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ABSTRACT 

A study was made of tree and stand characteristics 

of bristlecone pine (Pinus longaeva Bailey) as they relate 

to environmental factors and soil properties in east-central 

Nevada. The pine sites studied were located on comparatively 

dry, rocky, exposed mountain slopes in the 9,000- to 11,000-

feet elevation zone. 

The tree-growth characteristics studied were height, 

diameter, live bark index, percent of live crown, and two 

tree-ring parameters: mean ring width and mean sensitivity. 

Stand characteristics measured were basal area cover, den

sity, and tree-spacing. Associated vegetation was identified 

and Inventoried. Environmental factors and soil properties 

measured were percent slope, exposure, soil parent material, 

stone content, soil pH, total nitrogen, organic carbon, and 

clay. 

Bristlecone pine was found on two geologic substrates 

in the study areas—quartzite glacial moraine and limestone. 

The two substrates are similar in that they both appear to 

be excessively well drained because of high porosity of the 

geologic materials. Bristlecone pine was lacking on sites 

underlain by quartzite bedrock except for isolated trees on 

exposed outcrops. 

xlil 
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Bristlecone pine often constitutes only a small per

centage of the total cover on the more favorable sites with

in its tolerance range. On such sites limber pine (Pinus 

flexills James) and Engelmann spruce (Ficea Engelmanni Parry) 

generally dominate the stands. Bristlecone pine's subordi

nate status on sites where growing conditions are relatively 

good (and stands are denser) is perhaps indicative of the 

species' intolerance of shade. On the more adverse sites 

bristlecone pine often forms essentially pure, although 

sparse, stands. 

Regression analyses (both simple and multiple) and 

analyses of variance revealed that tree growth, as measured 

by mean ring width and tree height, was better on sites where 

moisture conditions were favorable, e.g. , on north and east 

exposures as opposed to south and west exposures, and where 

soils were high in organic carbon, nitrogen, and clay. Year 

to year variability in growth, as measured by mean sensitiv

ity, was greatest on sites with steep south- or west-facing 

slopes and where soils were lowest in nitrogen, organic car

bon, and clay, and highest in stone content. These results 

indicate that tree growth on these adverse sites appears to 

reflect climatic fluctuations more so than trees on the rela

tively good sites. 

Leaf water potential of bristlecone pine and asso

ciated plants was measured both in the field and under 



XV 

controlled conditions in the laboratory. Results indicate 

that bristlecone pine apparently has the capacity to with

stand high internal water stress in comparison to other non-

desert conifers. Furthermore, the trees appear to be able 

to maintain lower leaf-water stress than some associated 

plants growing under similar conditions. These features may 

account in part for bristlecone pine's dominance on the 

harsher sites. 



INTRODUCTION 

Bristlecone pine, Pinus longaeva Bailey,1 occurs in 

three states of the Southwest: Utah, Nevada, and California 

(Bailey, 1970) (Figure 1). The species, having a narrow 

ecologic amplitude, is normally found on dry, rocky mountain 

slopes in the transition zone between subalpine forests and 

alpine tundra-

Owing to the isolated nature of its habitats and its 

low value as a timber species, bristlecone pine attracted 

little public attention until Schulman and Ferguson (1956) 

reported several individuals in the White Mountains of Cali

fornia that were over 4,000 years old. Since that time, con

siderable interest in this unique species has been shown both 

by scientists and recreationists. 

Interest in bristlecone pine spread from California 

to east-central Nevada when Currey (1965) reported discover

ing a tree that was 4,900 years old near Wheeler Peak on the 

Humboldt National Forest. Currey's discovery served to in

tensify interest in the species and pointed out a need to 

further protect and develop the bristlecone pine stands. Much 

1. D. K. Bailey (1970) demonstrated several important 
differences between the "Great Basin" bristlecone pines and 
the "Rocky Mountain" bristlecone pines (Pinus aristata) as 
described by Engelmann. He proposed that the Great Basin 
population be considered a separate species, viz., Pinus 
longaeva Bailey. 

1 
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Figure 1. Geographic distribution of the "Great Basin" bris-
tlecone pines according to Bailey (1970). 
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remains to be learned about the physiological and ecological 

factors that enable bristlecone pine to survive and endure 

for hundreds of years In the harshest of environments. 

The objective of this study was to relate growth and 

distribution of bristlecone pine in east-central Nevada to 

environmental factors. This overall objective entailed two 

specific phases: 

(1) To group bristlecone pines in the study area into 

homogeneous stands (subsequently referred to as sites) and to 

characterize the abiotic and biotic environment of each dis

tinct stand type. 

(2) To identify environmental factors which influence 

the growth and distribution of bristlecone pines in the study 

areas and to determine the functional relationships between 

these environmental factors and tree and stand characteris

tics. 



LITERATURE REVIEW 

Countless ecological studies concerning the flora of 

North America are recorded in the literature. This vast 

store of ecological work includes studies on practically 

every major tree species in the United States. The methods 

and procedures utilized in these studies are as diversified 

as the types of vegetation involved. 

Although numerous articles of a laudatory and de

scriptive nature have been written about the awe-inspiring 

bristlecone pines, only a few detailed ecological studies 

(Pritts, 1969; Wright, 1963) have been reported. Consequently, 

a review of literature essentially entails a separate inves

tigation into each of the factors thought to be important in 

the distribution and development of bristlecone pine, or 

otherwise pertinent to this study. 

Site Classification 

Foresters and plant ecologists have long been in

terested in classifying units of land according to their 

capacity for producing various types of vegetation. Many 

different approaches have been utilized in site classifica

tion. In some cases existing vegetation has been used as an 

index of site quality (Baker, 1950; Cajander, 1926; Dauben-

mire, 1962; Relneke, 1933). Other methods utilize certain 

4 
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characteristics of the environment such as topography, soils, 

parent materials, climate, etc., to predict the productive 

capacity of a prescribed area (Carmean, 195^; Coile and 

Schumacher, 1953; Doollttle, 1957; Nash, 1963; Zahner, 1954). 

Some of the more complex methods of site evaluation employ 

both existing vegetation and environmental features accord

ing to the concept of "total site" (Hills, 1952; Hills and 

Pierpoint, i960). 

Foresters have used site classification in an attempt 

to obtain maximum timber production on their lands; whereas 

plant ecologists are interested in assessing relationships 

between plant communities and their controlling environment. 

Dendrochronologists and dendroclimatologlsts utilize site 

evaluation in selecting areas which support trees whose 

annual growth rings are sensitive to climatic changes 

(Douglass, 1928; Ferguson, 1968, 1969; Fritts, 1969; Schulman, 

1956). Whatever the desired end might be, all site evalua

tion techniques are similar in that a finite, workable number 

of variables are used to indicate the quality of a specific 

area for supporting vegetation. 

Some environmental features correlate better with 

productivity than others. Auten (19^5), Copeland (1956), 

Gaiser (1950), Nash (1963), and Zahner (195*0 concluded that 

soil depth is a good indicator of site quality. Doolittle 

(1957) and Gaiser (1950) found that site index (height of 

dominant and codominant trees at a given age) decreases with 
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increased distance upslope. Meyers and Van Deusen (I960) 

found that a combination of soil and topographic features, 

viz., soil depth to top of C horizon, slope position, slope 

percent, and aspect provided an excellent estimate of site 

index for ponderosa pine. In some cases the effects of steep

ness of slope and aspect are confounded with those of other 

variables and thus are not useful indices of site quality 

(Doolittle, 1957). Wilde (1964), studying a Wisconsin red 

pine plantation, found that nutrient deficiencies in the sur

face soil layers and low nutrient availability in the sub

strata were closely associated with low site index. 

These and other studies indicate that poor site 

quality (with regard to productivity) is generally associ

ated with steep slopes, high slope position, aspects of 

greatest solar radiation, and shallow nutrient-deficient 

soils. 

* 

Geologic Substrate 

It has been shown that within the geographic range 

of a particular plant species, differences in the bedrock 

geology or substrata from site to site are often overridden 

by other factors. For example, Shelford (1963) states that 

"Maple-beech forests occur on limestone, granite and shale 

residuals, glacial till of various types, floodplain deposits 

of various types, wind-blown sand, and peat." Franklin 

(1965), in classifying ecological provinces within the true 
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fir-hemlock forests of the Pacific Northwest, found that 

bounderles of the provinces and geological units do not 

necessarily coincide because other factors such as soils and 

climate override differences in substrata. However, Shelford 

(1963) maintained that the substratum may at times impose 

limitations on the vigor of individual plants and on plant 

density. 

Variations in substrate from site to site are not 

always negated by other factors. Wright (1963) found 

bristlecone pine growing on three geologic materials— 

dolomltic limestone, granite, and sandstone—in the White 

Mountains of California. He found, however, that bristle-

cone pine was restricted principally to the dolomite parent 

material. Wright stated that one reason for the abundance 

of bristlecone pine on dolomite is perhaps that dolomite, 

being white in color, is cooler than the darker granite and 

sandstone materials because of greater light reflectance; 

consequently, the moisture content in soils weathered from 

dolomite is higher than in soils derived from either granite 

or sandstone. However, Fritts (1969), working in the same 

area, found that bristlecone pine trees growing on granitic 

and sandstone soils had wider rings, fewer missing rings, and 

higher serial correlation than did trees growing on dolomite, 

indicating that "yearly variations in moisture for sandstone 

and granite are less limiting to ring growth than on dolomite 

sites" (p. 37). He suggested that unfavorable site conditions, 
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including competition, on sandstone and granite substrates 

at the seedling level may prevent the establishment of dense 

stands of bristlecone pine. 

In some cases contrasting chemical composition of 

parent rocks is reflected to such an extent in the soils that 

a discrete ecotone between contiguous communities coincides 

with a contact zone between two parent materials. This is a 

common occurrence in areas of the West where complex patterns 

of geologic substrata exist (Krause, 1958; Rune, 1953; Patten, 

1963; Whittaker, i960). 

