

2. Analysis of susceptible pine in the Lower Foothills Region, particularly the area south of Lesser
Slave Lake.

7. FARTHER NORTHWARD EXPANSION OF MPB’S RANGE WILL BE LIMITED IN THE
NEAR FUTURE DUE TO LOW CLIMATIC SUITABILITY. (K. Bleiker)

Historically, climate has limited MPB's distribution to south of approximately 56° N in British Columbia
until the recent epidemic when MPB expanded its range northward by approximately 3° of latitude
(Safranyik et al. 2010). Spot infestations have been mapped close to the Yukon border in British
Columbia on both sides of the Continental Divide: in the northern Rocky Mountain trench and
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in the Liard Basin in northeastern British Columbia (Figure I). MPB was confirmed north of 60°
in 2012 in baited trees in the Northwest Territories near the British Columbia-Alberta border

(K. Bleiker, pers. obs.). A check of attacked trees in March 2013 found live larvae but only below
the snowpack; this was also true for trees in spot infestations that were assessed in the northern
Rocky Mountain Trench in British Columbia in June 2012 (K. Bleiker, pers. obs.). A wildfire burned

through the area where MPB was detected in the Northwest Territories in the summer of 201 3.

There have been no reports of MPB north of 60° since 2013.

Yukon and the Northwest Territories both completed their own Risk Assessments for MPB
(Hodge 2012,2014).The current risk in both territories is considered low due to poor climatic
suitability and the low likelihood of long-distance dispersal into the Territories in the immediate
future because the large populations have subsided in adjacent British Columbia. Under a number
of projected climate change scenarios, the suitability of southeast Yukon and the southwest Northwest
Territories becomes quite favourable for MPB by the middle of this century. The climatic suitability
of that region is predicted to be moderate around 2050, which is significant as MPB spot infestations
have persisted in areas rated as low climatic suitability in the northern Rocky Mountain trench
for a number of years.

Significant spread in a northerly direction is likely to be limited in the near future by an unsuitable
winter climate, specifically extreme winter minimum temperatures. However; in just a few decades
the estimated impact of climate change will make southeast Yukon and the southwest Northwest
Territories favourable for MPB and the region will be at risk of invasion if there are MPB outbreaks
in adjacent northern British Columbia or Alberta to provide a source of migrants.

UNCERTAINTY

I. Moderate uncertainty regarding the rate of warming in the north, which will determine the
climatic suitability for MPB.

2. Moderate uncertainty regarding the distribution and abundance of susceptible pine stands in
Yukon and the Northwest Territories.

RESEARCH NEEDS

I. Composite analysis of pine volume and climatic suitability of the north under the most recent
and widely accepted climate change scenario(s) when an updated climatic suitability index is
available (Statement 2).

8. SUSTAINED APPLICATION OF THE CURRENT AGGRESSIVE MANAGEMENT
PRACTICES IN ALBERTA’S EASTERN LEADING-EDGE ZONE WILL SLOW EASTWARD
SPREAD. (K. Bleiker, C. Whitehouse)

EVIDENCE

Effective control of MPB depends on early detection of infestations and rapid application of
aggressive intensive control measures that are maintained annually until populations are suppressed
to the desired level and the factors leading to population growth are no longer operative (Carroll
et al. 2006, 2017; Six et al. 2014). If control activities are delayed for a year, favourable weather may
allow populations to quickly escalate beyond a controllable level. Management efforts can also be
facilitated by unfavourable weather, as the combined effects may be more likely to decrease populations
to endemic levels (Cooke and Carroll 2017).
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The effort required to suppress an infestation will depend on the annual population growth rate,
the proportion of infested trees (a.ka. green attack) controlled in the area, and the initial size of
the population (number of infested trees). A population with a high annual population growth rate
will require a higher percentage of the infested trees be treated to be effective compared to a
population with a lower growth rate (Figure 4). For example, populations with annual growth rates
of 3% and 5% will only start to decline if more than 67% and 80% of the infested trees that occur
on the landscape are controlled, respectively (Figure 4; Carroll et al. 2006). In terms of years, it
will take longer to suppress a large infestation than a small one with the same growth rate and
proportion of trees controlled. An extensive infestation could run out of host trees before control
could effectively suppress the outbreak. Theoretically, any population may be suppressed with
enough effort; however, it may not be operationally possible due to funding or logistical issues.

Are control efforts in Alberta effective at slowing eastern spread? The data available to address
this question are not perfect, so there are important caveats associated with every answer. One study
indicates that control efforts in the leading-edge management zone reduced the area colonized by
MPB to approximately 70% of that predicted under a “do nothing” scenario (i.e., ~30% reduction)
(Carroll et al. 2017).The same study estimated that detection and treatment rates at the landscape
level in eastern Alberta in the years examined were only 54—68% in the absence of immigration,
such that control would only be effective for populations with annual growth rates under
three-fold. However; it should be recognized that available funding strongly affects these numbers.
For example, control efficacy could be increased by conducting more intensive ground surveys,
which have a 98.5% detection rate for green attack, and by controlling a higher proportion of
infested trees (see Statement 9).

Large populations that cover extensive areas and have a high annual growth rate are not feasible
to control; however, control of smaller spot infestations in eastern Alberta created by long-distance
dispersers is feasible if the rules of early detection and aggressive and sustained control are followed.
Moderate infestations in central Alberta, which may be source populations for migrants dispersing
east, may be feasible to control depending on their size, growth rate, and the resources available.
The challenge is identifying “winnable” and “unwinnable” battles and when “winnable” battles become
“unwinnable,” or vice versa, given the dynamic and stochastic nature of the system. Surveys and
review of control decisions are required annually to ensure resources are strategically and effectively
allocated. The Strategic Approach to Slow the Spread of MPB Across Canada is a comprehensive
containment strategy developed under Canada's National Forest Pest Strategy and it identifies
eastern Alberta, where populations are small and annual growth rates usually low, as the best place
to focus control efforts to minimize eastward spread (Hodge et al. 2017).

The province of Alberta annually surveys for MPB infestations. To date, survey points with three
or more attacked trees in the leading-edge management zone (Figure 5) are fed into the province's
Decision Support System and prioritized for treatment because resources are not available to
extensively survey and control all sites. Within the leading-edge management zone is an area that
falls under the Spread Management Action Collaborative (SMAC). SMAC is an inter-provincial
Memorandum of Agreement signed in 2012 between Alberta and Saskatchewan. The agreement
formalizes a joint strategy that combines resources from both provinces to conduct control where
there is the highest risk of MPB entering Saskatchewan, which currently is the region east of Lesser
Slave Lake in the Lac La Biche Forest Area. Areas for action are prioritized based on annual survey
results and discussion among SMAC members. In the SMAC area, sites with one or two trees
may be actioned if resources are available.

In 2017, the province of Alberta moved the border of its eastern leading-edge zone from just west
of Fort McMurray to the Saskatchewan border, which includes the region where endemic MPB
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populations may be established and vigilant monitoring is required (Figure ). Low numbers of
beetles have been detected in trees baited with MPB aggregation pheromone near the eastern
border of Alberta (e.g., within the Cold Lakes Weapons Range in 2017), well in advance of the
nearest spot infestations identified in aerial surveys (Figure 5). Saskatchewan established a similar
network of baited trees sites along its western border, but MPB has not been detected in
Saskatchewan as of 2018.

