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We examined two species whose mean crown dimensions respond quite 

differently to density: lodgepole pine (Pinus contorta var. latifolia Engelm.) 

and subalpine fir (Abies /asiocarpa (Hook.) Nutt.). Long and Smith (in press 

b) reported that the LAI of lodgepole pine is independent of stand density, 

indicating that changes in mean leaf area closely compensate for changes in 

tree number. Further, Jack and Long (in press) reported that mean crown 

dimensions of lodgepole pine were more responsive to density than mean 

crown dimensions of subalpine fir (i.e., lodgepole pine crown dimensions are 

more plastic) . If the relationships between mean leaf area and density are 

similar to those between mean crown dimensions and density, then the mean 

leaf area of subalpine fir will also be less responsive to density. If so, 

subalpine fir may not maintain constant LAI across time or density, thus 

providing an exception to conventional wisdom . Such an exception would 

challenge the presumed generality of constant leaf area index during a 

considerable portion of stand development, and possibly also explanations for 

processes which assume that the amount of foliage remains constant. Our 

objective was therefore to examine the relationship between leaf area index 

and density for lodgepole pine and subalpine fir, and to investigate the effect 

of plastic mean leaf area on these relationships. 
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Material and Methods 

Lodgepole pine and subalpine fir differ in their crown morphologies and 

growth rates. Lodgepole pine is an extremely shade-intolerant, early 

successional species with spreading crown form, while subalpine fir is 

exceedingly shade-tolerant and has a long, narrow, spire-like crown form 

(Fowells 1965). In trees of equal sapwood area, subalpine fir supports 

substantially more leaf area than does lodgepole pine (Long and Smith 1989). 

Study plots were located in the Bear River Range of northern Utah ( 42° 

N, 111° W), about 65 km northeast of Logan, UT, U.S.A. The plots were 

situated on a broad plateau-like ridge at an elevation of approximately 2500 

m. The climate is typical of the central Rocky Mountains with mean January 

and August temperatures of -11 and 17 °C, respectively, and 104 cm average 

annual precipitation, primarily as winter snow. Further climatic information and 

general ecological characteristics are found in Hart and Lomas (1979) and 

Schimpf et al. (1980). 

The 57 sample plots, 34 dominated by lodgepole pine and 23 dominated 

by subalpine fir, were located in unmanaged natural stands with a range of 

densities (Table 2.1 ). The dominant species in a plot was considered to be 

one that contributed at least 75% of the plot basal area (cumulative cross­

sectional area of all stems at height of 1.3 m). Plot area varied to include 30-

40 live trees per plot. At each plot, several measurements were recorded for 
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all live trees taller than breast height (1.3 m), including diameter at breast 

height (DBH), total height and height to the base of the live crown. 

Additionally, two increment cores were taken at right angles to each other at 

breast height on each tree, and the boundary between sapwood and 

heartwood was marked. Sapwood cross sectional area was calculated using 

the average width of sapwood from the two cores by assuming circular cross 

section. Projected leaf area was estimated for each tree utilizing the 

equations of Dean and Long (1986) for lodgepole pine and Long and Smith 

(1989) for subalpine fir. LAI was calculated as the sum of the individual tree 

leaf areas divided by plot area. 

All live trees on each plot were classified either as members of the 

overstory or understory based on their position relative to the main canopy. 

The crowns of those trees classified as understory did not appear to be 

mechanically interacting with the crowns of the overstory trees. The overstory 

trees on average represented 79% and 74% of all live trees on the pine and 

fir plots, respectively. Plot characteristics for the overstory trees are 

summarized in Table 2.1. Plot averages were calculated using only the 

overstory trees in order to consider just those trees comprising the main 

canopy. Stand top height was calculated as the average height of the tallest 

20% of the overstory trees on each plot. 