Walker (1954) and Vlamis and Jenny (19^8) concluded 

that soils developed from ultra basic rocks (dunite, perido-

tite, and serpentinite) are highly infertile, being low in 

nitrogen, phosphorus, and calcium. Wilde (1958), in describ

ing differences in chemical composition of various parent 

materials, noted that serpentine often gives rise to shallow 

soils with poor physical characteristics and low nutrient con

tent. He further stated that pure limestone weathers rapidly 

but produces infertile soils low in phosphorus and potassium, 

while soft limestones "rich in clay and accessory minerals" 

often weather into fertile soils. 

The chemical composition of parent rock in conjunc

tion with the other factors of soil formation, viz., climate, 

organisms, topography, and time determines the ultimate chem

ical and physical makeup of the residual soil (Hilgard, 191^; 

Jenny, 19^1). Bamberg and Major (1968) established a strong 
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correlation of soils and vegetation with calcareous parent 

materials in a Montana alpine region. They maintained, how

ever, that it was unsafe to assume that parent material alone 

caused the differences in vegetation. Major (1961) affirmed 

that causation is not always a practical tool to rely on in 

ecological studies. 

Olson and Crockett (1965), in assessing the reasons 

for non-forested openings within a forested area of western 

Idaho, concluded that rapid weathering of the smaller labra-

dorite crystals that characterize the basaltic substrate of 

the forests resulted in deeper soil development than with 

the larger crystals that compose the similar basaltic sub

strate of the non-forested openings. 

Wind 

Wind has long been recognized as an important eco-

logic factor, especially on flat plains, coastal areas, and 

in high mountains. Wind increases transpiration, depresses 

photosynthesis, and is often responsible for direct physical 

damage to the plant either through breakage or abrasion by 

windblown ice, snow, or sand (Daubenmire, 1967; Satoo, 1962). 

Satoo found that growth of black locust seedlings was sup

pressed by wind, especially at low soil moisture levels. 

Physical damage to plants is generally associated 

with extreme wind velocities rather than with the mean; con

sequently, the usefulness of totalizing anemometers is 
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limited. A common method for assessing the effects of wind-

driven ice and snow with respect to physical abrasion of 

plants utilizes redwood stakes covered with a thin coat of 

paint. These stakes when partially driven into the ground 

at strategic locations provide an easy means of determining 

both the extent and direction of damage by abrasion (Kllkoff, 

1965). The same information, however, can be derived in ex

treme cases by observing exposed vegetation (Holroyd, 1970). 

This is especially true in high mountain areas. 

Soil Factors 

Physical Properties 

The moisture-supplying capacity of soil has long 

been considered one of its most important properties. With

out an adequate supply of water, plants could not utilize 

nutrients contained in the soil, nor could photosynthesis be 

carried on. Perhaps for these reasons Clements (1907) wrote 

the following statement: 

The responses of the plant to the water of its 
habitat are so numerous and so essential that 
water must be regarded as the most important of 
all factors which affect the plant. All indirect 
factors such as soil and wind can influence plants 
only through their action on water. 

Although many modern ecologists feel it is unwar

ranted to say that one of the essentials of plant growth is 

more "important" than the others (Daubenmire, 1967; Spurr, 

1964; Tisdale and Nelson, 1967), it is safe to say that there 

is often a factor that limits plant growth and development 
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to a greater degree than others in a given situation (Buck-, 

man and Brady, 1960; Kramer and Kozlowski, I960). Although 

the "law of the minimum" as originally enunciated in 1855 by 

Liebig is no longer considered wholly valid, it still retains-

a portion of its validity when interactions between single 
* 

factors are taken into account (Spurr, 1964). 

In many areas of the Southwest, soil moisture limits 

plant growth and development perhaps more than any single 

factor (Daubenmire, 1956; Fritts, 1966; Fritts et al„, 1965; 

Mace and Wagle, 1964). This was borne out in-the aforemen

tioned study by Wright (1963) dealing with bristlecone pine 

in the White Mountains of California. Using an infrared gas 

analyzer to determine apparent photosynthesis of bristlecone 

pine.seedlings under varying moisture levels, Wright found 

that photosynthesis was severely depressed when soil moisture 

declined to between 6 and 8 percent oven-dry weight. Field 

measurements of soil moisture showed that in dolomite soils 

the moisture level fell below 6 to 8 percent only on two 

dates but that on sandstone the moisture level dropped below 

this critical value on four dates. Wright concluded that 

small differences in soil moisture can cause large differ

ences in photosynthesis and that such differences did exist 

between soils derived from dolomite and sandstone. Fritts 

(1969) suggested that soil moisture deficits limit net photo

synthesis in bristlecone pines by reducing the cooling power 

of evapotranspiration, thereby increasing leaf temperatures. 
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Since tree growth for a given year is largely dependent upon 

food produced during May and June (the most active photosyn-

thetlc period), moisture deficits during that time period 

may have a greater effect on current year's growth than 

would a late season drought. 

Nash (1963) reported that soil moisture was a limit

ing factor in the growth of shortleaf pine in Missouri. Nash 

also found that stone content is an important factor in 

limiting soil moisture availability to plants. He stated 

(p. 23) that " where stones constitute a large portion of 

the soil profile, trees must utilize a larger soil volume in 

order to obtain the same amount of water. The wilting point 

of the soil with high stone content is reached more quickly." 

The study showed that moisture-holding capacity was inversely 

proportional to stone content. Nash, in the same study„ also 

found that slope, aspect, and soil texture have a significant 

effect on available soil moisture. The rate at which soil 

moisture Is depleted by evapotranspiratlon is directly re

lated to the intensity and duration of solar radiation. Con

sequently, the greatest rates of evapotranspiratlon—and 

soil moisture depletion—occur on sites having south and 

southwest aspects (in the northern hemisphere). Degree of. 

slope affects soil moisture in that the angle of Incidence of 

the sun's rays to the earth's surface determines the inten

sity of solar radiation. As the angle approaches normalcy, 
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the Intensity approaches its maximum on a given site. Slope 

also affects surface and subsurface runoff. 

Eis (1962), in investigating soil-vegetation rela

tionships in Canada, found that three soil variables—ground 

water, soil permeability, and percent soil moisture—accounted 

for 79 percent of the variability in site index among plant 

communities. 

Diller (1935) found that radial growth seemed to be 

correlated better with soil moisture than with seasonal pre

cipitation. He stated that excessive.droughts tend to affect 

the following season's growth more than the present year, 

but that unusually wet years result in increased growth dur

ing the current year. 

The importance of many soil factors is exhibited in 

their effect on soil moisture. Clay increases the water-

holding capacity of soils (Black, 1957; Pried and Broeshart, 

1967; Bassett, 1963; Dahl, Selmer-Anderssen, and Saether, 

1961). In soils with high clay content, however, root growth 

may be retarded and proper drainage impaired (McClurkin, 1953; 

Rose, 1966; Stoeckler and Bates, 1939; Tomey, 1929). 

Pritts and Holowaychuk (1959) found that moisture 

retained by a forest soil at the wilting point of oat seed

lings increased with depth and was directly proportional to 

percent of clay in the horizon. Field capacity, determined 

experimentally as the percent of moisture retained in the 
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soil after being subjected to 1/3 atmospheres tension, ex

hibited the same characteristic. 

Chemical Properties 

As previously discussed in the section on geologic 

substrate, parent rock often has a profound effect on the 

chemical composition of residual soils.. The nutrient status 

of a soil, however, may reflect other soil-forming factors 

even more so than parent materials (Bear, 1964; Daubenmire, 

1967; Tisdale and Nelson, 1967)= The biotic factor.affects 

soil development as organisms die, decompose, and become in

corporated with mineral particles (Buckman and Brady, I960; 

Pried and Broeshart, 1967; Jenny, 1941). The organic frac

tion has a marked effect on the cation exchange capacity of 

soils, with organic colloids averaging about 200 mllliequiv-

alents of exchangeable cations per gram (Bear, 1964; Buckman 

and Brady, I960). 

Soil reaction is affected by many factors. Numerous 

studies have shown that certain tree speciesj especially 

conifers, lower soil pH (Chandler, 1937 j Crocker and Major, 

1955; Lane, 1964)„ In contrast, most broad-leaved trees 

have an opposite effect on soil pH (Kittredge, 1948). In 

soils derived from limestone parent materiali reaction has 

also been found to become more acidic with sampling depth 

(Ovington, 1953; Shear and Stewart, 1934; Salisbury, 1922). 

Jenny (1941) found that soil pH decreased with depth in both 
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forest and prairie soils In a semiarid region to about 15 

inches and then increased abruptly with depth. Lane (1964) 

and ZInke (1962) found an increase in soil pH with distance 

from the trunks of several conifer species. Zinke and 

Crocker (1962), however, did not detect this relationship 

with giant sequoia trees« 

The effect of plant development and succession on 

soil properties in previously non-vegetated areas is well-

documented (Crocker and Major, 1955; Ovington, 1953; Sails-

bury, 1922). Crocker and Major (1955)3 in their classic 

study of plant succession as related to soil properties on 

recent glacial deposits in Alaska, found that soil nitrogen 

content increased with each stage of plant succession up to 

the transition from alder (Alnus tenuifolia Nutt.) to spruce 

(Picea sitchensls Carr.) The decrease in soil nitrogen at 

that point was attributed to the reduction in nitrogen-fixing 

mycorrhizae associated with the roots of alder. There was a 

marked decrease in soil pH as plant succession advanced from 

an initial condition of bare soil to a cover of alder. 

Soil nitrogen content varies directly with precipita

tion and inversely with temperature, other factors remaining 

constant. Jenny (19^1) found that a.linear relationship with 

a high degree of correlation exists between total soil nitro

gen and annual rainfall in the loess belt of the Middle West. 

Klemmedson and Jenny (1966) investigated the availability of 

nitrogen In relation to mean annual precipitation along a 
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precipitation gradient on the west slope of the Sierra 

Nevada while controlling the other factors of soil formation 

as much as possible. They concluded that soil nitrogen and 

availability of nitrogen are both significantly related to 

mean annual rainfall at the place of soil development. 