Currently, it is unknown whether the beetles detected in eastern Alberta near the Saskatchewan
border are: (i) dispersing long distances into the region each year from infestations in central Alberta
(e.g, migrants from infestations south or east of Lesser Slave Lake), which are over 100 km away;
(ii) dispersing even longer distances from very large source populations in western Alberta (i.e.,
migrants from Hinton or Jasper over 300 km away); (iii) established resident populations that
dispersed into the area in the past during one of the big immigration years; or (iv) some combination
of i—iii. Ongoing research suggests that "“...the paucity of susceptible host material and altered
competitive interactions may be a biological barrier to [MPB] persistence and spread in the boreal
forest” (Pokorny and Carroll 2018, unpub. data). The study was conducted at a handful of sites in
eastern Alberta, so spatial inference is limited, but it highlights the need to understand the dynamics
of different population levels in novel habitats. Interestingly, MPB has been detected at some baited
tree sites in eastern Alberta multiple times, even though it is akin to “looking for a needle in a
haystack” Once beetles are detected at sites for a few consecutive years, sites are moved one
township east to delimit the farthest eastern edge of infestation (k. McKee, pers. com.). Determining
whether low density MPB populations have established in eastern Alberta is important because
endemic populations could erupt under favourable conditions. This region should be monitored
in any initiative to slow eastward spread to ensure that MPB infestations do not arise in an area
to the east of where survey and control activities are conducted.

One lesson from MPB's historic range is that as long as there are susceptible stands of pine and
MPB is endemic, outbreaks will occur The use of control to slow or limit eastward spread of MPB
in Canada is unique though because MPB is not endemic in eastern Canada: it is a novel environment
for MPB with much uncertainty around beetle-host-climate interactions. Regardless, the following
rules for successful suppression of infestations in the historic range are expected to apply to
slowing eastward spread into new habitats: (i) practice vigilant monitoring and detection so that
infestations are controlled at the first sign of increase (or occurrence in a new area); (2) apply
sustained control efforts until the cause(s) of the outbreak is no longer operative; and (3) treat
a high proportion of infested trees with the ideal objective being 100% treatment over the entire
area (Carroll et al. 2006).The only long-term control for MPB is indirect control: preventative
management that increases the resiliency of forests and reduces stand susceptibility to MPB by
altering stem density, age classes and species composition across the landscape (Fettig et al.
2014; Gillette et al. 2014; Fettig and Hilszczanski 2015).

UNCERTAINTY

I. Low uncertainty that control can be effective at suppressing small spot infestations that are
detected early and treated aggressively under a sustained management plan.

2. Low uncertainty that control efficacy could be increased with a higher rate of green attack
detection (e.g, increased ground surveys) and controlling of a greater proportion of green
attack.

3. Moderate uncertainty regarding the size of MPB populations and annual growth rates where
control can be effective in jack pine forests.
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4. High uncertainty regarding whether beetles caught in baited trees in Alberta near the

Saskatchewan border (e.g, Cold Lake Air Weapons Range) are part of an established (resident)
population or whether they disperse long distances into the region annually. High uncertainty
regarding their potential to persist and eventually erupt and spread.

High uncertainty regarding the ability to implement response action, if required, inside the Cold
Lake Air Weapons Range in Saskatchewan.

RESEARCH NEEDS

Determination of the impact of large populations in western Alberta and smaller spot infestations
in central Alberta on eastward spread (see Statement 5).

Quantification of control efficacy in jack pine stands, including determining beetle and attacked
tree density thresholds where control can be effective.

Quantification of the extent and the potential persistence (residency) and threat posed by low
density MPB populations detected in baited trees in eastern Alberta near the Saskatchewan
border.

Development of new tools to increase detection rates for green attack and new options for
control and/or ways to increase the feasibility of control (see Statement 9).
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Figure 4. Relationship between MPB's annual population growth
rate (R) and the proportion of the population (P) that must be
treated for control to suppress population growth. The curve
(P=1-1/R) represents a static population. Suppression is possible
above the curve but is not possible below the curve. Adapted
and redrawn from Carroll et al. 2006.
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Figure 5. MPB observations and Alberta’s management zones in 2017. Attacked trees identified during aerial surveys
that were conducted in some regions in 2017 are shown in brown. Infestations in Alberta’s leading-edge management
zone are prioritized for potential control action. Infestations in the province’s inactive management zone are not
controlled for a variety of reasons. In northwestern Alberta aerial surveys and control actions are not conducted
because infestations have largely subsided in this region. Aerial surveys and control are not conducted in the western
part of the smaller inactive management zone polygon adjacent to the British Columbia border (Kakwa-Willmore

Wilderness Area) because beetle survival is generally low in this high elevation region. Aerial surveys are conducted

in the eastern portion of this area (east of Jasper; around Hinton) to map MPB, but infestations are not controlled
because populations are too large for treatment to be effective. Triangles are sites where the provinces of Alberta
or Saskatchewan detected MPB in trees baited with the aggregation pheromone of MPB. See text for more detail.

9.THERE ARE FEW TOOLS TO DETECT AND CONTROL MPB AND THEIR EFFICACY IS
LIMITED. (K. Bleiker, B. Cooke)

EVIDENCE

Measures to manipulate and reduce MPB populations require the timely detection and treatment
of infested trees (green attack) (Fettig and Hilszczahski 2015). Control activities can reduce the
severity and spread of infestations (e.g., Trzcinski and Reid 2008; Wulder et al. 2009b). The main
options to control MPB infestations are cultural and mechanical treatments that kil insects by

destroying the bark. Aggregation pheromones can be used to concentrate or hold beetles in a
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stand prior to applying a cultural or mechanical treatment: this tactic has been used successfully
in an area within the Cypress Hills Provincial Park in Saskatchewan (R. McIntosh, pers. com.). The
use of anti-aggregation pheromones or inhibitors to manage MPB has had mixed success to date,
especially when beetle population levels are high (Gillette et al. 2014; Fettig and Hilszczanski 2015).
New research on using acoustics to manipulate beetle behaviour may generate a new tool in
the future. Chemical insecticides for MPB are no longer widely used in Canada, especially at the
stand or landscape level, and there are no effective large-scale biological control options (Carroll
et al. 2006). Prescribed fire, or letting wildfires burn, is a potential tactic for remote locations where
a high fire intensity can be achieved,; however; it is not appropriate in most situations, including large
infestations (Carroll et al. 2006).

Treatments that destroy the bark are very effective at killing MPB. This can be achieved during milling
if it is feasible to harvest and process infested trees before the beetles emerge. A number of methods
can be used to destroy insects on site in the field, including solar radiation, bark peeling devices,
and chipping whole trees, but by far the most widely used and efficacious method is falling, piling
and burning infested trees (a.k.a. fall and burn) (Carroll et al. 2006; Fettig and Hilszczanski 2015).
Although fall and burn is very effective at killing insects, a big challenge lies in early detection of
green attack so that control activities can be conducted before beetles complete development,
emerge and disperse to new host trees. In the typical one-year life cycle, MPB flight and the
colonization of new hosts occur in July and August, but the foliage does not usually fade until the
following spring or summer (Bleiker and Van Hezewijk 2016). Fall and burn activities need to be
executed over the winter and early spring when brood are under the bark and piles of infested
wood can be burned safely. Thus, infested trees are usually not visible from the air in the
timeframe needed for control work.

Green attack can be reliably detected during ground surveys when a person in the field inspects
the trunk of each tree for pitch tubes, which are indicative of attack. The exception may be "blind
attacks” where trees fail to produce pitch tubes and the only sign of attack is boring dust on the
trunk, which is more difficult to see. The labour-intensive ground surveys require a starting point,
which comes from helicopter surveys that are conducted in Alberta in areas that have been
prioritized for management. Aerial surveys are used to geolocate red attack, which are trees with
red crowns that were attacked the previous year and no longer contain insects. Ground surveys
to locate green attack are then conducted in the location of the red attack as a starting point.
Operational procedures for the ground surveys are prioritized based on available resources and
the density and distribution of beetles in a given stand. The trunk of every tree in a 50-m radius
plot centred on the red attack tree(s) is assessed for signs of attack (e.g, pitch tubes, boring dust,
or galleries under the bark). Additional plots are surveyed adjacent to the original plot depending
on the distribution and density of green attack in the original plot and available resources. The efficacy
of green attack detection in ground survey plots is extremely high at 98.5%; however, on a larger
scale, detection efficacy is much lower because of the difficulty in finding green attack that is not
closely associated with red attack (C.Whitehouse, pers. com; also see Statement 5).

