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A GLORIA Target Region is a group of peaks
Here, the White Mtn. Dolostone group

11,800 ft; 3598 m
11,400 ft; 3476 m

12,200 ft; 3720m
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3mX3m grid;
Quadrats in
outer corners

Summit Area Sections



Temperature Loggers, 10 cm deep



The “California Method”, 10mX10m plots  



Downslope surveys



White Mtn  2008, 2012, 2017

Barcroft  2007, 2011, 2016

Sheep Mtn East  2007, 2011, 2016

Patriarch Grove S. 2008, 2012, 2017, 2023  

Campito  2013, 2018, 2023



First White Mtn. peak survey

Field teams have gotten larger



Training has improved So has Safety

Wilderness 1st Responder
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Botanical data has improved and is now 
excellent quality
Earliest field ID
Field Ldr. & Botanist

Extensive ID & 
Herbarium work
Botany Leader



• With warming plants will move up enough to maintain temperature
• About 15m per 0.1 Co or 15m in 5 to 10 years
• Warmth favors more species, species richness increases
• Alpine plants move up, so do species from below, treelines rise

Presumed result of climate change

Alas, it is not that simple
• Diversity of microclimate niches allow refuge with small shifts
• Warming could dry soils & reduce nutrients, less hospitable, harsher
• Soil development is very slow at high elevations
• Mediterranean summits have not shown species increases
• Dispersal, establishment, & extinction rates differ, causing complex 

migration patterns and timing
• Alpine plants are tough and resilient, have handled difficult conditions 

already, and may persist
• Moisture effects may exceed temperature effects, different trends
• 15 years is too short for long-term temperature effects to emerge from 

short-term variations and “noise”



Species Richness California & Nevada GLORIA
2004-2012

Mark Darrach, Adelia Barber, Elizabeth Bergstrom, 
Constance Millar  2013



Low-stature plant cover in alpine vs.woodland
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Smithers, Oldfather et al. 2020, American Journal of Botany
“Community turnover by composition and climatic affinity across scales in an alpine system”

For a given species, distribution defines the climate niche mean (CNM), High & Low T, moisture

For a given location, weighted average of CNMs defines CNM for that transect, etc.

How well does CNM correlate with elevation?

Take-home messages
• Climatic  filtering is stronger at 

broader spatial scales
• Microclimate and site-specific factors 

may be stronger at smaller scales
• As much variation over 100 meters 

horizontally as 100 m vertically
• Need to consider spatial scale when 

predicting effects of climate change on 
alpine communities



Goff, et al* “Stability of alpine plant communities over time in western North America”

For 29 summits species gain/losses were compared over 5-year resurvey intervals

Abundances & gains/losses were viewed in terms of functional groups, as well as individuals

Take-home messages
• No significant net change in species richness
• Species richness stability is due to offsetting gains/loses
• Some losses and gains, but no pattern clearly attributable to 

climate change
• Different time scales for dispersal, establishment, extinction
• Most alpine plants are resilient, persistent in the face of change
• Insufficient time for climate-change effects to predominate?

Brian Smithers
Montana State U

Meagan Oldfather
USGS

Michael Koontz
CU Boulder

Jim & Catie Bishop
GLORIA Great Basin

Kaleb Goff
NC State

Mary Burke
GLORIA Great Basin

Jan Nachlinger
GLORIA Great Basin

Seema Sheth
NC State

*



So what do we have?...a long-term 
                                           project
Mature, well-practiced methodology

Good progress in data analysis and science

Dozens of study sites in a variety of environments

Good measures of inherent noise in the data

Strong organization to sustain the resurveys,
  including our Peak Opportunity Fellowships
  (a week in the field with us for 3 young students)

Excellent botanical database
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