The inverse relationship of soil nitrogen and temper

ature appears to be related to more rapid decomposition of 

organic matter brought about by increased microbial activity 

at higher temperatures (Bear, 1964; Jenny, 19*11; Gillam, 

1939; Waksman and Gerretsen, 1931)• It follows, therefore, 

that factors which influence the moisture and temperature 

regimes of an area will indirectly affect soil nitrogen. 

Such factors include slope and aspect, elevation, soil depth 

and soil water retention, latitude, and slope curvature (both 

horizontal and vertical) (Bates and Tisdale, 1957; Pried and 

Broeshart, 1967; Morgan and Street, 1939). 

Factors which influence surface and subsurface run

off also affect soil nitrogen by physically influencing the 

leaching and erosion of organic matter and clay. Haupt 

(1956) found that soil nitrogen was significantly reduced by 

erosion on cheatgrass brome range in southern Idaho. He also 

found soil nitrogen loss to be inversely related to plant and 

litter cover. Young (19^3) found that soil nitrogen on 

eroded sites was half that of non-eroded sites of similar 

aspect. He attributed the difference to erosion induced by 

overgrazing. Aandahl (19^9) found that organic matter and 
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nitrogen were higher in soils located in depressions and 

were significantly reduced in soils located on steep slopes. 

He noted that length of slope and vertical and horizontal 

curvature were important with respect to soil nitrogen. 

As a soil approaches maturity, clay content in

creases (Bear, 1964; Jenny, 19*11). In addition to improv

ing the moisture-holding capacity of the soil, clay also 

increases the cation exchange capacity of the soil (Buckman 

and Brady, I960; Bear, 1964). The clay and organic makeup of 

the soils then act as a reservoir for nutrient cations re

tarding their movement out of the profile (Buckman and Brady, 

I960; Black, 1957). 

Plant-Water Relations 

Many studies have been made on internal water rela

tions of plants in general and on measuring plant-water 

potential in particular (Boyer, 1965, 1966; Gardner and 

Ehllg, 1965; Gardner and Rawlins, 1965; Kozlowskl, 1964; 

Kramer, 1963; Scholander et al., 1964, 1965, 1966; Slayter, 

1967; Sutcliffe, 1968)0 Scholander et al. (1965) developed 

a device referred to as a "pressure bomb" which provided a 

quick and easy method of directly measuring sap pressure 

which can be used for accurately estimating plant-water po

tential in the lab or in the field. Another technique for 

measuring plant-water potential which has been found to be 
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especially well-suited for field use is the Schardakow or 

dye method (Knipling, 1967)• 

The internal water status of a plant at any given 

time depends on two sets of factors: (1) potential trans

piration rate as governed by external forces such as air 

temperature, wind, vapor pressure deficit, and net radiation; 

and (2) the supply function as governed by soil moisture and 

soil moisture tension, plant-water potential, or the abil

ity of a plant to extract water from the soil, and the re

sistance to waterflow within the plant, including the effect 

of stomatal aperture (Cowan, 1965). Consequently, it is 

easily understood how the water balance of a plant is con

stantly changing. Klepper (1968) observed a marked diurnal 

fluctuation in the water potential of pear trees (Pyrus com

munis L. var. Williams' Bon Chretien) and apricot (Prunus 

armeniaca L. var. Trevatt). Klepper also noted a difference 

in water potential between leaves in the sun and those in 

the shade, with the leaves on the west side of trees showing 

a higher mean water potential due to their longer exposure to 

direct solar radiation. Klepper concluded that since daytime 

measurements of water potential reflect a dominance of atmo

spheric conditions and night readings reflect dominance of 

the soil moisture status, nighttime measurement of water po

tential would be best when soil moisture-plant growth corre

lations are desired. 
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Many investigators have shown that the ability of a 

plant to develop a high internal water potential often de

termines whether the plant will survive periods of extreme 

soil moisture stress (Davis, 19*12; Kozlowski, 1964; Slayter, 

1967; Gates, 1955; Bernstein, 1961). Some desert plants are 

especially well adapted to withstand high soil moisture 

stress. Scholander et al. (1965) obtained a water potential 

value of 81 atmospheres on a branch of creosote bush [Larrea 

tridentata (DC) Coville], a species indigenous to extremely 

dry sites of the Southwest. 

Tree Growth and Development 

Growth rings reflect all of the internal and external 

forces that govern the processes of growth (Kramer and Koz

lowski, I960). Many studies have been conducted on the fac

tors that influence lateral growth of trees, especially as 

related to soil moisture which is often a limiting factor 

(Bassett, 1963; Fritts, 1969; Slayter, 1967). Recent studies 

indicate that when soil moisture is limiting, most cell 

growth occurs during the night and early morning (Kozlowski 

and Winget, 1964). However, Wilson (1966) found that mitotic 

activity was greatest in the late afternoon. There is some 

evidence, however, that there is a time lag in growth re

sponse to moisture stress with distance down from the tree 

crown (Kozlowski, 1964). Studies of mitosis in the vascular 

camblal cells have shown that the rate of cell division 
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decreases in midsummer as high internal water stresses devel

op in the xylem (Bannan, 1962; Wilson, 1966). It is felt 

that during these periods of high stress the cells are not 

completely rehydrated even during the night (Zahner, 1963). 

Periods of high water stress have a pronounced effect 

on the size and number of xylem cells as well as cell wall 

thickness (Fritts, 1969; Kraus and Spurr, 1961). As water 

stress becomes more severe, there is a reduction in number 

and size of cells formed and an increase in cell wall thick

ness (Whitmore and Zahner, 1966; Shepherd, 1964). The widths 

of resulting growth rings will depend on the severity and 

duration of the periods of high internal water stress. 

According to some workers, earlywood production appears to 

be a function of the moisture supply of the previous winter 

and spring; whereas latewood is dependent upon the moisture 

status of the current growing season (Chalk, 1951; Kraus and 

Spurr, 1961; Zahner, 1962; Zahner and Oliver, 1962). Pritts 

(1969) reported on an intensive study of the relationships 

between ring growth of bristlecone pine and certain climatic 

and site variables. He found that ring growth of bristlecone 

pine was correlated with the moisture conditions of the pre

vious late summer and autumn, the previous winter tempera- . 

tures, and the soil moisture status during May and June just 

prior to growth initiation. 

Often the climatic conditions can be such that there 

will be a discontinuous ring or no ring at all formed for a 
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particular year (Schulman, 1956; Stallings, I960; Stokes and 

Smiley, 1958). 

The relationship between climate and tree rings 

formed the basis for the development of the science of 

dendrochronology by Andrew E. Douglass in the early 1900's 

(Schulman, 1956; Stallings, I960). Dendrochronology and its 

application to other fields has continued to develop since 

its inception. Methods of quantitatively deriving and test

ing tree-ring parameters have been developed (Schulman, 1956) 

and are constantly being refined (Bryson and Dutton, 1961; 

Fritts, 1962,1963, 1966; Pritts, Mosimann, and Bottorff, 1969 

Matalas, 1962). In developing a continuous 8,200-year chron

ology for bristlecone pine, Ferguson (1968, 1970b; personal 

communication) has significantly contributed to the calibra

tion of the radiocarbon time scale by supplying tree-ring-

dated wood specimens to radiocarbon labs throughout the 

world (Suess, 1965 j 1966). 

Ferguson (1970^) reported on a detailed dendrochron-

ologlcal investigation of bristlecone pine in east-central 

Nevada, including the Wheeler Peak and Bastian Peak sites 

considered in this study. 

A discussion of tree-ring methodology and the ap

plication of dendrochronology to archaeology can be found 

elsewhere (Stokes and Smiley, 1968). Agerter and Glock 

(1965) present a comprehensive annotated bibliography of 

tree-ring-related studies. 



DESCRIPTION OP STUDY AREA 

Location and Physiography 

The primary study areas, Bastian Peak and Wheeler 

Peak, are located in east-central Nevada near the geographic 

center of the Basin-Range physiographic province of western 

North America. The mountain ranges that typify this prov

ince are oriented on north-south axes and are separated by 

intervening mile-high valleys. Bastian Peak (11^°37IWJ 

39°08,N), elevation 10,7^2 feet, is situated in the Schell 

Creek Range and is approximately 16 air miles southeast of 

Ely, Nevada. Wheeler Peak (ll4°l8'W, 39°00'N), attaining 

an elevation of 13,063 feet, is the second highest peak in 

Nevada. It lies near the center of the Snake Range which 

is adjacent and parallel to the Nevada-Utah border (Figure 

2). Bastian Peak is shown on the Connors Pass quadrangle 

topographic map (U. S. Geological Survey), and Wheeler Peak 

is included on the Wheeler Peak quadrangle topographic map. 

The primary study areas range in elevation from 

9,000 feet to 10,800 feet (timberline in the Wheeler Peak 

study area). Similar to most of the other mountains of the 

Basin-Range province, the slopes are typically steep and 

rugged. Gentle slopes were encountered in the study area 

only near the crest of Bastian Peak. 
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LOCATION 

Figure 2. Location of study areas in 'east-central Nevada 
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Geology and Soils 

The geology of the Snake Range has been described in 

detail by Drewes (1958) and Whltebread (1969), and that of 

Bastian Peak was studied by Drewes (1967). 

Wheeler Peak, representing the highest portion of the 

Snake Range, is capped by uniform, thick Prospect Mountain 

quartzite which forms 1,000-foot cliffs on the north side of 

the peak. The lower peaks of the Snake Range are overlain 

most commonly by other sedimentary rocks such as Pole Canyon 

limestone, Pioche shale, Lincoln Peak formation, Johns Wash 

limestone, and undifferentiated dolomites. However, intru

sions of quartz monzonite are exposed in areas to the south 

of Wheeler Peak. 

Glacial activity has greatly altered the physiog

raphy of the Wheeler Peak area. A cirque, carved out of the 

northern face of Wheeler Peak by glacial activity, contains 

a perpetual ice field which may be a remnant of the now in

active glacier. The Wheeler Peak study area lies immediately 

below the cirque, to the north, at approximately 11,000-feet 

elevation. The soils, derived from coarse, blocky quartzite 

glacial till, possess no well-developed B-horizons. 