A large-scale analysis of aerial survey data for lodgepole pine in Alberta found that approximately
two-thirds of green attack are likely to occur near red attack (Carroll et al. 2017).This provides a
rough estimate for the total efficacy of combined helicopter and ground surveys and is important
in terms of the efficacy of control and whether an infestation can be suppressed (Statement 8;
Figure 4). An analysis of the same detection method used by Saskatchewan to control MPB in
Cypress Hills Provincial Park found that the method was efficient. However, the study found that
efficacy could be improved, especially over a large spatial area, by using an approach such as a
machine learning classification tree to identify areas to conduct additional ground surveys to look
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for green attack that are not associated with red attack (Kunegel-Lion et al. 2019).The same
conclusion was reached by Strohm et al. (2016) in an analysis of MPB control in Banff National
Park. Basically, at a certain spatial scale, it is more beneficial to detect a lower percentage of green
attack over a larger area than to detect almost 100% of the infested trees in a smaller area. This is
largely due to the nature of MPB dispersal and that populations below a certain threshold density
are unable to kill trees and do not require control (Statements 2, 5). The detection rate for green
attack at the landscape scale in jack pine is unknown and may differ from that in lodgepole pine
forests due to potential differences in beetle attack density, drought or site conditions that may
affect the rate of foliage fade, and the visibility of red attack in mixed species stands. It is also
unknown whether “blind attacks” are more common in jack pine.

While combined aerial and ground surveys can detect green attack, they are either not feasible or
fail to detect MPB in areas where populations are extremely low and beetles are restricted to
colonizing moribund or downed trees. In these areas, baits releasing synthetic aggregation pheromones
can be used to detect MPB. Baits are stapled to trees prior to the beetle’s flight and checked for
pitch tubes in the fall and the presence, or absence, of MPB recorded. The provinces of Alberta
and Saskatchewan use baited trees along their border in an effort to delimit the current eastern
edge of MPB in Canada. MPB has not been detected in the Saskatchewan boreal forest since the
province started a monitoring program in 2012 in stands with a high susceptibility rating; however,
MPB has been recorded in baited trees at sites very close to the border in Alberta in a number of
years (e.g, 2017 shown in Figure 5).In an effort to delimit the eastern edge of occurrence, baited
tree sites are moved farther east once beetles have been detected at a site for a number of
consecutive years (F. McKee, pers. com.). The ability to accurately detect and delimit the eastern
edge of MPB's range in Canada depends on how effective the bait is and the network and density
of baited trees on the landscape. Studies are underway to develop protocols for monitoring the
presence of MPB using baited tree sites and to use baits to determine beetle population density
(N. Erbilgin, unpub. data; Klutsch et al. 2017).

There has been little advancement in tools available for MPB detection and control at an operational
level. Direct control options to suppress populations remain limited, with fall and burn being the
most widely used and effective tool in Canada. Timely detection of green attack remains a challenge,
yet it is key to an effective control program.To date, remote sensing technology cannot meet the
information needs and operational constraints for the timely detection and control of MPB (Wulder
et al. 2009a). Advancements in drone technology may improve detection at the stand level. There
is the possibility to increase detection efficacy using environmental variables through the use of
machine learning or models, depending on the values, management objectives, and cost (Kunegel-
Lion et al. 2019). An increase in green attack detection efficacy at a large spatial scale would
greatly increase control efficacy: it would be a game-changer in terms of the size and growth rate
of infestations that could be suppressed and the number of years during which control actions
would need to be applied to achieve suppression.

UNCERTAINTY

I, Low uncertainty that tools are limited for the detection and control of MPB at an operational
level.

2. Low uncertainty that the fall and burn control treatment is efficient and effective at killing insects.

Low uncertainty that green attack detection efficacy is extremely high in ground plots and this
should apply to most pine species (atthough moderate uncertainty if “blind attacks” on jack pine
are more common and will affect detection efficacy of ground surveys).
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4. Moderate uncertainty regarding green attack detection efficacy at the stand and landscape level,
especially in forests with jack and eastern pine species.

5. Moderate uncertainty regarding the efficacy and attractive radius of pheromone baits in jack
pine and eastern pine forests and at different beetle population densities.

RESEARCH NEEDS

|. Technology or methods that increase detection efficacy for green attack, especially at a large
spatial scale. An advancement at the stand level that is more economical and extensive than
ground surveys could also improve control efficacy.

2. New cost-effective tools for direct control of MPB.

3. Improved estimates of current detection and control efficacy, particularly in jack pine.

10.MPB COULD SPREAD TO EASTERN PINE FORESTS THROUGH THE TRANSPORT OF
INFESTED WOOD BY HUMANS. (K. Bleiker)

EVIDENCE

In addition to potentially spreading east through the natural process of beetle dispersal (Statement 6),
MPB could be introduced to eastern Canada through the transport of infested wood by humans.
This could occur either in untreated shipments of commercial logs, in firewood, or in wood debris
imported into oil development areas that have intact bark coming from infested areas in western
Canada (including the Cypress Hills) and the United States. The human-assisted movement pathway
has not been considered in previous risk assessments because it was considered to have a low
probability of occurrence due to the putatively low volume of wood moved long distances. However,
we consider it in this update because of the examples reported below, in addition to the fact that
the consequences could be very high as it could result in very rapid spread of MPB to eastern
regions which are ill-prepared to deal with its sudden arrival.

Bark beetles are good candidates to spread through the movement of infested wood because
insects are protected under the bark during transport. Establishment of MPB at a new location
depends on the presence of suitable hosts and climate, both of which exist in eastern Canada
(Statements [, 2), as well as the number of insects introduced. Given that one mass-attacked tree
can produce enough beetles to successfully attack several trees, one truckload of infested logs
poses a significant threat for the introduction and establishment of MPB in a new habitat.

The following examples demonstrate that, from a biological perspective, it is plausible that MPB
could spread via the movement of infested wood.

® In 1999, alog home builder in Whitecourt, Alberta received shipments of lodgepole pine that
were heavily infested with live MPB larvae (E. Samis, pers. com.); the logs and insects were
destroyed following identification.

® During the 2010s in Minnesota, a voluntary inspection of several mills found galleries and dead
MPB adults under the bark of imported pine logs; galleries were also found in lodgepole pine
logs imported by a furniture maker in the state (B. Aukema, pers. com.).

* Live Douglas-fir beetles (Dendroctonus pseudotsugae) were moved from infested areas in
Oregon to Minnesota where they were caught in funnel traps in 2001 up to 17 km from the
point of introduction (Dodds 2010). The Douglas-fir beetle likely did not establish in the east
because it is outside the range of its primary host, Douglas-fir (K. Dodds, pers. com.).
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® Red turpentine beetle (D. valens) was introduced to China likely in the 1980s through the
movement of infested pine from the western United States (Yan et al. 2005). Other bark beetles,
including spruce beetle (D. rufipennis), recently arrived in China in logs exported from western
North America. Preventative measures and extensive protocols are in place in China to prevent
introduction and establishment, including having receiving ports in areas with no potential hosts
within 100 km or more, intensive inspections upon arrival, and the application of treatments
in the receiving port.

