
 
Factors that enhance adaptive capacity:

Factors that undermine adaptive capacity:

Alpine & Subalpine Habitats 
Climate Vulnerability Assessment and Adaptation Strategies for Hawai‘i AT 
VULNERABILITY

Drivers of Habitat Vulnerability
• Climatic factors and disturbance 

regimes: Precipitation, wind & circulation, 
air temperature, solar radiation, wildfire, 
disease, volcanic activity  
• Non-climate factors: Roads/highways/

trails, recreation, development, invasive 
species (social insects, ungulates, 
mammalian predators, trees/shrubs, 
flammable grasses, pathogens/parasites), 
agriculture, military activity  

Alpine and subalpine habitats are sensitive to factors that contribute 
to water and thermal stress and allow the expansion of invasive 
species, as well as disturbance events (e.g., wildfire, disease, 
volcanic activity) that cause plant injury/mortality and allow invasive 
plants to become established. Non-climate stressors reduce habitat 
extent and fragment or degrade habitat areas by introducing 
pollutants and increasing wildfire risk and erosion. Invasive species 
cause damage or mortality in native species, inhibit recruitment, and 
increase resource competition, and also alter disturbance regimes, 
surface hydrology, and ecosystem processes. Because there is little 
potential for upslope habitat migration, management focuses on 
minimizing non-climate stressors and restoring native species in 
degraded habitats. 

PROJECTED FUTURE 
CHANGES 

POTENTIAL IMPACTS ON ALPINE & SUBALPINE 
HABITATS 

Reduced 
precipitation 
Reduced rainfall and loss 
of snow at high 
elevations 

•  Increased native plant mortality due 
to water stress, though some species 
exhibit traits that increase drought 
tolerance 
• Fewer māmane seed pods during 
years of low precipitation 
• Reduced surface area of Lake Wai‘au 
and Pu‘upōkahu under dry conditions  

Changes in wind and 
circulation 

• Reduced rainfall, humidity, and soil 
moisture and increased solar 
radiation, increasing plant water 
stress and preventing upslope shifts 
in species distribution 

Increased air 
temperatures and  
solar radiation 
+3.0°C (5.4°F) to +3.5°C 
(6.3°F) at elevations over 
3,000 m (10,000 ft) 

• Loss of permafrost on Mauna Kea and 
Mauna Loa 
•  Increased resource competition and 
predation from invasive species as 
less freezing occurs 
• Decreased generation times and 
shifts in food sources for native 
arthropods 

Increased wildfire •  Increased invasive grass colonization, 
perpetuating shifts in wildfire; 
increased erosion 

Increased disease • Shifts in species composition and 
possible extirpation due to 
expanding disease ranges 

HABITAT DESCRIPTION 
Alpine and subalpine habitats are found in high-elevation areas on the island of Hawai‘i, 
primarily on Mauna Loa and Mauna Kea. These habitats mostly lie above the mean height 
of the trade wind inversion, and so are arid with very little precipitation or fog. Vegetation is 
primarily limited by moisture availability. Alpine communities are found above the tree line 
up to the summits of Mauna Loa, Mauna Kea, and Hualālai over 3,000 m (10,000 ft). These 
habitats are dry and semi-barren with large pu‘u (cinder cones) scattered throughout and 
many endemic and highly specialized species adapted to extreme isolation. Subalpine 
communities lie between 2,000 and 3,000 m (6,560 to 10,000 ft), and may consist of 
shrublands, grasslands, and forests with sparse, short trees and shrubs. These habitats 
support native species such as Mauna Kea silversword (Argyroxiphium sandwicense ssp. 
sandwicense) and aweoweo (Chenopodium oahuense).  

HABITAT VULNERABILITY 

 Low     Moderate           High 

ADAPTIVE CAPACITY 

+ Many highly specialized and endemic 
species due to harsh conditions and 
habitat isolation  

+ High phenotypic plasticity and rapid 
microevolution within many groups (e.g., 
silverswords, lobeliads) 

+ High level of societal and public support  
+ Most areas are managed as public land 
+ Successful habitat restoration and rare 

species reintroductions are occurring 

-  Severe habitat degradation has occurred 
-  Slow growth rates limit recovery from 

disturbance 
-  Little to no possibility of upslope habitat 

shifts 
-  Resistance to climate impacts largely 

dependent on ongoing habitat 
protection and management 

-  Specialized species are vulnerable to 
water stress and eventual loss of refugia  



ADAPTATION STRATEGIES FOR ALPINE & SUBALPINE HABITATS 

 
 

Types of Adaptation Approaches Adaptation Strategy Specific Action

Resistance: Prevent climate change 
from affecting a resource. 
Near-term approach 

Minimize the impacts 
of non-native species 

•  Remove ungulates and erect fencing to 
protect subalpine habitats 

•  Increase public awareness of invasive 
species risk and spread 

Resilience: Help resources weather 
climate change by avoiding the effects 
of or recovering from changes 
Near- to mid-term approach 

Increase public 
understanding of 
alpine/subalpine 
habitats to decrease 
stress on these 
systems 

•  Increase stewardship of nearby, human-
inhabited local conservation lands 

•  Create remote sites and viewpoints that 
have sightlines of alpine/subalpine habitats 
and post public signage about the natural 
and cultural importance of habitats 

Response: Intentionally accommodate 
change and adaptively respond to 
variable conditions 
Long-term approach 

Use assisted 
colonization to 
restore rare species 

•  Release rare species into suitable habitat 
and monitor survival, dispersal, 
reproductive success, abundance, and 
genetic diversity 

Knowledge: Gather information about 
climate impacts and/or management 
effectiveness in addressing climate 
challenges 
Near- to long-term approach 

Gather information 
on fire vulnerability/ 
resilience in native 
forests 

•  Research which native species are fire-
tolerant and are appropriate for pre- and 
post-burn planting, taking climate change 
into consideration 

Collaboration: Coordinate efforts and 
capacity across landscapes and 
agencies 
Near- to long-term approach 

Coordinate with 
multiple landowners 

•  Collaborate with ranchers to contain 
ranching activities and minimize 
disturbance in subalpine habitats 
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Low                                   Moderate                 High 

Low F/High E High F/High E

Mod F/Mod E

Low F/Low E High F/Low E

Remove ungulates and erect fencing 
to protect subalpine habitats 

Collaborate with ranchers to contain 
ranching activities and minimize 
disturbance in subalpine habitats 

Increase stewardship of nearby, 
human-inhabited local conservation 

lands 

Create remote sites and viewpoints that 
have sightlines of alpine/subalpine 

habitats and post public signage about 
the natural and cultural importance of 

habitats 

Increase awareness of invasive 
species risk and spread 

Release rare species into suitable 
habitat and monitor survival, 

dispersal, reproductive success, 
abundance, and genetic diversity 

Research which native species are fire 
tolerant and are appropriate for pre- 

and post-burn planting, taking 
climate change into consideration 
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FEASIBILITY 
Ease of action implementation 

Further information and citations can be found in the Hawaiian Islands Climate Vulnerability and Adaptation Synthesis and 
other products available online at www.bit.ly/HawaiiClimate. 
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