Bastian Peak is capped by approximately 2 ,000  feet 

of undifferentiated Cambrian and Ordovlclan limestone 

(Drewes, 1967). The rocks are exposed on the west side of 

Bastian Peak in moderately high, steep, light-gray cliffs • 

and on the east side in low outcrops. The parent rock is a 
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fine-grained, silty limestone which parts readily into fist-

sized blocks along silty bedding planes (Drewes, 1967). The 

rock contains moderate amounts of silt and clay which are 

reflected in the soils weathered from it. Soils are deeper 

on the east side of Bastian Peak than on the west side. No 

well-developed B-horizon was observed in the soils of either 

side „ 



EXPERIMENTAL METHODS AND PROCEDURES 

The sites to be studied were selected on the basis 

of their accessibility and the range of growing conditions 

and stand characteristics that they afforded. They were 

chosen following an extensive survey (Klemmedson and Beasley, 

1968) of the bristlecone pine areas within the Snake Range, 

Schell Creek Range, Ward Mountain, and Mt. Moriah divisions 

of the Humboldt National Forest. 

The basic unit in this study, site, is used synony

mously with ecosystem following the concept developed by 

Tansley (1935) and generalized by Schultz (i960) who defined 

it as follows: 

An ecosystem is an area, of any size, in which 
organisms and nonliving substances interact and 
exchange materials. Actually, it is a three-
dimensional area wherein the vertical aspect is 
most important, the horizontal aspect merely set
ting arbitrary side limits to the system. An 
ecosystem is open, that is, materials or energy 
can enter or leave the system, as well as circu
late within it(p. 20). 

Mapping Sites 

A thorough ground check, followed by close scrutiny 

of stereoscopic pairs of aerial photos for each study area, 

served as a basis for tentatively separating the bristlecone 

pine forests into homogeneous units, subsequently referred to 

as sites. Changes in site factors such as geologic substrate, * 
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exposure, slope gradient, and other topographical features 

which appeared to influence tree and stand characteristics 

served as a further basis for delineating suspected sites. 

In the Wheeler Peak area, timberline served as an upper 

boundary for some of the sites. The boundaries of each site 

were marked on the photos so that a sampling plan for each 

one could be devised. 

The overstory vegetation of each visually delineated 

site was sampled using the plotless cruising method (point 

sampling) (Bitterlich, 1948). Angle gauges with basal area 

factors (BAP) of ten and twenty were used, depending on the 

density and size of the trees in a particular stand* Avery 

(1967) recommended that the number of trees tallied per plot 

be between five and twelve; therefore, a BAP of twenty was 

used in stands with high density while a BAP of ten was used 

in stands with low density. The sample points for angle 

gauge readings were located at regular intervals along ran

domly determined cruise lines. Random starts on each line 

were used to locate sample points. The number of points 

needed within each site to provide statistical precision at 

the 10 percent significance level was calculated. 

Ten site variables and seven tree characteristics 

were measured and recorded on coded tally sheets at each 

sample point. The site variables measured were: geologic 

substrate, elevation, aspect, slope gradient, horizontal 

slope curvature, vertical slope curvature, slope position, 
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position in stand, reproduction, and associated vegetation. 

Tree and stand characteristics measured for bristlecone pine 

only were: tree height, tree diameter (dbh), straightness 

of bole, shape of bole, percent live crown, live bark index, 

and basal area. In the case of multiple-stemmed trees, the 

individual stems were treated as separate trees if the fork 

occurred below .5 feet. Some of the variables—such as 

aspect, slope curvature, bole straightness, and shape of 

bole—were qualitative in nature and were quantified to 

facilitate statistical analysis. 

The data collected for each site were summarized and 

analyzed statistically. For the quantitative variables, 

means, totals, and variances were computed. For the quali

tative variables which had been coded, only digit counts 

were made so as to determine the frequency of occurrence of 

each variable, 

For each site within each of two locations selected 

for intensive study, the sample point means for each vari

able were analyzed by the outlyer observation test as de

scribed by Li (1964) to determine if all the points allocated 

to a particular site actually belonged to that unit, or if 

in fact some were more representative of an adjoining site. 

After the sample point data had been tested for each variable 

and the site boundaries redefined, analyses of variance were 

run when necessary to determine if the areas delineated as 

separate sites were actually different with respect to the 
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factors involved,, New multiple range tests (Li, 1964) were 

used to compare each site with all of the others, one by one. 

In separating the sites, a combination of variables 

rather than any single variable was used to indicate differ

ences between any two units. For example, two sites could 

have the same basal area; but one could have many small trees 

while the other had few large trees. In this case the two 

sites would not have been considered similar even though 

they had the same basal area cover. Difference in tree size 

and numbers would in this case easily distinguish the sites» 

Once the site boundaries had been established, more detailed 

sampling was begun. 

Within the Wheeler Peak area of the Snake Range, 

bristlecone pine covers approximately 130 acres. This forest 

was partitioned into six sites on the basis of tree and stand 

characteristics (Figure 3). The sites of the Wheeler Peak 

study area are unique in several respects, They are under

lain by Prospect Mountain quartzite. Although other exten

sive areas of quartzite occur in both the Snake Range and 

Schell Creek Range, bristlecone pine in those areas occurs 

only as scattered trees on exposed rocky ridges. The Wheeler 

Peak area differs from the other areas of exposed quartzite 

in that its parent material is in the form of coarse, blocky 

glacial tillo In general, the Wheeler Peak sites have a 

north to northeastern exposure whereas most other bristlecone 

pine sites in the Schell Creek and Snake Ranges are on 
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Figure 3* Location of Wheeler Peak bristlecone pine sites 
(approx. scale: 1" = .28 miles). 
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south- or west-facing slopes. The Wheeler Peak area is 

unique also in that the oldest living tree yet discovered 

(Currey, 1965) grew here (Site 2)„ Sites 1, 2, 3* and 4 are 

located on a ridge east of the terminal moraine (Figure 3) 

whereas Sites 5 and 6 occupy the upper and lower parts of the 

terminal moraine, respectively. 

Bristlecone pine covers approximately 450 acres in 

the Bastian Peak area. Because of more uniform slopes and 

exposures, only two sites were differentiated there (Figure 

4). Site 1 is situated to the east of Bastian Peak on slopes 

which are gentle near the crest of the ridge but drop off 

sharply near the lower boundary of the stand„ Here the com

paratively deep well-developed soils support relatively 

fast-growing, vigorous, well-formed trees. The microclimate 

associated with the east-facing slopes of Site 1 is also 

conducive to more favorable growing conditions,, 

Site 2 runs along the western slopes of the ridge 

which crests at Bastian Peak. It is characterized by steep 

slopes with frequent limestone outcroppings and shallow 

rocky soils * The trees composing the site are typically 

short with large buttressed boles and contain a relatively 

high proportion of exposed wood in their trunks and crowns. 

The primary motive behind grouping the trees into 

homogeneous units (sites) was to reduce sample variance. 

Stratification has long been a useful tool for achieving 

this end. Even though some of the variation was reduced, 
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SASTIAN PK 

Figure 4. Location of Bastian Peak bristlecone pine sites 
(approx. scale: 1" - .29 miles). 
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the variability within some of the sites (especially in the 

Wheeler Peak area) was still a problem as will be evidenced 

in the following sections. 

Environmental Analysis 

Soils 

At each of the eight sites bulk soil samples were 

collected for subsequent laboratory analysis. Eight ran

domly located pits in each site were sampled at 0- to 6-inch 

and 6- to 12-inch depths. Both soil and stones-1' (less than 

6 inches across) were collected to permit separation and 

calculation of percent stone content. The sieved soils were 

retained for laboratory analysis. 

Samples were collected for soil moisture content at 

biweekly intervals during the summers of 1967 and 1968. Al

though these samples were not collected on all the sites 

during the two summers, the samples were taken so that dif

ferences in soil moisture between the site extremes could be 

determined. Four pits at each location were sampled at 0-

to 4-inch, 4- to 8-lnch, and 8- to 12-inch depths. The sam

ples were passed through a 2-milllmeter screen and placed 

immediately in airtight soil cans. Percentage moisture was 

calculated after drying to constant weight at 105°C. 

1. The term "stone" as used in this paper Includes 
all coarse mineral fragments greater than 2 millimeters in 
diameter. 
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The depth of soil development in the glacial till of 

the Wheeler Peak study area was Investigated by digging two 

soil pits to a depth of 42 inches. One pit was dug near 

timberline in Site 2 (Figure 3) and another in Site 1. Soil 

from these pits was collected at regular intervals and at 

distinct horizon transitions whenever observed. The extreme 

stony nature of the substrate (Figure 5) made digging a dif

ficult task, but soil was observed for the entire depth of 

both pits. Soil depth in the Bastian Peak sites was measured 

by driving a steel rod into the ground until bedrock was 

struck. This was repeated five times around each sample 

point to determine the average depth at the sample point. 

Soils were analyzed for total nitrogen, organic 

carbon, pH, and texture (Appendix Table 2). Total nitrogen 

was determined by a modification of the Kjeldahl method as 

described by Bremner (I960). 

Organic carbon was determined by dry combustion 

(Allison, Bollen, and Moodie, 1965) in an induction furnace 

on samples ground to pass a 100-mesh sieve. Half-gram sam

ples in disposable cermaic crucibles along with tin-coated 

copper, iron chip, and tin accelerators were heated in a 

stream of purified oxygen. The liberated carbon dioxide gas 

cleansed of moisture, dust, and sulfur dioxide was collected 

in an ascarite bottle and determined to the nearest tenth of 

a milligram gravimetrically. Glycine, steel, and soil 
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Figure 5. A soil pit near timberline on Wheeler Peak Site 
2. (Tape measure in lower portion of picture is 
extended to six inches) 
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standards were run periodically to check the percent recovery 

of carbon. 

Soil pH was measured electrometrically using a Beck-

man Zeromatic pH meter with a glass electrode. The samples 

were prepared as a 1 to 1.5 soil-water ratio, stirred fre

quently over a 30-minute period, and then set aside for an 

hour. The pH was determined with electrodes immersed in the 

supernatant liquid. 