® Human transport of infested wood facilitated range expansion of the great spruce beetle
(Dendroctonus micans) in Europe (Fielding et al. 1991).

® There are numerous examples of non-Dendroctonus bark beetles and wood borers being
moved in infested wood with the most palpable examples for Canada being emerald ash
borer (Agrilus planipennis), Asian long-horned beetle (Anoplophora glabripennis) and brown
spruce longhorn beetle (Tetropium fuscum).

In terms of MPB'’s biology, spread through the movement of infested wood is highly plausible.
Therefore, it is largely the volume of infested wood with bark moved to non-infested areas that
will affect the probability of MPB spreading via human transport. There is little information available
on the movement of pine logs with bark intact, and it will vary over time with market fluctuations.
Overall, log movement from infested to non-infested regions is likely low; however, specialty markets,
such as log home builders or furniture makers, represent a specific risk. The probability of MPB
movement in infested firewood is likely very low because major producers in British Columbia
heat treat firewood prior to export, although exceptions could occur, and provincial and territorial
campgrounds usually stock locally sourced firewood (Gagné et al. 2017). Firewood disposal bins
are located along some provincial borders and the transport of firewood over long distances from
infested to non-infested regions for personal use is likely limited due to transportation costs and
regulations enacted for other species.

Several provinces have policies to prevent the movement of MPB-infested wood in Canada.

® Saskatchewan, under the Forest Resources Management Act, restricts the importation,
transportation and storage of pine logs and pine forest products from infested areas, including
the Cypress Hills of Saskatchewan, British Columbia, Alberta and the United States.

® Manitoba, under the Forest Health Protection Act, restricts the importation of untreated pine
wood with intact bark from infested provinces or states in Canada, the United States, and Mexico.

® Ontario has no restrictions currently in place for MPB, but it is considered an invasive forest pest
and it will likely become regulated in the near future under the Ontario Invasive Species Act.
Ontario conducted a Risk Assessment and developed a Risk Response Plan for MPB. Some
relevant tools for MPB management (e.g, fall and burn control, bait trees for monitoring) are
also included in Ontario’s updated Forest Management Planning Manual.

There are no specific regulations for MPB in the other provinces and territories in Canada; however,
many have the ability to designate pests or invasive species and enact restrictions under various
legislative acts. Similar to Canada, there is no federal regulation of the movement of MPB-infested
wood in the United States and limits on wood movement are state-by-state. The states of Minnesota
and Wisconsin both have exterior quarantines for all untreated or uninspected pine logs with attached
bark coming from MPB-infested areas of Canada or the United States.

MPB's life cycle makes it easy to transport in infested wood. Although specific data on wood
movement are not available, it appears wood movement from infested provinces and states to
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non-infested provinces and territories in Canada is low due to market factors. Furthermore,
several provinces have restrictions on importing pine wood with intact bark to limit the risk of MPB
spread. Despite this, specialty users, such as log home builders and furniture makers, may
represent a specific risk.

UNCERTAINTY

|. Moderate uncertainty regarding the frequency and volume of pine wood with intact bark
moved from infested areas to non-infested regions, including by specialty users such as log
home builders.

RESEARCH NEEDS

I, Information on the movement of pine wood with bark intact in North America, especially
high-risk specialty users.

C uences gffpveéw(

['1. FIBRE LOSSES ASSOCIATED WITH MPB-CAUSED TREE MORTALITY WILL VARY

ACROSS THE LANDSCAPE AND WILL AFFECT THE MERCHANTABILITY OF SOME
STANDS IN THE BOREAL FOREST. SOME LOSSES MAY BE MITIGATED BY SALVAGE
HARVESTING, BUT A RAPID DECLINE INWOOD QUALITY FOLLOWING BEETLE
ATTACK WILL LIMIT THE POTENTIAL USES AND/OR VALUE. (K. Bleiker, K. Lewis)

EVIDENCE

Fibre losses associated with MPB will depend on the level of tree mortality, which in turn will be
determined by stand characteristics (primarily pine volume) and the severity of the infestation.
While MPB killed an estimated 54% of the merchantable pine in the province of British Columbia,
losses at the stand level varied widely. In the hardest-hit region of central British Columbia, many
stands fell in the highest mortality class of 7 —100%; pine mortality was lower in other regions,
but, overall, MPB caused a significant reduction in pine volume in the interior of British Columbia.

Total pine volume loss from MPB in Alberta is expected to be less than in British Columbia because
of lower pine volumes in Alberta and the characteristics and climate of boreal stands may not be
as conducive to large outbreaks (Statements |, 2). However, there are already notable cases where
MPB has killed 90% of the mature pine in some high-volume pine stands in western Alberta in the
Peace River and Grande Prairie regions (D. Letourneau, R Hermanutz, pers. com.). More typically
though, data from 3.6 million ha of affected area that was examined in north-west and west-
central Alberta show that as of 20152016 approximately 20% of the pine leading stands
(>50% pine) lost 30% or more of the basal area to MPB (B. Horne, unpub. data). Losses can be
expected to accrue annually in stands where MPB is still active and in new areas as it continues to
spread. In stands and areas where MPB has already run its course, populations are likely to persist
at low levels, below the tree-killing (and detection) threshold, until the next outbreak. In British
Columbia, outbreaks generally occur every 25 to 40 vears. Stands that experience moderate levels
of mortality (30%) from MPB in the early 2000s may be susceptible to another infestation in
several decades.
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Potential losses may be mitigated by an opportunity to salvage beetle-killed trees for an extended
period of time following death (sometimes referred to as “shelf life”"). Salvage logging continues in
some ecosystems in British Columbia more than 20 years after the end of the outbreak, but it is
only economic in stands that also have healthy higher value trees, where hauling costs to the mill
are low, and when the selling price of the product is high enough to offset losses due to waste.
The ultimate factor limiting salvage potential is how long trees remain standing, which is a function
of butt rot that develops at the base due to the passive absorption of moisture from the ground
(Lewis and Thompson 201 1). Carpenter ants can also cause trees to fall in addition to promoting
butt rot. Once a tree falls to the ground and absorbs moisture, decay sets in quickly. Site moisture
affects sap rot at the base, but it is not a good predictor of decay and degradation (Lewis and
Thompson 201 1).

In British Columbia, the sapwood of MPB-killed trees is fully blue-stained by six months post-mortality,
which seriously affects marketability of J-grade lumber. Two years after death, trees have
sufficient checks to affect production and marketability of larger dimension lumber. Trees continue
to develop checks over time due to seasonal wetting and drying cycles, atthough depending on
market conditions and operating costs, it may be possible to produce smaller dimension lumber
for several years post-mortality. For pulp and some other uses, the wood may be useful for
decades (Lewis and Thompson 201 I).The use of beetle-killed wood may come with additional
unforeseen challenges, including fire and mill safety issues associated with processing the very
dry wood.

In Alberta the rate of drying and checking is higher in trees in the mixed wood region than trees
in the Foothills Region in the first two years following death (Lewis and Hrinkevich 2013).The
generally dry nature of jack pine forests in the Prairie boreal forest will advance checking, especially
in stands with smaller diameter trees, and the aggressive nature of wood borers in the boreal
forest may reduce volume. In the long-term, wood fibre may persist over an extended period of
time if trees remain standing, potentially allowing a longer period for salvage logging for certain
uses (Lewis and Hrinkevich 201 3). In British Columbia, trees began to fall around 8 years following
death (Lewis and Thompson 201 ).

While there is the potential to salvage beetle-killed trees for a number of years, their value and
use will be reduced. The timber industry, infrastructure and landscape of the boreal forest are
also different from British Columbia. Limited road access in undeveloped parts of the boreal
forest may affect salvage opportunities, and the ability to use affected fibre will be determined
by economics.

