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Objectives 

The purpose of the National Park Service (NPS) Inventory 
& Monitoring (I&M) Program is to develop and provide 
scientifically credible information on the current status 
and long-term trends of the composition, structure, and 
function of park ecosystems, and to determine how well 
current management practices are sustaining those eco-
systems. The Rocky Mountain I&M Network (ROMN) 
identified vegetation composition, structure, and soils as 
a vital sign that can be used to better understand the 
condition of park ecosystems. The alpine, defined as the 
vegetation communities that exist above tree line, is rep-
resented in three of the ROMN parks: Glacier National 
Park, Rocky Mountain National Park and Great Sand 
Dunes National Park at 28%, 20%, and 3% land cover, 
respectively. The ROMN selected alpine ecosystems as an 
important monitoring target in these parks for a number 
of reasons, including their value to park visitors, wildlife, 
and water resources in the West and because the alpine 
is particularly vulnerable to climate change.  

Methods 

The long-term goal of our alpine monitoring efforts is to 
understand status and trends in alpine vegetation, soils, 
and climate. Our specific objectives at the four sentinel 
sites are to determine the status and trends in : 

1. vegetation composition and structure  
2. cover of invasive exotic plant species  
3. soil temperature and snow cover  
4. soil condition   
5. natural and human disturbance   

December 2009 

The ROMN adapted an alpine monitoring protocol from the 
Global Observation Research Initiative in Alpine Environ-
ments (GLORIA), an international monitoring network es-
tablished in 2001 to assess and predict biodiversity and 
temperature changes in alpine communities in response to 
broad drivers such as climate (Pauli et al. 2004). The goals 
of the GLORIA program include providing a global baseline 
for vegetation monitoring in alpine environments and as-
sessing the risks of biodiversity loss and ecosystem instabil-
ity from climate change. The methodology is extended by 
cooperators, such as the ROMN, to create a long-term 
monitoring network at the global scale. The ROMN Alpine 
Vegetation Composition, Structure, and Soils protocol fol-
lows the GLORIA design and implementation but adds com-
ponents such as monitoring of soil condition, treeline, and 
human disturbances (Ashton et al., 2010). 

The sampling design (Grabherr et al. 2000) consists of es-
tablishing four sentinel sites in the alpine on peaks repre-
senting an elevation gradient within a park.  The sites are 
established on the top of the peaks and the summits vary 
from just above treeline to the highest life zones of vegeta-
tion. Within one region, all four summits share qualitatively 
similar geology, climate, disturbance, and land-use history 
and vegetation differences among the summits within a 
region should be driven primarily by elevation. 

Phyllis Pineda-Bovin on the east side of PAD peak in Great Sand Dunes National Park and Preserve 
(July 2009, Photograph by Isabel Ashton). The peak is flat and well vegetated compared to the 
others in the region and in Rocky Mountain National Park. 

Four common alpine species found at Great Sand Dunes National Park and Preserve.Clockwise 
from upper left Tetraneuris brandegeei (Brandegee's four-nerve daisy), Silene acaulis var. suba-
caulescens (moss campion), Eritrichium nanum (Alpine forget-me-not), and Castilleja haydeni 
(Hayden’s Indian Paintbrush). (July 2009; photographs by Phyllis Pineda Bovin and Isabel Ashton) 
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This Protocol Summary on Alpine Monitor-
ing  is published as the first of a periodic 
series for our friends and partners within the 
Rocky Mountain Network. 
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Region Summit Elevation 
(m) 

Average 
percent 
cover of 
solid rock 
and scree 

(%) 

Number of 
vascular plant 

species 

Number of  
exotic plant 

species 

RMN GLA 3862 67 64 0 

 PIK 3715 38 58 0 

 VQS 3623 40 61 0 

 JSM 3520 41 62 1 

GSD SIX 4000 56 46 0 

 PAD 3870 33 51 0 

 MUD 3700 47 54 1 

 HUK 3550 49 60 1 

In 2009, we  completed the first full season of field work 
at ROMO and GRSA. At both sites, we found a diverse 
plant community typically of dry tundra. Kobresia myo-
suroides, an alpine sedge, was one of the most common 
species on all the summits. Wildflowers, sedges, and 
graminoids dominated the vegetation but there were a 
few rare cases of woody shrubs and trees at the lowest 
peaks in each park.  We found 83 and 106 vascular plant 
species at GRSA and ROMO, respectively and only one 
exotic species, Taraxicum officinale (dandelion).  

The soils were generally thin but stable, and human and 
herbivore disturbance was minimal. The most common 
natural disturbance was soil disturbance from rodents and 
elk. Our assessment of human disturbance does not in-
clude potential affects from warming or pollution in the 
form of nitrogen deposition.   

December 2009 

The Rocky Mountain Network will continue to monitoring 
these alpine sentinel sites with a particular focus of spe-
cies diversity, climate change, and the effects of nitrogen 
deposition. We will measure vegetation composition once 
every five years and data from the temperature loggers 
will be downloaded and  analyzed every summer.  
 
By participating in the GLORIA network and using an stan-
dardized international protocol, we will be able to compare 
the status and trends in our parks with data from existing  
GLORIA sites in the Rocky Mountains, potential sites in 
other parks, and sites from around the globe.  

Soil temperatures were 
very cold in the alpine 
and remained below 
freezing for most of the 
period between October 
and May. Snow cover on 
the east and south side of 
the highest peak at 
ROMO insulated the 
ground and dampened 
the  swings in daily tem-
perature. The alpine has 
a short and much warmer growing season that typically 
begins in late June and lasts to mid-August.  
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