Day's (1956) modification of the Bouyoucos hydrometer 

method was used in the texture analysis. Soil samples weigh

ing 40 grams each with organic matter removed were dispersed 

overnight in a mechanical shaker with 10 percent calgon solu

tion added. 

Measurement of Microclimate 

During the summer of 1967, four microclimatic sta

tions were established at the time of snowmelt at the follow

ing locations near Wheeler Peak: the steep north-facing 

slope of Site 4 (see Figure 3), the gentle east-facing slope 

of Site 1, the steep west-facing slope of Site 3, and the 

undulating upper forest border of Site 2„ In the summer of 

1968 a hygrothermograph was placed on a south-facing slope of 

Buck Mountain (which, Incidentally, supported no bristlecone 

pine) across the valley due north of the hygrothermograph 
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station near the upper forest border of Site 2. Hygrother-

mographs were also installed on the east and west slopes 

(Sites 1 and 2) of Bastian Peak-

The microclimatic stations (Table 1) were equipped 

as follows: Belfort hygrothermographs enclosed in instru

ment shelters with sensors at 6 feet above ground level, 

Bendix-Frlez totalizing 3-cup anemometers, True Check rain 

gages 4 feet above ground level in open areas, and maximum-

minimum thermometers (some placed 6 inches above the ground 

and others at 6 feet above the ground) facing north and 

shielded from direct solar radiation. 

Hygrothermograph charts were changed at weekly in

tervals at which time the readings were checked with a hand-

aspirated psychrometer and standardized thermometer. Ane

mometer readings were also taken at weekly intervals. The 

maximum-minimum thermometers were read and reset each time 

the areas were revlsted which ranged from daily to weekly 

intervals. The rain gauges were read at weekly intervals. 

Evaporation from the rain gauges was prevented by a thin 

layer of mineral oil. 

Vegetation Analysis 

Associated Vegetation 

The vegetation growing in association with bristle-

cone pine on each site was sampled using two different 



Table 1. Meteorologic instrumentation of the study sites during the summers of 1967 
and 1968. 

Microclimatic Stations 

Wheeler Bastian Buck 
Site Noc Site No. Mountain 

Instrument 1 2 3 5 6 1 2 

Anemometer, totalizer 1967 1967 

Hy gr 01 h er mo graph s 1967 1967 
1968 

1967 1967 
1968 1968 1968 

Rain Gauge 1967 1967 1967 1967 

Maximum-Minimum 
Thermometer 1968 1968 

1967 
1968 

1967 
1968 1968 1968 

OJ 
00 
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methods, depending on the size of the plants. Plotless sam

pling with an angle gauge was used to determine the basal 

cover of associated tree species, while the line intercept 

method was used to determine percent cover for understory 

vegetation. Ten 100-foot line transects were located along 

the slopes of each site with both the direction and the 

starting position of each line transect being randomly de

termined. Each vascular plant encountered immediately below 

or above one edge of the tautly stretched tape was recorded 

as to species and length of tape intercepted by the plant 

crown. When no plants were encountered, the surface was 

measured and classified as either exposed stone or bare soil 

Specimens of each flowering plant encountered in 

each of the sites were collected and pressed for later iden

tification. Assistance in identifying some of the plants 

was provided by The University of Arizona Herbarium. 

Tree-Ring Analysis 

Among the tree characteristics used in assessing the 

relationships between growth and environment were two tree-

ring parameters: mean ring width and mean sensitivity. 

These measurements were obtained by extracting a replicated 

sample of increment cores from each site using accepted 

techniques of the Laboratory of Tree-Ring Research (Ferguson 

1970ei; Fritts, 1969; Stokes and Smiley, 1968). Two incre

ment cores were extracted from opposite sides of ten trees 
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on each site by means of a Swedish increment borer. In other 

studies (Fritts, 1966; Estes, 1970) a replicated sample of 

two cores from each of ten trees per site was found to be 

sufficient for relating tree-growth to environmental factors. 

Each core was numbered immediately following extraction and 

placed in soda straws to prevent breakage (Ferguson, 1970a)c 

A complete set of notes was taken for each cored tree, in

cluding a cross-sectional diagram of the tree showing the 

direction of coring in relation to slope direction and com

pass bearing, percent slope, aspect, surface stoniness, stand 

cover (basal area), percent live crown, live bark index, 

direction of lean, degree of lean, diameter at breast height 

(dbh), height, fire scars, evidence of disease, and associ

ated vegetation. 

The cores were mounted on grooved sticks to prevent 

breakage and facilitate handling- Each mounted core was 

then surfaced, using a Porter-Cable belt sander with a series 

of progressively decreasing sand paper grit sizes culminating 

with a number 400. Total ring counts of the cores were made 

easier by viewing them through a binocular microscope. 

Annual rings for the years l86l to I960 on each core were 

measured to the nearest hundredth of a millimeter on an 

Addo-X measuring instrument at the Laboratory of Tree-Ring 

Researchc The 100-year ring series thus obtained were used 

in the tree-ring analysis. 
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In order to check for cross-dating between cores, 

"skeleton plots" of the 100-year series were constructed in 

which relative ring-width values of the narrower rings in 

each core were plotted as vertical lines—the longest line 

representing the narrowest ring in each seriesr A thorough 

description of the techniques involved in skeleton plotting 

is given by Stokes and Smiley (1968), The patterns thus 

obtained were compared between cores within trees, between 

trees within sites, between sites within location, and be

tween locations. Narrow rings for the "diagnostic" years 

1879 and 1934 were especially helpful in cross-comparing 

between cores (Ferguson, 1970^). When it appeared that the 

pattern of a particular core was offset from the usual pat

tern by one or two years, the possibility of false or locally 

missing rings or errors in measurement were investigated. 

Often it was necessary to utilize a more detailed method of 

plotting in which actual ring-width values were plotted. 

These procedures revealed that false or missing rings were 

not common in the cores used in this study. 

The 100 ring-widths of each core were averaged to 

obtain mean ring width. These values, in turn, were averaged 

to derive mean ring width of each site. Before mean sensi

tivity was computed, the ring widths were converted to in

dices using a computer program furnished by the Laboratory 

of Tree-Ring Research. Growth rings are commonly wider near 

the stem center, but are progressively narrower toward the 
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stem periphery. The purpose of transforming ring width 

values to Indices was to remove this variability due to nor

mal tree-ring growth characteristics (Frltts, 1963). The 

indices are calculated by dividing each actual ring-width 

measurement by the expected value for that year as estimated 

from a negative exponential function describing normal growth 

trends or a straight line, whichever best fits the raw data 

(Frltts et al.j 1969)- Mean sensitivity (MS), a measure of 

ring-width variability from year to year, was computed using 

the formula described by Pritts et al. (1969): 

n - 1 

( n " 1 )  £  
MS = (n - 1) ^ 2CXi+l~V 

i = 1 Xi + 1 + Xi 

where is ring width index for the year i_ and n is the 

number of Indices in the series * 

Tree ages were determined by simple ring counts of 

pith-area cores when the trees' radii did not exceed the 

length of the Increment borer (16 inches)* In cases where 

extraction of pith-area cores was not possible because of 

heart-rot, the radius of the tree was estimated and the num

ber of rings in the missing interval was approximated on the 

basis of mean ring width of the sampled portion of the tree. 

Plant-Water Potential 

Field measurements of plant-water potential were 

made in order to evaluate the effects of site conditions on 
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the internal water stress of bristlecone pine and to compare 

bristlecone pine with certain associated woody species. 

During the driest part of the 1968 growing season 

(just prior to the start of summer rains), water potential 

studies were run on bristlecone pines and limber pines (Pinus 

flexilis James) in the Wheeler Peak study area and on 

bristlecone pines and mountain mahogany (Cercocarpus ledi-

folius Nutt„) plants near an unnamed limestone peak referred 

to as Hill 10,842 (for its elevation),. In the latter area, 

mountain mahogany grew principally on soils derived from 

quartz monzonite whereas bristlecone pine was restricted to 

the adjacent limestone substrate. The water potential of a 

few mountain mahogany plants growing on limestone soils was 

also measured to assess the difference in parent materials 

which obviously affect the physical properties of the soils. 

On Bastian Peak the water potential of bristlecone 

pine trees on an east-facing slope was compared with that of 

trees on a west-facing slope. Each tree involved in the 

study was sampled on both the "sun" and "shade" sides of the 

crowns. 

The internal water stress of bristlecone pine was 

compared with certain associated species both in the field 

and in a controlled environment chamber. Plant-water poten

tial was measured by the Schardakow dye technique. The dye 

method is based on the principle that plant tissue when put 

into a sucrose solution of a given osmotic pressure (a 
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function of its concentration) will either gain or lose 

water, depending on the osmotic pressure of the cell solu

tion- If strips of leaf tissue are placed into a series of 

solutions of different concentrations, Ideally there will be 

one concentration at which the tissue will neither gain nor 

lose water. The water potential of the leaf tissue is as

sumed to be equal to the osmotic pressure of the sucrose 

solution In equilibrium with the cell solution. 

To determine whether the leaf tissue had given off 

water to the test solution (thereby reducing its concentra

tion), absorbed water from the test solution (thereby in

creasing its concentration), or had neither gained nor lost 

water, the following procedures were followed. First, a 

duplicate of each test solution used was dyed with a portion 

of methylene blue chloride small enough so as not to change 

its concentration Then after allowing sufficient time to 

effect equilibration between tissue and test solutions, a 

drop of dyed control solution was carefully released Into the 

center of the corresponding test solution (leaf tissue re

moved) with a disposable Pasteur capillary pipette. Care 

was taken to avoid propelling the drop toward the bottom by 

squeezing too hard. If the test solution gained water, the 

dyed drop would sink; if the solution had lost water, the 

dyed drop would rise. The test solution in which the dye 

drop remained in the center and slowly diffused outward In 

all directions was assumed to be in equilibrium with the 
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leaf-cell solution. The water potential of the tissue was 

then recorded as the negative of its osmotic pressure„ 

It is important that the ratio of tissue to solution 

be as high as possible since only minute changes in concen

tration often occur. To achieve this end, 1-milliliter test 

tubes were filled one-half full of solution to which one fas

cicle of needles (usually five needles per fascicle) was 

added. Two layers of Parafilm, a commercial plastic sealing 

tissue, was used to obtain an airtight seal of each tube. A 

waiting period of 10 hours was found to be sufficient for a 

measurable amount of water transfer to occur between solution 

and tissue. 