UNCERTAINTY

I. High uncertainty regarding the level of mortality to expect in jack pine stands from MPB in
the boreal forest. This is due to the uncertainty associated with MPB productivity, population
dynamics, spread potential, tree resistance and stand susceptibility described in previous
statements.

2. High uncertainty regarding the impact of MPB on the merchantability of jack pine stands in the
boreal forest due to dynamic factors affecting merchantability (e.g, market prices) and the
uncertainty of MPB's impact.

3. Low uncertainty regarding how wood quality is likely to change over time following attack
but moderate uncertainty regarding wood quality changes for jack pine (and eastern pines),
particularly for small trees.
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RESEARCH NEEDS

|, Anticipated mortality (impact) from MPB at the stand level for different stand types and
ecosystems within the boreal forest.

2. Determination of the salvage window for jack pine, especially smaller diameter trees, in the
boreal ecosystem.

3. Analysis of the economics of jack pine salvage in the boreal forest.

2. FOREST MANAGEMENT PRACTICES IMPLEMENTED TO REDUCE OUTBREAK SPREAD
AND RECOVER ECONOMICVALUE FROM STANDING DEAD PINEWILL INFLUENCE
MID-TERM FIBRE SUPPLY AND OTHER FOREST VALUES,AND AFFECT THEVULNERABILITY
OF FORESTS TO FUTURE DISTURBANCES AND CLIMATE CHANGE. (E. Campbell)

EVIDENCE

History tells us that careful consideration of forest management responses to insect outbreaks
is needed to reduce the risk of exacerbating their socio-economic consequences. Management
responses to large-scale MPB outbreaks can affect mid-term timber supply, forest resilience to
future disturbances or climate change, and the continued flow of ecosystem services (Campbell
et al. 2009; Dhar et al. 201 6a). Both remedial (sanitation or salvage logging) and proactive actions
that are guided by landscape-level management policies are needed to enhance forest recovery
rates and mitigate vulnerability to outbreaks through the maintenance of complex forest structure
and dynamics across landscapes (Campbell et al. 2009; Fettig et al. 2014; Seid! et al. 2016).

Extensive MPB outbreaks, which are not feasible to control (Statement 8), may lead to large-scale
salvage logging operations to recover some economic value and mitigate losses (Statement | 1).
A number of factors should be considered before the decision to salvage beetle-killed wood is
made. Large-scale salvage logging operations can lead to the homogenization of forests and adversely
impact certain forest values and ecosystem services. Many stands that suffered high levels of pine
mortality in British Columbia contained substantial post-outbreak secondary structure: residual
canopy trees, and saplings and seedlings of commercially acceptable species, including surviving and
putatively resistant hosts (Astrup et al. 2008; Hawkins et al. 2012; Campbell and Antos 201 5;
Axelson et al. 2018). Left intact and not harvested, stands with an abundant and well-spaced
secondary structure offer an opportunity to retain certain forest values and ecosystem services
while contributing to the mid-term timber supply.

Forest thinning by MPB outbreaks enhances the growth of secondary structure, but rates of growth
increase will vary among stands depending on the level of beetle-induced pine mortality, site and
regional climate conditions, as well as the health of secondary structure (Campbell et al. 2007;
Hawkins et al. 2012; Amoroso et al. 201 3). In British Columbia, research indicates that 75-80%
of the beetle-affected stands in the managed forest land base that were not logged are likely to
recover merchantability 25-50 years post MPB outbreak (Astrup et al. 2008; Hawkins et al. 2012;
Amoroso et al. 201 3). Management decisions to leave some stands unsalvaged, or to selectively
log dead pine from mixed species stands, could shorten stand rotation ages substantially compared
to stands reforested after salvage logging, in addition to promoting structural complexity needed
to maintain socio-ecological resilience of forests to outbreaks (Dhar et al. 201 6a; Axelson et al.
2018).

In the boreal forests where MPB outbreaks are novel and expanding northward and eastward, the
capacity of affected stands to recover and contribute to mid-term fibre supply without management
intervention is not as well understood as in British Columbia. McIntosh and MacDonald (2013)
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report the near absence of secondary structure in pure lodgepole pine forests of Alberta and
suggest that salvage logging and reforestation may be necessary. Two other studies in mixed species
stands in boreal forests, one in northeastern British Columbia (Campbell and Antos 2015) and the
other in western Alberta (Oboite and Comeau 201 8), found abundant, well-spaced, healthy secondary
structure. Both white and black spruce in Alberta exhibited substantial post-outbreak increases in
height and diameter growth, indicating the potential for some stands to recover mid-term harvestable
volumes without management intervention. However, responses varied according to tree species
(black vs. white spruce), tree size, and among sites; as such, a better understanding of this variability
is needed to guide appropriate management action in heavily infested regions. As the geographic
range of MPB expands eastward into jack pine forests, appropriate management responses will
depend on the levels of pine mortality, the characteristics of secondary structure in impacted stands,
ecological values at risk, and the economic significance of these potential fibre losses (Statement | 3).
Managers in boreal and eastern forests could start implementing proactive approaches now, such
as harvest scheduling and silvicultural practices, which would maintain boreal forest complexity and
limit the social, economic, and ecological consequences of MPB spread to eastern Canada.

Climate change interjects a great deal of uncertainty regarding appropriate management
interventions for mitigating the socio-economic consequences of MPB outbreaks. Boreal forest
trees are already exhibiting drought stress and reduced growth (Girardin et al. 2016), and relying
on the increased growth of secondary structure to provide the mid-term fibre supply may become
increasingly risky. In regions of the boreal forest where an increasingly warm, moist climate is driving
increased growth (Girardin et al,, 2016), forests could recover faster than in the past; however,
D'Orangeville et al. (2018) suggest the beneficial effects of climate warming on boreal tree growth
may be transient. Salvaged stands reforested with the same species or populations of the same
genetic stock as in the past are at risk to fail, as they are already maladapted to the current regional
climate (Aitken et al. 2008). Understanding tree species and their genetic-based responses to a
changing climate is an active area of research that is only beginning to provide information that
could guide post-disturbance reforestation activities (e.g, Six et al. 2018).

UNCERTAINTY
I. High uncertainty regarding the impact of MPB on jack pine stands.

2. Moderate to high uncertainty regarding the capacity of beetle-affected stands to recover
mid-term economic value without salvage logging.

3. High uncertainty regarding the effects of climate change on rates of recovery in different stands,

sites, and biomes, including the effect of climate change on reforestation after logging or on
the growth of advance regeneration in stands that are not harvested.

RESEARCH NEEDS
|. Estimate of fibre losses due to MPB in the boreal forest.

2. Improved forest inventory for the boreal forest. This includes better data on the distribution
and volume of pure and mixed jack pine stands, and on advance regeneration (i.e., secondary
structure) in pine stands.

3. A better understanding of boreal forest dynamics, including long-term trends in tree growth,
stand response to tree mortality, and the effect of regional climates on tree growth.

