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Fig. 3. The ber of live whitebark pine (Pinus albicaulis) trees that are infected by white pine blister rust (Cronartium ribicola) varies by

latitude: highest in the southern part of the study area, then dropping significantly in the central Canadian Rockies, and then rising again at
the northern pait of the study area. The model residuals are the residuals after accounting for all other variables in the model The line is the
fitted line using the model coefficients and the means of the other covariates.
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WPBR infection spread is heavily influenced by environmental
conditions such as moisture, air temperature, and air circulation
(Sturrock et al. 2011), with high hazard conditions of about 48 h
of <20 °C and 100% humidity producing ideal conditions to form
basidiospores, disperse, germinate, and infect white pines {Ostry
et al 2010). These moisture-saturated environments are more typ-
ical of our western sites {Smith et al. 2008).

‘While the percentage of canopy kill declined between measure-
ment periods, it continues to reduce cone production because
nearly all cones are produced in the upper third of the crown
(Amo and Hoff 1989} The observed decline may reflect (i) the
death of the trees from 2003-2004 that had high canopy kill, such
thatthe remaining healthier trees comprise a larger percentage of
live trees, (i) that there were fewer infection events in the inter-
vening years, and (or) (i) that there was observer variance in
classifying the percentage of canopy kill.

Similar to Rochefort {2008), we found that mortality levels de-
creased with elevation, although our infection levels showed no
response to elevation. We hypothesize that the lower mortality
levels were due to slower disease development and spread at
higher elevations, due to the shorter growing season. However,
predicted warmer temperatures at higher elevations may provide
favourable conditions for WPBR to spread more rapidly in the
future (Larson 2010). Climate warming is also driving recent in-
creases in MPB infestation at higherelevations by lengthening the
developmental period and shortening the perieds of cold temper-
atures that kill beetles(Logan and Powell 2001). Also, with climate
warming, beetles of different generations are now surviving and
killing whitebark pine in a single summer (Bentz et al. 2011). In
addition, in some areas, MPB have preferentially selected trees
that were infected by WPBR, which may occur more frequently
with drought stress (Six and Adams 2007; Bockine and Tinker
2012). High levels of WPBR infection prior to MPB infestation may
amplify both disturbances, accelerating the loss of whitebark pine
(Gibson et al. 2008; Larson 2010, Sharik et al. 2010). Although our
results showed a decrease in mortality from MPB, populations in
lodgepole pine (Pinus contorta Douglas ex Loudon) have been in-
creasing in the central and northem zones of our study area and
are predicted to continue to increase given conservative climate

potential for MPB population growth (Dalman 2004).

These two agents (climate warming and MPB) are
menting existing small populations of whitebark pi
the risk of loss of these remnants to wildfires, whi
to be more intense under a warming climat

{Tomback 1982), thus reducing regeneraty
observed improved growth in whitebar]
drought and hypothesized that fitn
some levels of forest dieback. How:
stands may be below the predi
Clark’s nutcrackers (McKinne
et al. 2009; Barringer et al.
regeneration potential.

Disturbance agents o

. Millar et al, (2012)
e trees that survived
may be improved with
. cone production in these
threshold for visitation by
d Tomback 2007; McKinney
2), reducing dispersal and thus

te on different time scales and fre-
mographic stages of populations{Wong
the species response. Wong (2012) found
that the triple whammy of MPB, WPBR, and various Ips spp. of
barkbeetles reduced whitebark pine basal area significantly, and
when regeneration remained low, subalpine fir {Abies lasiocarpa
{Hook.) Nutt.) became dominant in the understory and overstory.
Many of the severely impacted stands in cur study area maybe on
a trajectory towards extirpation without active management of
competing species and assistance in regeneration.

Infection {44%, range 0%-100%) and mortality (30%, range 0%-90%)
levels in plots observed in this study are higher than in surveys a
decade earlier in British Columbia (31% infection and 19% mortal-
ity: Zeglen 2002; 27% infection and 21% mortality: Campbell and
Antos 2000; also see review in Smith et al. 2008). They are also
higher than in surveys between 2005 and 2009 in Alberta pro-
tected areas (0%-33% infection and 0%-13% mortality: K Ainsley
and A. Benner, unpublished data), but are similar in that the
highest levelsare in the south. Levels in the Canadian Rockies are
higher than in the Greater Yellowstone Ecosystem {mean 20%
infection: GYWPMWG 2010) and Washington (mean 22% infection
and 31% mortality: Rochefort 2008). The estimated 3%jyear in-
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Climate Change







Climate Conditions: Conducive for Whitebark Pine Infection
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Blister Rust Screening

Inoculation Year No. Families (Parents)
Screened

2013 10
2014 30
2015 10
2016 35

Preliminary Findings: About half of parents have high survivorship and low incidence

of disease symptoms.
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Summary

Rapidly Emerging Trends in Southeast British Columbia

Cone Production:
e Within Site: Trees generally in sync
* Between Sites: Variability
Aerial Recon: Conspicuous Mining & Harvest
Climate Change: Favorable conditions for spread of blister rust may
be increasing.
Blister Rust Resistance: Half of candidate trees are showing high
survivorship and low incidence of disease symptoms.
Whitebark Pine Decline: 3 of 4 Monitoring Plots (blister rust and

some beetle).
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(canopy Kill and direct mortality), seed dispersal, and seedling
survival. The rust usually kills the upper, cone-bearing branches
the tree itself (McDonald and Hoff 2001). Nearly all cones
are produced in the upper third of the crown, so loss of canopy
means loss of seed production (Keane et al. 1994), Seedlings of all
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cankers, the majority die within 3 years (Hoff and Hagle 1990),
educing regeneration. Although MPB prefer the thicker phloem
layer of larger diameter trees (>10-12 cm), which create better
Amman 1980), even

may be very susceptible to MPB
attack because of their proximity to larger diameter stems in

reproductive conditions (Cole and small

diameter whitebark pine tre

multistem clusters (Perkins and Roberts 2003)
WPBR, in particular, has devastated many northern whitebark
pine populations and is quickly invading others, making it almost
ewide in its distribution across a diversity of habitat types
and plant associations as well as edaphic conditions (Schwandt
et al Tomback and Achuff 2010, and references therein),
MPB outbreaks are widespread in several whitebark pine reg
(Gibson et al. 2008). While these, and other, studies have reported
on the incidence of WPBR on whitebark pine and subsequent
mortality, only a few have reported on rates of change in these
ariables (Keane and Armo 1993; Smith et al. 2008: GYWPMWG

110)

Long-term observations a

2010;

ons

> an opportunity to examine how
stands and landscapes respond to agents such as WPBR and MPB
over time (Geils et al. 2011); for example, rust incdence and tree
mortality may vary at different stages of an epidemic, or depend-

ing on stand age or other factors. complete understanding
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