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Introduction

Brit ish Columbia is renowned for the outstanding diversity of its forest and rangeland

ecosystems.  The rugged topography and turbulent geological history of this province have

created an exceptionally varied template of climate, soils, plant and animal life. Disturbances
such wildfires, storms, geomorphic activity, and insect and disease outbreaks act upon this

template to modify the pattern of ecosystems across a landscape both in the short term

(successional dynamics within an ecosystem) and over longer tim e periods (state shifts from
one type of ecosystem to another).

Scientific research shows that the response of ecosystems to changes in environmental

conditions is typically non  -linear (Scheffer et al. 2001; Schneider 2004). Instead of shifting

increment ally, ecosystems often display threshold -type behaviour whereby significant events
serve as tipping points, precipitating a sudden switch from one state to another. The massive
outbreak of mountain pine beetle (  Dendroctonus ponderosae, hereafter MPB) that spread
through British Columbia in the early 2000s provided an unparalleled opportunity to

investigate such tipping point behaviour in forest ecosystems because tree mortality freed up

site resources across an exceptionally wide range of spatial scales, ¢ reating a resource pulse
(i.e., temporary increase in resource availability; Ostfeld and Keesing 2000, Yang et al. 2008)

that could act as the impetus for ecosystem reorganization.

British Columbiads climate has war med 0"aCeritudylanditisi nce the be
understood that climatic warming has and will have profound effects on forest ecosystems

(Taylor and Taylor 1997; Hebda 1998; Hamman and Wang 2006). It is difficult to observe the
direct effects of a warming climate because they are confounded by smaller scale sources of
climatic variability such as El Nifio/La Nifia cycles and the Pacific Decadal Oscillation (PDO).
Responses to climate variability are also often non -linear with indirect or delayed effects on
ecosystem dynamics (Schnei  der 2004; Dale et al. 2001). Most British Columbia forest
ecosystems display considerable resilience or inertia and are able to recover from or adapt to

many types of environmental change. Ecological resilience theory suggests that ecosystems
most likely to display tipping point behaviour are those that (a) are situated near a climatic

threshold, and (b) are simultaneously exposed to a variety of other stressors (Scheffer et al.

2001).

Whitebark pine ( Pinus albicaulis ) i reindeer lichen ( Cladina spp. ) ec osystems of west central
British Columbia are a perfect test case for studying ecosystem resilience to cumulative

change . Whitebark pine is considered a keystone species in the subalpine forests of western

North Ameri ca bec augs,®il -tridhseeds (pineendts) foimahe base of a complex
subalpine food -web that supports grizzly bears and many smaller species, including red
squirrels and Clarkés nutcrackers that harvest, cache and
2002). Unfortunat ely, whitebark pine is dying throughout its range from the double -barreled
threat of the indigenous MPB, which attacks large trees, and the alien white pine blister rust

fungus (' Cronartium ribicola,  hereafter WPBR) which kills both small and large trees (C ampbell
and Antos 2000, Zeglen 2002). Climatic warming increases the risk from these agents at high
elevations (Logan and Powell 2001). Since whitebark pine regenerates and grows best in

open conditions following wildfires, it is also vulnerable to envir onmental changes such as fire
suppression that reduce wildfire frequency in subalpine forests. In response to these multiple
threats, the B.C. Conservation Data Centre recently blue -listed both the whitebark pine tree
species and all whitebark pine -domina ted ecological communities throughout British Columbia

(CDC 2008; Charleson and Campbell 2008).

The whitebark pine -dominated ecosystems of west central British Columbia lie at the

northwest | imit of the treebs range on atdfoethib&theot e, unroade
Coast Mountain Range south of the Skeena River. These dry, open forests have distinctive

white carpets of Cladina (reindeer) lichens and are hotspots of biodiversity and biocomplexity

within a forest landscape that is dominated by de nse, often monospecific stands of subalpine

fir with shaded mossy understories (Fig 1). Reindeer lichen -dominated forest understories are
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a characteristic feature of boreal forests, but rarely occur at temperate latitudes, making them

a potential bellweth  er of global warming. Thus, the peripheral nature of both the whitebark
pine overstory and the lichen understory as well as the multiple stresses they face, makes
these Whitebark pine 1 Cladina lichen ecosystems ideal candidates for studying tipping point

behaviour in forest ecosystems, while also permitting us to gather basic information on an
understudied, b ut highly threatened ecosystem.