4. Projections over time of boreal forest dynamics at the landscape level that consider major
forest disturbances (e.g, MPB outbreaks, climate change, wildfire) under a range of potential
management and mitigation scenarios.
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3. THE IMPACT OF MPB-CAUSED TREE MORTALITY ON TIMBER FLOWS IN THE
BOREAL FOREST WILL BE HIGHLY VARIABLE. (B. Stennes)

EVIDENCE

The impact of MPB-caused tree mortality on timber flows and forest sector activity will vary
depending on regional fibre supply and demand. Between 1994 and 2004, which were relatively
strong fibre demand years, the forest sector in Saskatchewan and Manitoba averaged a harvest
of 57% and 27% of the softwood annual allowable cut, respectively (Canadian Council of Forest
Minister's National Forest Database, http://nfdp.ccfm.org). Currently, it is estimated that the forest
industry in Saskatchewan has the mill capacity to use 80% of the annual allowable cut, leaving
timber available for 2 or 3 new mills. The Government of Saskatchewan reports that softwood is
approximately 50% of the merchantable growing stock, with pine comprising almost half of that
volume. In 2017 it was estimated that Saskatchewan’s forest industry supported over 8,400 direct
and indirect jobs and totalled nearly $1.2 billion in forest product sales; full development of the
sector could support over $2 billion in sales and 13,000 jobs (Government of Saskatchewan 2018).
Ontario’s harvest averaged 65% of capacity over the strong fibre demand years of 2003-2007.
While these statistics may indicate some capacity to absorb MPB-related timber supply impacts,
utilization needs to be examined at the management-unit level to determine the actual risk to
wood supply.

In the short-term and when MPB spread rates are slow, we expect harvesting to be redirected to
salvaging or pre-emptive harvesting in vulnerable areas, potentially allowing harvest rates to remain
largely unchanged (Phillips et al. 2007). In the medium and longer term, the forest industry could
adapt by focusing on non-pine harvesting (including hardwoods) and through forest management
such as salvaging and planting non-pine to reduce future vulnerability to MPB. Forest managers
in Ontario and Quebec, where timber values are relatively high, should have additional time to
anticipate the arrival of MPB and work towards mitigating supply impacts with appropriate forest
management.

Looking at evidence from the recent MPB outbreak in British Columbia, approximately 731 million m?
or 54% of the merchantable pine in the province was killed (BC FLNRO 2016). One of the hardest
hit regions was the Quesnel Timber Supply Area where pine comprised approximately 70% of
the timber harvesting landbase. AACs in this district were more than doubled to facilitate salvage,
and then subsequently reduced to near pre-uplift levels (~ I 1% above); in the near future, AACs
may fall to 65-70% of pre-uplift levels (Nicholls 2017). Some regions of British Columbia were
able to mitigate the effect of losses to MPB through salvage logging and recovery of beetle-killed
pine stands, reforestation efforts, and directing harvests towards pine instead of other tree species.
There was little effect of MPB in areas of British Columbia where pine mortality was low or other
tree species comprise a significant component of the timber supply.

UNCERTAINTY

I. Moderate uncertainty regarding the inventory of merchantable pine in the boreal forest,
especially at the management-unit level. This includes uncertainty associated with inter-provincial
differences in collection methods.

2. High uncertainty regarding the rate or spread and mortality of MPB in the boreal forest, with
and without management and control.

3. Moderate uncertainty regarding the salvage period for MPB-killed jack pine in the boreal forest.
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RESEARCH NEEDS

|. Consistent inventory data of merchantable species and timber supply utilization by management
unit across the boreal forest.

2. Rate of spread (with and without control) and anticipated mortality (impact) of MPB in the
boreal forest.

3. Salvage period for MPB-killed jack pine and eastern pine species in the boreal.

|4. COMMUNITIES IN THE BOREAL FOREST WILLVARY IN THEIR CAPACITY TO ADAPT
TO MPB-CAUSED TREE MORTALITY. (R. Friberg)

EVIDENCE

The vulnerability of boreal forest communities to MPB impacts varies considerably based on factors
that determine local susceptibility to MPB and the capacity to cope and adapt (Thornes 2002;
Adger 2003; Engle 201 I; Williamson et al. 2007). The proportion and susceptibility of pine across
local forested landscapes, the degree of economic reliance on pine, and the availability of alternate
timber species are important determinants of vulnerability for communities reliant on the forest
industry (Parkins and MacKendrick 2007). The timing and magnitude of economic impact on forest
industry activities are difficult to predict and will vary considerably for different boreal forest
communities due to factors including timber harvesting strategies in response to MPB (e.g, adjustments
to short- and longer-term harvest rates), markets for salvage wood, etc. This uncertainty is concerning
for communities along the front lines of MPB expansion, and those that may be impacted in future
(R. Friberg et al, unpub. data). In British Columbia and the Foothills Region of Alberta, vulnerability
to MPB was found to also vary significantly with the social dimensions of community capacity, and
political dimensions of risk awareness and leadership (Parkins and MacKendrick 2007).

The nature of impacts from MPB will vary among boreal forest communities. Many communities
rely on the forest industry for local employment, while others rely to a differing, and in some cases
significant extent, on tourism.There is concern and uncertainty among boreal communities about
the timing and magnitude of impacts to the tourism sector as forest landscapes are altered by MPB
(Friberg et al,, unpub. data). An additional uneasiness emerging currently among Alberta communities
facing MPB is the potential for increased risk to public safety and infrastructure from wildfire
(e.g, Kulig and Botey 2016), and the nature of these concerns can differ from the municipal level
to broader scales such as county or region (Friberg et al., unpub. data). Again, there is both concern
and uncertainty among communities about how MPB may impact their susceptibility to wildfire.
Other immediate challenges to boreal communities include damage, disruption, reduced visual
appeal, and public safety risks related to town infrastructure, such as recreational trail networks,
golf courses, and parks. The additional financial burden to municipalities for MPB mitigation and
hazard tree removal is potentially significant where treatments must be carried out in the vicinity
of existing infrastructure such as homes and power lines.

Adaptive capacity, viewed as “the ability of a system to evolve in order to accommodate perturbations
or to expand to the range of variability with which it can cope” (Adger 2003), is important to
mitigate the vulnerability of communities to disturbances like MPB. Adaptive capacity is also viewed
as a key factor in community resilience (Engle 201 I'), which in the context of forest-based communities
is defined as “the existence, development, and engagement of community resources by community
members to thrive in an environment characterized by change, uncertainty, unpredictability, and
surprise” (Magis 2010). Regarding the resilience of boreal forest communities, however, an important
consideration emerges around findings of significant inequities in the adaptive capacity of urban
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versus rural communities in British Columbia (Burch 2010). There are commonly shortages in
financial and human resources in rural communities, especially in remote First Nations communities
(Krishnaswamy et al. 2012).This increases community vulnerability and reduces resilience to MPB
impacts.

Additional knowledge about the vulnerability and resilience of boreal forest communities is emerging
from work in the Alberta Foothills Region (Friberg et al., unpub. data) through the application of
an integrated assessment framework involving factors that include biophysical, social and economic
exposure to MPB (e.g, Parkins and MacKendrick 2007); stability factors including biophysical and
economic diversity, redundancy, social cohesion and latitude for response (e.g, Kerner and Thomas 2014;
Walker et al. 2004); community assets for adaptation or transformation (e.g., Berkes and Ross 2016;
Kulig and Botey 2016;Tyler and Moench, 2012); institutional adaptive capacity at local, provincial
and federal scales (e.g, Emerson et al. 2012; Gupta et al. 2010); and factors such as leadership that
facilitate the activation of existing adaptive capacity (e.g, Burch 2010). Areas of potential concern
emerging from the assessment include the close proximity of some rural, boreal forest communities
to financial thresholds below which some municipal services could no longer be provided. In addition,
MPB presents a considerable degree of uncertainty for communities in terms of the timing, duration
and extent of economic impact on forest and tourism-based industries. Changes to timber supply,
for example, that might not have a substantial impact on their own might in combination with other
local factors such as timber supply reductions for woodland caribou, and global factors, including
market price and trade barriers, contribute to a cumulative impact on local employment and
municipal tax base.

UNCERTAINTY

I. Low uncertainty that MPB will result in negative social and economic impacts to human
communities reliant on boreal forests in Canada.