Ten seedlings were used in the laboratory phase of 

the water potential study—five of bristlecone pine and five 

of limber pine. The seedlings were collected during the 

summer of 1968 from a uniform area near Bastian Peak at 

about 10,000-feet elevation. The seedlings were placed In

to a growth chamber September 15, 1968, and were watered at 

weekly intervals until November 12, at which time watering 

was stopped and the pots were weighed„ At weekly intervals 

subsequent to the cessation of watering, the plant-water 

potential was measured by means of the dye methods Pour such 

runs were made in a period of four weeks. Each time the 

water potential tests were run, the pots were weighedc After 

the fourth run was completed, the plants, soils, and pots 

were separated and weighed„ The soil from each pot was then 
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oven-dried and weighed again. Prom these weights3 the soil 

moisture level at the time of each run was calculated* 



RESULTS AND DISCUSSION 

Analysis of Associated Vegetation 

Tree Species 

Basal area cover of tree species growing in associa

tion with bristlecone pine on each of the sites is shown in 

Table 2. Only two species, limber pine and Engelmann spruce 

(Picea Engelmannl Parry), were observed within the sample 

plots at both locations, although Douglas-fir [Pseudctguga 

menzlesii (Mirbr) Franco.] was encountered in the Wheeler 

Peak area to a very limited extent. Limber pine and Engel

mann spruce were present on all of the sites at each location 

except for Site 2 of Bastian which lacked Engelmann spruce, 

at least within the sample plots- Sites with relatively 

good growing conditions as evidenced by tree-growth charac

teristics and soil properties generally had a higher propor

tion of Engelmann spruce and limber pine cover. This was 

especially noticeable on Wheeler Sites 1, and 6. On the 

other hand, the data indicated that on harsh sites such as 

2, 3i and 5 of Wheeler Peak and Site 2 of Bastian Peak, 

bristlecone pine was the preponderate species. Figure 6 

shows a positive relationship between mean ring width of 

bristlecone pine and combined basal area cover of Engelmann 

spruce and limber pine. The basal area cover data inter

preted in terms of site conditions suggest that bristlecone 
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Table 2- Mean cover of plants growing in association with bristlecone pines listed 
by sites. 

Tree Cover by Species 
(Basal Area)* 

Location 
and Site 

Understory Bristlecone 
Plant Cover Pine Spruce 

Limber 
Pine 

Total 
Tree Cover 

Tree 
Spacing 

% milacres/ milacres/ 
tree 

Wheeler 
Peak 

1 8.80 68(40) 69(41) 31(19) 168 7.41 
2 3.08 59(60) 32(33) 7 (7) 98 9.01 
3 3 = 01 71(62) 31(27) 12(11) 114 11.36 
4 3.^5 30(20) 81(53) 42(27) 153 6.06 
5 .79 74(87) 8 (9) 3 (4) 85 33-33 
6 1.94 • 34(18) 80(42) 75(40) 189 5.43 

Bastian 
Peak 

1 9-74 68(55) 35(29) 20(16) 123 4.69 
2 11.27 66(65) 0 (0) 35(35) 101 38.46 

*Numbers in 
represented by that 

parentheses are 
species. 

percentages of total basal area for each site 
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and limber pine. 
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pines can withstand dry, stony, windblown, harsh habitats 

better than the other tree species. At Site 6 of Wheeler 

Peak, immediately south of Blue Lake (Figure 3S P< 30), an 

essentially pure stand of Engelmann spruce was found - Im

mediately north of Blue Lake on stonier terrain, limber pine 

was the predominant species. The majority of bristlecone 

pine trees growing among spruce trees and limber pines at 

Site 6 were relatively tall, straight, and vigorous. On the 

other hand, most limber pines growing there were short and 

stunted, Tables 3 and 4 show the tree, stand, and site 

characteristics of Wheeler Peak and Bastian Peak. Tables 3 

and also show how the sites compare with respect to total 

tree cover and tree spacing (acres/tree). There appears to 

be a positive relationship between site quality (as evidenced 

by tree and stand characteristics) and total tree cover. 

Total tree cover was relatively high on Sites 1, and 6 of 

Wheeler Peak and Site 1 of Bastian Peak. These sites, all 

located on east- or north-facing slopes, were characterized 

by relatively straight and well-formed bristlecone pine trees. 

Tree spacing was comparatively close on the above-mentioned 

sites. 

Understory Vegetation 

Percent ground cover of subordinate vegetation is 

tabulated by species for each site in Table 5- The scarcity 

of ground cover is one of the most striking features of 



Table 3. Tree, stand, and site characteristics of bristlecone pine sites on Wheeler 
Peak. (Tree and stand data include only bristlecone pine trees.) 

Site Stand Tree Live Live Bark Slope Total 
No. DBH Height Density Spacing Crown Index Grad. Area 

in. ft. trees/ acres/ % % acres 
acre tree 

1 26 33 18 .06 66 400 25 28 
2 38 28 7 .14 43 186 33 6 
3 25 22 21 .05 70 315 36 9 
4 14 27 28 .04 - 86 560 46 9 
5 28 21 17 .06 42 270 20 40 
6 16 23 25 c 04 60 340 19 38 

Table 4. Tree, stand, and site characteristics of bristlecone pine sites in the 
Bastian Peak area. (Tree and stand data include only bristlecone pine 
trees,) 

Site Stand Tree Live Live Bark Slope Total 
No. DBH Height Density Spacing Crown Index Grade Area 

in. ft^ trees/ acres/ "% % acres 
acre tree 

1 24 39 22 .05 78 552 23 320 
2 32 24 12 ,08 57 410 50 130 



Table 5 .  Percent ground cover by species for the study sites. 

Location and Site 
Wheeler Peak Bastian Peak 

Species 1 2 3 4 5 6 1 2 

GRASSES and SEDGES 
Agrostis scabra T(Trace) .03 .02 
Alopecurus aequalis T 
Carex helleri T .03 
C. phaeocephala . 06 .03 .05 
Deschampsia caespitosa T 
Oryzopsis exigua T 
Poa fendleriana .08 .05 .01 .13 .09 .21 ^56 
P. nervosa .01 T .03 .13 
P. secunda T .01 .05 .09 
Sitanion hysterix .04 .03 .01 T 
Trisetum spicatura .16 .10 .03 .07 .04 .16 .17 .49 

SHRUBS 
Ceanothus velutinus T 
Haplopappus macronema .51 .53 .45 .21 .03 1.61 .48 
H. suffrutiosus 5.14 5.04 
Juniperus communis 6.32 .45 1.01 1.28 .17 .94 
Ribes cereum .72 ,26 .17 .02 1.69 2.17 
R. montigenum .11 .65 .44 .41 ,03 .16 .61 
Rubus melanolasius .18 .03 
Symphoricarpos mollis .01 .97 

HERBS 
Agoseris glauca 
Antennaria rosea 
Arabis drummondi 

01 T 
T 

05 «03 
c 02 

.01 



Table 5- (Continued) 

Location and Site 
Wheeler Peak Bastian Peak 

Species 1 2 3 4 5 6 1 2 

HERBS (Continued) 
Arabis mucrophylla .02 T 
Arenaria congesta .15 T .10 .13 .03 <29 
Aster canescens T .02 
Castllleja linariaefolla .03 .01 
Draba lanceolata .02 t01 
Draba sp. ,03 *02 
Erigeron caespitosus ,25 r65 .^5 *21 .11 
E. leiomeris ,06 .15 .13 .04 .18 .10 
Erysimum capitatum T T .01 T 
Heuchera rubesuns T .01 
Mariana sp. c22 
Monardella ordoratissima .13 =06 .10 .13 =05 T 
Penstemmon pachyphyllus T .03 dl 
P. speciosus dl t05 .07 .29 .10 .15 .27 
Petradoria pumila T 
Phacelia leucophylla T 
Phlox caespitosa .08 T 
Potentilla conunna .01 T 
Sedum stenopetalum .01 .06 
Senecio utahensis *06 .02 .04 .03 d8 c06 
Stellaria jamesiana T 
Thalictrum fendleri T -02 
Valeriana multisecta T 

Total Cover 8.85 3.03 3*01 3.45 =78 1.86 9-74 11.27 

ui 
LO 
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bristlecone pine stands in the areas studied, This perhaps 

accounts in part for the minor role fire has played in the 

ecology of bristlecone pine in these areas„ Although fire 

damage was visible in some trees, the low ground cover cou

pled with the characteristic wide spacing of trees undoubt

edly restricts the spread of fires„ A third factor that 

might contribute to the minor role fire has played in the 

ecology of bristlecone pines is the small size of bristle

cone pine needles and the fact that they are often retained 

on the trees up to 20 years before dropping off„ While a 

scarcity of understory vegetation might be considered an 

advantage by restricting the spread of fires, it also has an 

undesirable aspect. Herbaceous cover serves a useful pur

pose by holding the soil in place, thereby reducing erosion. 

It is apparent from Table 5 that ground vegetation 

was more diversified with respect to species composition on 

the limestone-derived soils of Bastian Peak than on the 

quartzite till of Wheeler Peak, Mean percent plant cover 

ranged from .78 percent at Site 5 of Wheeler to 11.27 per

cent at Site 2 of Bastian Peak, Ground cover was greater at 

Site 1 of Wheeler Peak (8„8 percent) than on any other site 

at that location. Multiple range tests (Li, 1964) revealed 

no significant-1- differences in ground cover between the 

1. Throughout this paper the term "significant" 
when used with reference to a statistical test will denote 
a 5 percent probability level. "Highly significant" will 
refer to tests at the 1 percent probability level. 
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other Wheeler Peak sites„ Plant cover did not differ signif

icantly between the two sites of Bastian Peak although the 

mean for Site 1 was 9.7^ percent as compared to 11.27 per

cent for Site 2. 