Our recent research in MPB  -affected lodgepole pine  -Cladina lichen ecosystems of central BC
indicates that MPB mortal ity releases a pulse of resources to the understory plant community

that results in losses of reindeer lichens and increases in understory tree, shrub and moss

growth (Cichowski et al. 2008). These lodgepole pine forest studies had a 6 year time frame.

In the current study, we were interested to see how a similar phenomenon might play out

over a longer (30 yr) time period in more vulnerable whitebark pine ecosystems exposed to
additional stresses and situated closer to a climatic threshold

This report p resents the results of a preliminary analysis of our 2007 study. A more in -depth
study is currently underway with results being prepared for submission to a refereed scientific

journal, thus we do not present detailed statistical, dendrochronological or v egetation analyses
here.
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Objectives and Hypotheses

Our objective was to use low elevation, peripheral occurrences of a blue -listed Whitebark pine
- Cladina lichen -dominated ecological community in the moist cool Engelmann Spruce -
Subalpine Fir biogeocli matic subzone (ESSFmk/02 and /03 site series, Banner et al. 1993) of

west central British Columbia as a model system to study how non -linear ecosystem shifts
may occur in response to cumulative stress associated with insects, diseases, wildfire and

climate and to demonstrate that such shifts can result in a loss of ecosystem diversity.

Hypotheses:

Q) We hypothesized that a generally warmer, milder and wetter climate has prevailed in
the ESSFmk subzone of west central British Columbia since the mid -1970s asa
combined result of global warming (Murdock 2007) and the 1976/1977 shift in the
PDO (Mantua et al. 1997, Gedalof and Smith 2001) from a dominantly negative (cool)
phase (1947 to 1976) to a dominantly positiv e (warm) phase (1977 to 2000+).

2) Reindee r lichen -dominated forest plant communities are associated with cold, dry soil
conditions in northern and central B .C. and are rare to the west and to the south of
the study area where climates are wetter and/or warmer (Meidinger and Pojar 1991).
We hypot hesized that changes in climatic conditions in the study area since the mid -
1970s (Hypothesis 1) have caused dry Whitebark pine i Cladina lichen -dominated
ecological communities (ESSFmk/02 and /03) to shift to a more common submesic to
mesic Subalpine fir -(Mountain hemlock) -Moss ecological community (ESSFmk/01),
resulting in reduced ecosystem diversity in the ESSFmk landscape.

3) We anticipate thatinold  -growth ESSFmKk forests, the shift in ecosystem states to a
more mesic condition (Hypothesis 2) was pr ecipitated by cumulative whitebark pine
mortality from WPBR and MPB that freed up light, water and soil nutrients to shade -
tolerant subcanopy trees and understory plants. We therefore hypothesized that the
shift will be more evident on old growth forest sites that experienced one or more
localized MPB outbreaks between 1977 and 2000 (i.e., several resource pulses) than
on sites subject to MPB attack only after 2000 (i.e., a single, recent resource pulse).

4) A stand -destroying wildfire can be expected t o produce a more intense pulse of nutrient,
water and light availability than an MPB outbreak (cf. Wan et al. 2001 to Lovett et al.
2002). We therefore hypothesized that in young ESSFmk forests burned by wildfires
since the mid -1970s, drier than mesic sit es will have regenerated directly to a
Subalpine fir -Mountain hemlock -Moss (ESSFmk/01) ecological community rather than
to a Whitebark pine  -Cladina Lichen (ESSFmk/02 or /03) ecological community due to

the combined effects of the post -fire resource pulse, a warmer, wetter climate
(Hypothesis 1), poor whitebark pine seed crops and high levels of blister rust -induced
tree death.
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Figure 1. Open whitebark pine woodlands (dashed outline) with their white carpets of
reindeer lichen (in  set photo) are a striking feature of the ESSFmk landscape. These rare
ecosystems are not found west (CWHws/MHmm subzones) or south (ESSFmw) of the

ESSFmk, and are therefore believed to be vulnerable to climate change, especially when

combined with changes  in the disturbance regime.
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