2. Moderate to high uncertainty regarding the geographic extent of MPB impacts.

High uncertainty regarding the extent of impact on individual communities due to uncertainty
in the timing and magnitude of MPB impact on local landscapes, high uncertainty regarding the
timing and extent of socio-economic impacts, and high uncertainty regarding the cumulative
effect of these and other factors.

4. Low uncertainty that the vulnerability of some rural and First Nations communities will be
adversely affected by inequities in adaptive capacity.

RESEARCH NEEDS

I. Increased knowledge about the potential timing and severity of economic impacts on forest
and tourism industries, both regionally and on specific communities (e.g., through scenario
development).

2. Increased knowledge about potential key weaknesses in existing adaptive capacity among diverse
boreal forest communities and relevant, context-specific strategies for increasing adaptive capacity
and resilience.

3. lIdentification of opportunities for strengthening institutional adaptive capacity at local, provincial,
and federal levels.

4. Knowledge about context-specific MPB impacts on British Columbia communities and the
effectiveness of local, provincial, and federal responses.
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I5. THE ECOSYSTEM SERVICES VALUES AT RISK IN EASTERN PINE FORESTS EXCEED
THOSE OF TRADITIONAL COMMERCIAL TIMBER VALUES. (B. Cooke)

EVIDENCE

Commercial timber values are determined by the total price that could be commanded for all
timbers procured from a forest by bringing them to market. This is a number that is not easily
calculated, afthough it is arguably easier to calculate than non-timber values. Because the procurement
of timber takes time and is expensive, and because market prices fluctuate, it is insufficient to sum
the merchantable volume total and multiply by a current lumber price to obtain a total valuation.
One could do this for the entire province of Saskatchewan and produce an economic valuation
for jack pine of $2 billion. However, there is insufficient milling capacity to access all this timber
in the long-run as well as insufficient road infrastructure in the short-run. Therefore, this latent
value represents an overvaluation. Moreover, the net present value of all future timbers requires
discounting to achieve a proper valuation.

Forest ecosystem services are valued flows of outputs or commodities from a forested ecosystem
that may be disrupted when the ecosystem is disturbed, for example, by fire, insects, disease, harvesting,
or other forest land uses such as agricultural or suburban development. These are frequently valued
byproducts of timber production (Dhar et al. 2016b) and they include, but are not limited to

® groundwater purification / surface water quality;

® provision of subsistence and luxury foods (mushrooms, nuts, berries);

® provision of biodiversity and habitat for endangered or threatened species;
® provision of specific habitats for subsistence and sport hunting and fishing;
® provision of tourism, spiritual and recreation opportunities;

® regulation of climate (via carbon sequestration); and

® regulation of fire behaviour (via fuel abundance, quality, and distribution).

Some of these ecosystem services can, like timber, be readily priced because there are markets
for them. Others are non-commodities whose values are intrinsic and must be assessed at the
level of a political negotiation. For example, biodiversity, which encompasses genetic variation at
all levels of organization from the gene pool to individual species to entire communities, may have
a latent value that becomes of high commercial value only when an element of the system becomes
a critical ingredient for the pharmaceutical industry (e.g, Taxol is derived from the Canada yew and
is now used to treat certain cancers). Traditionally, the timber production function has been the
focus of forest economics research, but non-timber values are increasingly being studied. Even if
these ecosystem services have intrinsic value that is non-quantifiable, they are still amenable to
policy analysis through the study of trade-offs associated with varying forest management scenarios.

To our knowledge, there has never been (i) a formal commercial valuation of the timber assets
across Canada at risk of MPB attack; or (i) an ecosystem services valuation of the eastern pine
forests in Canada. Consequently, any statement about the timber and non-timber values at risk are
highly uncertain. However, there are two sources (Dhar et al. 20| éb; Troy and Bagstad 2009) that
could serve as a basis for extrapolation to address ecosystem services values at risk, which
taken together demonstrate that it is, in theory, possible to quantify the non-timber values of
the eastern pine forests.

A literature review reported both positive and negative impacts of MPB on ecosystem service
values in British Columbia (Dhar et al. 2016b).The total change in value resulting from MPB was
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not estimated in this study, the focus being on qualitative effects of the co-production functions.
The most severely negatively impacted regulating service was water quality. For supporting services,
terrestrial habitat services showed positive responses, while aquatic habitat showed negative responses,
and nutrient cycling showed a short-term negative effect. Salvage logging following MPB outbreak
can increase negative impacts on ecosystem services compared to MPB outbreak without salvage
logging (Statement |2). There were no effects on cultural services, such as tourism and recreation,
reported to date in British Columbia. Similar qualitative responses might be expected in Alberta
and provinces eastward, although pine comprises a lower percentage of the eastern forest, so the
magnitude of impacts might be a fraction of that experienced in British Columbia.

The most comprehensive study in Canada was conducted in southern Ontario where standing
forests as a whole were estimated to be worth $7.4 billion in ecosystem service values (Troy and
Bagstad 2009). Per-hectare values are highest where human population densities are highest, and
in those cases ecosystem service values are higher for keeping trees standing than for cutting them
down.The average values identified in this study would not extrapolate well to rural and northern
Canada, although this would be less of a concern for values identified in the northern part of the
study area, where white pine is one of the more dominant tree species. It is not possible to easily
translate this number into a pine ecosystem service value for all Ontario or eastern Canada, but
it does illustrate how it may be possible to do so, in theory. It also shows why urban red and
white pines will have greater value than commercial pine timber: The value of pine in this southern
Ontario valuation will be a fraction of the total $7.4 billion estimated for all forests and that number
would grow after including red and white pines in central Ontario, and then jack pine in northern
Ontario. That number would rise again with the inclusion of red, white and jack pine in the rest
of Canada.

In New Brunswick, the eastern spruce budworm has been characterized as a“$15 billion problem”
for the threat it poses to spruce and fir. Given the extent of pine at risk to MPB over nine provinces—
an area 100 times larger than New Brunswick—the values at risk are at least as high as this and
probably considerably higher. Although calculating a precise number is difficult without additional
data, there are clearly multiple billions of dollars of timber and non-timber assets at risk of MPB
attack in eastern Canada.

UNCERTAINTY

I. High uncertainty regarding applicability of known ecosystem impacts in British Columbia to
different pine ecosystems.

2. High uncertainty regarding how MPB will affect the flow of multiple ecosystem services.

High uncertainty regarding the relative value of commercial timber values versus non-timber
values.

RESEARCH NEEDS

|. Ecosystem services data to better quantify impacts of MPB at a regional (e.g., Prairie boreal),
provincial, and national level.

2. Return on investment analysis to differentiate between those that benefit and those that
bear the cost.
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6. MPB WILL HAVE A SIGNIFICANT IMPACT ON THE CARBON BALANCE OF
CANADA’S BOREAL FORESTS. (C. Boisvenue)

EVIDENCE

The carbon sequestered by a forest stand in a given year is mainly determined by the balance
between two large carbon fluxes: carbon uptake via Net Primary Productivity (NPP) and carbon
release to the atmosphere via ecosystem respiration (Kurz et al. 201 3). Small differences between
these two large fluxes determine whether the system is a carbon source or sink in a given year.
Tree mortality from MPB transfers biomass from the live carbon pools (leaves, branches, trunks,
roots) to the dead carbon pools (fine litter; coarse woody debris, soil carbon). This reduces the
photosynthetic capacity and NPP and increases respiration in a forest (Maurer et al. 2016).The
more biomass transferred from live carbon pools to dead pools, the larger the carbon emissions
to the atmosphere (Kurz et al. 2008). Recovery of the carbon stocks will follow the trajectory of
vegetation recovery and will depend on the severity of infestation, forest type, and initial carbon
stocks (Pfeifer et al. 201 I; Hicke et al. 2012; Raymond et al. 2015).