The understory vegetation consisted primarily of low 

herbaceous plants, few of which were more than 1 foot tall= 

Several grass species were found on each site—Poa was the 

most common genus. The most common shrubby plants encoun

tered were Ribes cereum, Ribes montlgenum, Juniperus communis, 

Haplopappus macronema, and H. suffrutiosus„ Even these woody 

shrubs seldom exceeded a height of two feet. Consequently, 

even on sites with the greatest cover of subordinate vegeta

tion, bristlecone pine stands have a "park-like" appearance. 

No appreciable contrasts between sites were observed 

with respect to species composition; consequently, the tech

nique of using subordinate plants as indicators of site 

quality appears to be limited in this situation. Two pos

sible exceptions were noted. Two species of Draba were 

found only on relatively moist sites on soils derived from 

quartzite, particularly on north-facing slopes and in de

pressions. Bristlecone pine trees growing in these areas 

were generally vigorous and well formed. Two species of 

Carex were also found in moist depressions on some of the 

more favorable bristlecone pine sites within the Wheeler 

Peak area. 
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Growth and Distribution of Trees in 
Relation to Single Variables 

The growth and distribution of individual plant 

species and plant communities involve a complexity of inter

acting factors. Light, carbon dioxide, oxygen, water, min

eral nutrients, and heat are all necessary in varying amounts 

depending on the specific requirements of any particular 

species. Some plants are able to survive and reproduce 

within a fairly wide range of growing conditions although 

perhaps not as efficiently near the range extremities as 

would be possible under optimal conditions. Some species 

which have a high light requirement (heliophytes) are unable 

to compete with shade-tolerant species (schiophytes) for the 

better habitats and are restricted to sites where certain 

growth factors are suboptimalo Bristlecone pine appears to 

be such a species. It is adapted to harsh, high-altitude 

environments where interspecific competition is minimal. 

Even so, there is a range of habitats where bristlecone pine 

occurs. On sites with favorable growing conditions, bristle

cone pine trees are tall, straight, and relatively vigorous 

(Figure 7). On the other extreme, trees growing on more 

adverse sites have a characteristic stunted, weather-beaten 

appearance with a„high proportion of dead wood (Figure 8). 

In this paper an attempt will be made to define favorable 

and adverse sites in terms of environmental characteristics 

and resultant tree and stand characteristics. 
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Figure 7. On sites with more favorable growing conditions, 
bristlecone pines are relatively tall and vig
orous (Site 1 - Bastian Peak). 

Figure 8. On harsh, exposed sites bristlecone pines are 
generally stunted and weather-beaten (Site 2 
Wheeler Peak). 
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Soil Parent Material 

Although bristlecone pines occur on soils derived 

from several different geologic substrates in east-central 

Nevada, it is apparent that parent material does affect the 

growth, development, and distribution of the species. The 

physical and chemical properties of soils are strongly in

fluenced by parent rock from which the soils were derived. 

This is especially true for immature soils, a category into 

which most soils considered in this study would fit. Also 

important is the mode of origin of soils, i.e., whether they 

weathered in place or were transported to their present 

location. Differences in parent materials will likely re

sult in soils differing in both physical and chemical prop

erties whereas mode or origin, at least for a given parent 

material, will usually affect soil physical properties to a 

greater degree (Spurr, 1964). For example, soils derived 

from glacial deposits are generally typified by a mixture of 

particles of all sizes from clay to boulders (Daubenmire, 

1967). Soils weathered in place, on the other hand, gener

ally contain a smaller percentage of larger rock fragments— 

at least in the surface layers. 

Soils derived from the three parent materials con

sidered in this study, viz., limestone, quartzite, and quartz 
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monzonite,1 all differed in certain physical and chemical 

properties which, in turn, appeared to influence the vegeta

tion growing on them. Differences were also detected in 

physical properties between soils weathered from quartzite 

bedrock and those derived from glacially deposited quartzlte. 

Unless minerals have been transported into a given 

area, the mineral nutrients (with the exception of nitrogen) 

present in a young soil will likely be governed by the parent 

rock from which the soils were derived. The original com

position of parent rock, therefore, is quite important to 

the nutrient status of a soil. Table 6 shows the average 

chemical composition of three parent rocks of the type con

sidered in this study—limestone, quartz monzonite, and 

quartzite. Because chemical composition often varies con

siderably between samples of a particular rock, especially 

in the case of limestone, these figures permit only a gen

eralized comparison of the rocks relative to one another and 

to the bristlecone pine sites under discussion. Based solely 

on average composition of original rock, soils derived from 

quartz monzonite would be higher in nutrients than those de

rived from either limestone or quartzite. Limestone soils 

would be slightly higher in nutrients than quartzite soils, 

all other factors being equal. 

1. Quartz monzonite is a coarse-grained granitic 
rock which contains, in approximately equal parts, quartz, 
alkalic feldspars, and plagioclase (Huang, 1962). 
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Table 6. Average chemical composition of parent rocks.* 

Constituent Quartz Monzonite Limestone Quartzite 

Si02 69.15 5 .19  78 .33 

t io2  0.56 0  c 06 0 .25  

ai2o3  14.63 0 .81  4 .77  

Fe20g 1.22 0 .54  1 .07  

FeO 2.27 — 0.30 

MnO 0.06 — — 

MgO 0.99 7 .89  1 .16  

CaO 2.45 42.57 5 .50  

Na20 3.35 0 .05  0.45 

K 2 O 4 .58  0 .33  1 .  31  

H 2 O 0 .54  0 .77  1 .63  

P 2°5 0 .20  0 .04  0 .08  

co2 — 41.  54  5 .03  

SO3 — 0.05 0 .07  

BaO — — 0.05 

C — — — 

*From Huang, W. T. Petrology. McGraw-Hill Book Co. 
1962. p. 127, 215. 
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Hill 10,8^2. A striking example of the effects of 

parent material on the distribution of bristlecone pine was 

seen on Hill 10,8^2 located southeast of Wheeler Peak in the 

Snake Range. A contact between quartz monzonlte and Pole 

Canyon limestone occurs just below the peak to the southwest. 

The limestone soils support a stand of bristlecone pines 

whereas monzonite-derived soils support a dense stand of 

mountain mahogany. Although scattered mountain mahogany 

bushes occur on adjacent limestone soils, only a few small 

isolated bristlecone pine trees were found on soils derived 

from quartz monzonite (Figure 9)« 

An analysis of soils derived from each parent mate

rial revealed that they differed in several properties which 

might account in part for the sharp ecotone between the two 

plant communities. Table 7 shows that the limestone soils 

were higher in pH, clay, nitrogen, organic carbon, and cation 

exchange capacity than were adjacent soils derived from 

quartz monzonite. Soil moisture, as determined gravimet-

rically July 8, 1968, before the summer rains had begun was 

slightly higher in the limestone soils in all of the depth 

intervals sampled. This was probably because of higher clay 

content of the limestone soils which increases water-holding 

capacity. Although quartz monzonite soils were lower, in 

nitrogen, organic carbon, clay, and cation exchange capacity 

than were soils derived from limestone, it appears that the 

lack of bristlecone pines on the monzonitic soils is more a 
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Figure 9. General view of discrete ecotone between bristle-
cone pine (upper portion of picture) and mountain 
mahogany (lower portion of picture) on Hill 
10,842.  
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Table 7* Properties of two contiguous soils (0- to 12-inch 
depth) on Hill 10,842—derived from limestone and 
quartz monzonite. 

Soil Property Limestone Quartz Monzonite 

PH 7.43 6,25 

% clay 24.1 17 c 2 

% nitrogen , 220 .196 

% carbon 8.183 2.400 

% soil moisture:* 

0" - 4" 4.4 4.2 

4" - 8" 12.9 11.9 

C\J 1—
I 

I 

CO 

19-1 16 „ 8 

CEC (meg. per 100 gms, 
soil 25.6 13.6 

*Soil moisture, 
on July 8,  1968.  

percent of dry weight, as measured 



64 

function of ecological tolerance than of physiological tol

erance (Ellenberg, 1953). Although bristlecone pine trees 

might be able to grow on monzonitic soils—and a few actually 

do—they may be unable to compete with mountain mahogany. 

Shading may be a controlling factor. Bristlecone pine is 

very intolerant of shading. Wright (1963), studying photo

synthesis of a bristlecone pine seedling in situ as a func

tion of light intensity, found that photosynthesis was 

sharply reduced when light intensity fell below 3,000 foot-

candles . This high light requirement precludes the estab

lishment of bristlecone pine under dense cover which is 

characteristic of mountain mahogany stands. All the bristle

cone pine stands encountered in this study were characterized 

by relatively wide spacing of trees (Table 2, p. 48) and 

sparse ground cover, even the most vigorous stands. Sites 

which support dense stands of vegetation are generally devoid 

of bristlecone pine. 

Buck Mountain. Bristlecone pine was rarely encoun

tered on quartzite substrate; the Wheeler Peak stands which 

grow on quartzltic glacial till are exceptions. North of 

Wheeler Peak immediately across the valley lies Buck Moun

tain which is also underlain with Prospect Mountain quart

zite although not in the form of glacial till. Only a few 

scattered bristlecone pines occur on Buck Mountain even on 

the south-facing slope which should be ideal for the species 

with respect to topography, elevation, and microclimate. 
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Soil and microclimatic data collected from a south-

facing slope on Buck Mountain at an elevation comparable to 

the Wheeler Peak bristlecone pine stands revealed some in

teresting contrasts. Wheeler Peak soils were slightly higher 

in clay, organic carbon, and stone content while Buck Moun

tain soils were slightly higher in nitrogen and pH, The 

important differences, however, seem to lie in the soil mois

ture regimes of the two areas. Figure 15 (p. 89) shows that 

soil moisture was consistently higher on Buck Mountain than 

on Wheeler Peak for the sampling period. The nature of the 

parent materials (bedrock versus glacial till) possibly 

accounts for the differences in soil moisture regimes of the 

two areas. Buck Mountain with its southern exposure receives 

more direct solar radiation. Consequently, one should expect 

it to be drier than the north-facing Wheeler stands. However, 

Buck Mountain soils which evidently weathered in place from 

quartzite bedrock have fewer stones, are better developed, 

and appear to be more uniform with respect to texture than 

the Wheeler Peak soils derived from glacial till. 

