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Introduction
High elevation biota, including subalpine tree species, are commonly assumed to respond to global warming by migrating upslope.  This assumption generates a conservation hypothesis that habitat will be lost as area diminishes approaching mountain summits.  In recent years we have been studying century-scale recruitment and demographic structure of limber pine associated with paleoclimate (past 3500 yrs) in the Sierra Nevada and western Great Basin ranges.  We have also studied responses of subalpine whitebark and lodgepole pines to 20th-century warming and decadal variability.

Conclusions from these studies suggest that subalpine forest response to warming climates is more complex than simple movements upslope, and includes in addition changes in aspect, substrates, species composition, stand structure, invasion of openings of various types, and even movement downslope into cool, narrow ravines.  We have begun a broad study in the Sierra Nevada and Great Basin ranges on limber pine recruitment and demographics that seeks to understand the response of limber pine to current climates.  We have added a component in the White Mountains as part of the GLORIA Master Station project.

Questions
What is the level of limber pine recruitment in the White Mountains relative to:

-- elevation  (lower treeline, middle elevations, and current/prior treelines & above)


-- vegetation context (forest stand, meadows and other openings, dead trees [former treelines])


-- slope, aspect, and soils (dolomite vs non-dolomite)


-- species (limber pine, bristlecone pine, and pinyon pine)

What are the age-class diversities of live limber pine trees in the study stands (mature trees as well as recruitment classes)?

Methods
We are using 30 m belt transects that traverse 70-130 m elevation in each of the following zones:


-- low elevation (for limber and bristlecone pines), <10,000’.  Study sites are non-dolomites, 

ravine, and slope 
stands (limber pine is very infrequent either as mature or young trees on 



dolomites at low elevations)


-- middle elevations, 10,100’ – 10,300’.  Study sites are non-dolomites, forest and meadow 


areas


-- upper elevations, > 11,000’. Study sites are non-dolomites and dolomites, diverse aspects

We tally all live and dead trees within the belt transects for species and diameter, and in addition age limber pine as follows:  

-- branch whorl counts for trees < 5 cm dia at 0.5 m ht

-- increment core every tree > 5 cm and < 0.5 m dia at 0.5 m ht
-- increment core every 5th tree over 0.5 m dia at 0.5 m ht

-- measure diameter only of deadwood 

Initial & General Observations (detailed analyses not available yet)
Limber pine is reproducing at all elevations.  The most reproduction is at high elevation sites.

At high elevations, most reproduction is found on dolomite soils.  Limber pine outnumbers bristlecone pine reproduction by over 95% on all sites studied (dolomite and non-dolomite), and is abundant even in areas where no mature limber pine and in areas where no live mature trees of any species exist.  Limber pine reproduction is also abundant above current treeline (as indicated by live mature bristlecone pine) in areas where only dead bristlecone pine wood occurs -- to > 11,740’.  This finding pertains on all aspects, but most abundant on west, south, and east slopes at the highest elevations above current treeline.  Reproduction is mostly limited to areas of former forest as indicated by zones of deadwood.
At middle elevations, limber pine and bristlecone pine recruitment was moderate within mature forest stands (mixed limber and bristlecone pine).  Beyond former forest boundaries limber pine is colonizing abundantly into meadows and other openings.  This occurs most on non-dolomite sites.

At low elevations, mature limber pine is mostly absent or in very low frequency in forest stands on dolomite soils; no limber pine reproduction was observed on these sites, and similarly bristlecone pine reproduction was minimal.  In mixed limber and bristlecone pine stands on non-dolomite soils (mostly west of the White Mtn crest), limber pine recruitment is moderate within forest stands, least abundant on convex slopes, and most abundant in ravines.  In the latter case, limber pine reproduction is far more common than bristlecone pine and occurs throughout the elevations of the transects.
Limber pine reproduction is episodic by cohorts.  A ~ 25 yr cohort is most common at all elevations; more age-class diversity exists at higher elevations, and includes ~ 5yr, ~10 yr, ~35, and ~ 45 yr cohorts.

Figure 1: Low elevations.  Recruitment of limber pine in ravines. West slope (non-dolomite).
Figure 2:  Middle elevations.  Recruitment of limber pines into meadows.  Crooked Creek drainage (non-dolomite).

Figure 3: Upper elevations.  Limber pine recruitment within zone of former upper treeline, as evidenced by deadwood bristlecone pine.  Peaks above Cottonwood drainage (dolomite).