Recent research indicates that post-disturbance CO, and H,O dynamics are driven by the level
of tree mortality as well as the response of the remaining and new regenerating vegetation (Reed
et al. 2014). Residual understory trees and new growth may be stimulated after the death of large
mature trees due to decreased competition and increased nutrient availability, such that forest
regeneration may actually offset some of the losses incurred from MPB-caused tree mortality; this
may allow carbon stocks to recover faster than initially predicted (Edburg et al. 2012; Hansen 2014;
Seidl et al. 2016). Other factors may help counteract the negative effect of MPB-caused mortality
on carbon stocks and yearly dynamics. For example, increased CO, levels in the atmosphere
(ie., CO, fertilization) associated with a changing climate may lead to faster vegetation growth
and increased carbon sequestration. As a result of these interacting factors, carbon uptake by the
land following the recent MPB epidemic in British Columbia may overcome carbon losses by 2020
(Arora et al. 2016). Drought, which influences decomposition rates, and wildfire will also affect the
carbon balance of forest stands (Bourbonnais et al. 20 14; Garrett et al. 201 6; Stinson et al. 201 |;
Edburg et al. 2012).

Current estimates of forest carbon largely use tree and stand allometric equations that rely solely
on dominant large tree data. Unfortunately, there are very few data on the carbon content of
other vegetation types. Imperatives to commodify carbon are based on the contribution of CO,,
the most prominent greenhouse gas, to increasing global temperatures. MPB outbreaks may also
contribute to increasing global temperatures through effects on the regional and global energy
balance via changes in surface albedo (O'Halloran et al. 201 |; Edburg et al. 2012). The impact of
current and potential future levels of MPB infestation on the energy balance of the boreal forest
are not well quantified.

UNCERTAINTY
I. Low uncertainty that MPB-caused tree mortality leads to the release of carbon from killed trees.

2. Moderate to high uncertainty regarding the effects of MPB-caused tree mortality on the overall
carbon budget and global temperatures in the long-term. This includes vegetation recovery and
new growth following MPB outbreaks, the potential interaction between tree mortality and
wildfire, and impacts on surface albedo.
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3. Moderate to high uncertainty regarding the overall amount and severity of MPB disturbances
(i.e,, the monitoring data used to estimate MPB impacts on the national forest carbon budget
are coarse and based on visually assessed categories of mortality).

RESEARCH NEEDS

I, Quantification of the impact of MPB-caused mortality on live and dead carbon pools over time.
This includes the percent of trees in the red and grey attack stages.

2. Temporal quantification of decomposition rates of dead biomass following MPB outbreaks in
different ecosystems and conditions (e.g, drought), including jack pine stands in the boreal forest.

[7.MPB INFESTATIONS WILL INCREASE WILDFIRE RISK THROUGHOUT WESTERN
CANADA. (C. Stockdale)

EVIDENCE

There is growing concern and evidence that MPB epidemics are significantly increasing landscape-
level wildfire risk. Wildfire risk is defined as the likelihood of fire occurrence combined with the
impact of a fire if it does occur (Finney 2005). Given that MPB affects vegetation, and therefore
fuel, it should be expected to change both the likelihood and impact of fires; however, there is
considerable controversy regarding the precise nature of these effects (Klutsch et al. 201 |; Moran
and Cochrane 2012; Jenkins et al. 2014; Hart et al. 2015; Nelson et al. 2016). The disagreements
largely stem from whether one is investigating how MPB affects fire occurrence (number of fires
per unit area and time), size, rate of spread, intensity (heat produced by the fire), severity (mortality
caused by the fire), smoke production, or short- and long-range ember transport (which can start
new fires). Further complicating the matter is that the effects of the different stages of beetle attack
(red, grey, downed) have varying temporally limited effects.

At its most basic, stands of dead trees with needles still attached (red attack) should burn at a
higher intensity, ignite more easily, and spread faster than fires in live trees (Perrakis et al. 2014).
This has been observed in many wildfires. Once the needles fall off the tree (grey stage), the effects
on wildfire become complex and difficult to predict. As needles fall, they accumulate on the forest
floor; forest floor fuels make fire ignition more likely. However, as the needles fall, the canopy bulk
density decreases, which lowers the likelihood of crown fires. The effect of these falling needles
is difficult to predict because of these opposing forces, and is likely site-specific. Furthermore, as
the amount of dead versus live fuel increases, fire initiation should become more likely. As the dead
trees begin to fall, coarse woody debris increases the surface fuel load; at this stage, the probability
of ignition is low, but should a fire start, it will have a high intensity. A number of studies have
questioned these general relationships (Kulakowski and Veblen 2007; Simard et al. 201 |; Harvey et al.
2014; Hart et al. 2015); their application is limited as they were conducted in areas with a specific
fire regime (small-sized, low-frequency fires) under a small range of potential fire weather or they
failed to account for factors such as fuel moisture and loading in stands with red- and grey-attacked
trees (see critiques by Moran and Cochrane 2012; Meigs et al. 2015; Nelson et al. 2016). In general,
it is likely that there will be short-term increases in wildfire extent, severity, and probability of
ignition following MPB-caused tree mortality when the time lags of the various attack stages are
taken into account (Nelson et al. 2016).

The 2017 wildfire season in British Columbia burned more than |.2 million ha, which was a record
in the province’s recorded history until 2018, when an additional 1.3 million ha burned; togethen,
the 2017 and 2018 fire years burned more area than the previous 31 years combined. A very
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large portion of these fires burned through areas that in the last 20 years had experienced the
largest and most severe MPB outbreak ever documented. Observations made by fire behaviour
analysts indicate that the fires that burned in the 2017 and 2018 seasons were larger, spread faster,
and burned more intensely than they would have in the absence of the MPB-affected fuels. These
recent observations have yet to be quantified, but we can make effective use of these recent fires
to advance our knowledge with regard to understanding how MPB-killed trees affect the rate of
spread of fire, and how this in turn affects the relative burn probability of the landscape. The current
fire regime of the Alberta foothills and boreal forest is characterized by a fire regime fundamentally
different from British Columbia and the northwestern United States. The fire regime in Alberta
as well as in the boreal eastern forests is characterized by shorter fire return intervals, a broader
range in fire size (including some very large areas), and more intense wildfires due to different
vegetation types: all of these would increase the probability of fire occurring with beetle affected
fuels. Therefore, it is of paramount importance to understand how an MPB epidemic will affect
wildfire risk in this region.

UNCERTAINTY

I. Low uncertainty that red attack (dead trees with needles) will increase wildfire rate of spread,
intensity, and probability of ignition and crowning (surface fire transitioning to a crown fire).

2. Moderate uncertainty regarding the effects of grey attack (dead trees with no needles) on
wildfire rate of spread, intensity, ignition, and crowning.

3. High uncertainty regarding the effects of attacked trees once they begin to fall to the ground
on wildfire rate of spread, intensity, ignition, and crowning. It is likely to be highly variable due
to high structural complexity at this stage.

4. High uncertainty regarding how wildfire risk is affected by a landscape mosaic consisting of all
of these different stages occurring in unique proportions and patterns across the landscape.

Research Needs

I. Field-based controlled burns in various stages of MPB-attack to determine the precise nature
of the effects of MPB kill on fire behavior variables.

2. Thorough examination of remotely sensed data on recent wildfires that have burned through
MPB-affected fuels to deduce changes in fire behaviour caused by MPB.

3. Modelling-based studies to examine the landscape mosaic effects on wildfire risk.

4. The development of spatially accurate and temporally current forest inventories to document
the current stage of MPB infestation across the landscape.
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