
The majority of forests in Yellowstone occur on moist, 

north facing slopes and in riparian zones (Houston 1982; 

Despain 1990). Over the past century conifers have 

advanced into grasslands of Yellowstone and other parts 

of the west (Mast et al. 1998) .  Typically, advancement 

has occurred in areas of mesic north aspects and in 

riparian zones.  Today, expansion continues in these 

settings but also occurs in more xeric locations. 

The objectives of this study were to identify constraints 

that determine the location of current forests along the 

lower treeline ecotone and also evaluate what factors 

may be aiding conifer advancement into more xeric 

areas.  Based on visual analysis of conifers in the region, 

it appears that rockiness is a factor influencing tree 

location and subsequent advancement.  I hypothesize 

that conifer forests outside north aspects and riparian 

zones, in northern Yellowstone, are confined to areas of 

rocky substrate. I also hypothesize that advancement of 

conifers into grasslands has occurred in areas of 

rockiness. 

I originally hypothesized that conifers along the ecotone 

would be confined to north aspects, riparian zones and 

areas of rocky substrate.  In accordance with my 

hypothesis, conifers were mainly restricted to those three 

mediums.  Most forests (63%) were located on moist 

north-facing slopes (55.4%) and in riparian zones (7.6%), 

with rocky substrate explaining an additional 28% of 

forested areas.  A total of 91% of forested area was 

explained by the model.

Contrary to my second hypothesis, total forest cover on 

rocky substrate decreased from 18.5% in 1954 to 16.6% 

in 2006.  This decrease was a result of disturbance along 

the ecotone.
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Photo pair of advancing lower treeline in northern Yellowstone National Park.  The top 

photograph was taken in 1930 and the bottom in 2004.  

ENVI feature extraction of conifer and non conifer cover.

Extent of forest outside north aspects, riparian 

zones and areas of rockiness.  The top image 

shows the extent of forest in 1954 and the bottom 

in 2006.  White areas are locations of north 

aspects and riparian zones that were eliminated 

from the study. Little to no advancement of conifers 

into grasslands has occurred in non-rocky areas.

The image on the left shows a sample of the extent of the ecotone on rocky substrate in 

1954.  The image on the right shows the same extent of the ecotone in 2006.  Notice the 

lack of trees in 2006 due to disturbance.  

Despite an overall decrease in conifer cover due to 

disturbance along the ecotone, areas of rocky substrate 

exhibited noticeable conifer advancement.  No 

substantial advancement of conifers occurred along the 

ecotone in non rocky areas.

The top image shows the extent of the ecotone on 

rocky substrate in 1954.  The bottom image shows 

the same extent in 2006.  Notice the infill of new 

conifers.

The results of this study indicate that rocky substrate in 

Northern Yellowstone National Park is a strong 

determinant of conifer location along the forest/grassland 

ecotone.  Outside of north aspects and riparian zones, 

nearly 30% of the Northern Range forest is located on 

areas of rockiness.  This research demonstrates that 

lower treeline ecotones are increasingly complex.  An 

intricate combination of edaphic, climatic and biological 

processes and factors determine the spatial pattern of 

forest/grassland ecotones.  This study provides a better 

understanding of lower treeline environments and 

contributes an important theoretical concept that merits 

consideration in future treeline studies.

A GIS model was created to evaluate the spatial 

distribution of current vegetation along the ecotone.  

Vegetation data along with soil and geology data were 

evaluated to identify conifers on rocky substrate.  A 30 m 

DEM was also used to calculate north-facing slopes 

(315˚– 45˚) and identify forest cover between 1830 and 

2440 m.  Riparian areas were calculated by buffering 

rivers and streams and 1988 fire data were used to 

eliminate areas of disturbance.  

Aerial photographs from 1954 and NAIP imagery from 

2006 were used to analyze conifer change along the 

ecotone.  The images were geometrically processed and 

classified with both unsupervised and supervised 

classifications.  Classification through feature extraction 

was ultimately used.  The results of the classification 

were analyzed with Fragstats. 
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