Although Wheeler Peak soils are slightly higher in 

clay than are Buck Mountain soils, they are also propor

tionately higher in large stones. As a result, Buck Moun

tain soils actually have a greater water-holding capacity 

per unit volume than do the Wheeler Peak soils. Further

more, the Buck Mountain soils may receive some subsurface 



66 

irrigation as a result of seepage above the bedrock from 

upper slopes. This has been observed in other mountain 

areas (Coile, 1952). 

With reference to the moisture regime of the Wheeler 

Peak brlstlecone pine area, LaMarche (1969)" stated: "Rapid 

infiltration is indicated by the absence of a surface drain

age pattern and by the presence of dry, closed depressions 

on the morainal surface. Thus, this must be an anomalously 

dry habitat in an area of fairly high precipitation" (p. 57). 

The fairly moist nature of quartzlte soils on the south side 

of Buck Mountain has given rise to fairly dense stands of 

aspen and limber pine. In such a habitat brlstlecone pine, 

with its intolerance of shading, seems unable to compete 

with more shade-tolerant species. Table 8 shows the daily 

means and extremes of temperature and humidity for Wheeler 

Peak and Buck Mountain. Air temperature was essentially the 

same for both areas. Mean daily relative humidity was 

slightly higher for Buck Mountain. This, along with higher 

soil moisture, suggests that the site is more mesic than 

Wheeler Peak. 

Wind 

In both the Wheeler Peak and Bastian Peak areas, 

severe abrasion was evidenced on many trees. On the major

ity of trees exhibiting abrasion, the damage was observed 

on the south-, southwest-, or west-facing sides of the 
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Table 8. Temperature and relative humidity means for the 
study sites during the summers of 1967 and 1968. 

Temperature Relative Humidity 
°P % 

Station 
Mean 
Max. 

Mean 
Min. 

Mean 
Daily* 

Mean 
Daily* 

Summer 1967 

Wheeler, Site 1 70.0 48,2 57.6 44.5 

a Site 2 68.7 50.8 59-9 38,2 

11 Site 3 72,5 53.6 60.9 38.8 

H Site 4 67.9 52.9 58.9 

Summer 1968 

43.4 

Wheeler, Site 2 63. 6 47.6 54.8 39.9 

Buck Mountain 67.5 40.2 51. 2 41.8 

Bas.tlan, Site 1 63.2 42.1 52.3 48.7 

11 Site 2 68.7 44.1 53.3 42.2 

*Dally temperature and relative humidity means are 
based on eight spot-readings per day (3-hour intervals) from 
hygrothermograph charts. 
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boles. This indicates a prevailing southerly to westerly 

wind direction. . 

It was hypothesized that winds strong enough to erode 

the dense wood of exposed bristlecone pine trees might also 

have an effect on growth rings of the windward sides of trees 

on exposed sites even though abrasion damage was minimal« 

Cupressus macrocarpa growing along the California coast in 

the presence of strong landward winds revealed in cross-

section extremely thin growth rings on the windward side and 

broader rings on the leeward side (Daubenmire, 19&7; Oosting, 

1948). 

In order to investigate a possible relationship be

tween wind direction and tree-ring parameters4 the following 

statistical analysis was used: trees which had been cored 

from opposite sides corresponding to windward and leeward 

directions were selected for analysis. Data for trees cored 

on the uphill and downhill sides on steep slopes were dis

carded so as to avoid the problem of tension and compression 

wood often associated with such trees. The paired cores from 

each tree were then separated according to leeward and wind

ward sides. Analyses of variance were used to compare lee

ward and windward tree-ring series with respect to individ

ual ring width values for the years 1951-1960, Mean sensiti

vity comparisons were not made because individual values were not 

listed in the computer output. However, the ring widths were 

significantly wider on the leeward sides of the trees. The 
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mean difference was .063 millimeters. An explanation of the 

causal mechanisms involved in the growth differences between 

windward and leeward sides is not permitted by this investi

gation. Controlled experiments would be necessary to sepa

rate the indirect effects of wind through its influence on 

soil moisture, transpiration, desiccation of leaf tissue, 

etc., from the direct effects of wind through mechanical 

damage and tree bending—which may result in the formation 

of wide bands of compression wood on the leeward sides and 

narrow bands of tension wood on the windward sides (Dauben-

mire, 1967; Holroyd, 1970; Sinnott, 1952). 

The influence of wind on the general appearance of 

brlstlecone pines and associated plants was evident on some 

of the exposed sites. However, bristlecone pine, aside from 

physical abrasion damage, appears to withstand wind better 

than other timberline species such as Engelmann spruce. The 

latter species commonly appears as a mat of prostrate 

branches with a single spike growing erect from the center. 

Often the spike is devoid of branches on the windward side 

giving it a flag-like appearance. Although this "mat-and-

flag" growth form, called Krummholz, was observed among some 

of the timberline bristlecone pines of nearby Mt. Moriah and 

Baker Lake (Figure 10), the classic form was not observed in 

the study areas. The crowns of some'timberline bristlecone 

pines were, nevertheless, distinctly denser on the leeward 

sides giving them a windblown appearance. 



Figure 10. Wind-flagged brlstlecone pines (center) and 
limber pines (right) near Baker Lake. 
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Topography 

Slope. Slope gradient affects plant growth indirectly 

through its effect on soil properties and microclimate 

(Major, 1951). In the Wheeler Peak sites average slope 

ranged from 19 percent on Site 6 to 46 percent on Site 4 

(Table 3, p. 51). The averages, however, were sometimes mis

leading in the Wheeler Peak area. As with most of the other 

factors, measured slope was somewhat variable within some of 

the sites. Except for Sites 3 and 4 where percent slope was 

fairly uniform, undulating topography was the rule. This 

accounts in part for the high degree of variability observed 

in some of the soil properties (clay, organic carbon, nitro

gen) which are influenced by slope. 

The Bastlan Peak sites were more uniform with re

spect to slope. Site 1 had an average slope of 23 percent 

although slope increased to about 50 percent near the east

ern boundary of the site. Site 2 occupying the steep west-

facing side of Bastian Peak had an average slope of 50 

percent (Table 4, p. 51). 

The effect of slope angle appeared to be modified 

by other factors in some cases- Trees on Site 4 of Wheeler 

Peak, which had an average slope of 46 percent, had wider 

rings and lower mean sensitivity than the trees on Site 3, 

which had an average slope of 36 percent. Site 4 with a 

northerly exposure was cooler and more moist than Site 3 

which was located on a west-facing slope. Fritts (1969) 
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found slope position to be a better indicator of environment 

than slope angle per se. He compared bristlecone pines grow

ing on the rocky crest of a south-southeast-facing slope 

with those occurring immediately below the crest (on steeper 

slopes) and found that cores from the former group had more 

missing rings, higher mean sensitivity, lower serial correla

tion, and higher correlation within and between trees (all 

of which are indicative of a limiting environment). 

Exposure. The prevailing exposure of the bristle-

cone pine sites in the Wheeler Peak area is northeasterly; 

however, Site 3 and a portion of Site 1 face west. The com

ments made with regard to the variability of slope within 

sites also hold for exposure. Knolls, ridges, and depres

sions within some of the sites give rise to all possible ex

posures, thereby creating complex microclimatic conditions. 

The angle with which the sun's radiation strikes the earth 

is important in determining soil and plant temperatures; 

consequently, it affects soil and plant moisture™ This is 

why in areas such as the western United States where mois

ture is commonly limiting to plant growth, there are often 

striking differences in vegetation between north- and south-

facing slopes. South slopes, which receive more direct 

solar radiation, are generally much warmer and drier than 

north-facing slopes. 

The most striking example of the effects of exposure 

on site quality was seen on Bastian Peak where Site 1 is 
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located on an east-facing slope and Site 2 is on a west-fac

ing slope. On Site 1 the bristlecone pines averaged 39 feet 

in height and had a mean ring width of ,44 millimeters and 

mean sensitivity of .203; while on Site 2 the average height 

was only 24 feet, mean ring width was .35 millimeters, and 

mean sensitivity was ,263. The differences were statisti

cally significant. Although efforts to correlate tree height 

with individual site factors were generally not significant, 

Tables 3 and 4 (p. 51) show that trees were usually taller 

on sites where growing conditions were more favorable (as 

evidenced by their soil and topographic characteristics)r 

About the first thing one notices when viewing two bristle-

cone pine habitat extremes such as those on Bastian Peak is 

the difference in tree heights between sites, Oosting (19^8) 

suggested that low plant height might be a protective fea

ture on sites where strong winds are prevalent. Based on 

tree-crown shape in the Bastian Peak area, it would appear 

that the prevailing wind direction is southwesterly; there

fore, trees on the west-facing Site 2 would likely be af

fected more by wind than trees on the east-facing Site 1. 

Also important to tree growth—both height and radial—is 

soil moisture. This factor is probably limiting to growth 

more often on the west-facing slopes which receive direct 

solar radiation during the warmest part of the day; whereas 

the east-facing slopes receive direct radiation only during 

the relatively cool morning hours (Oosting, 1948; Spurr, 1964), 



74 

Cold air drainage. Another effect of topography on 

soil and plant temperatures, actually independent of expo

sure, is that of cold air drainage. This phenomenon, usu

ally occurring at night, often has a pronounced effect on 

the minimum air temperatures within topographic depressions 

which tend to collect dense cold air draining from upper 

elevations. One such depression in Site 2 of Wheeler Peak 

averaged 5°F colder than the surrounding area. The vegeta

tion in the depressions generally differs from that of the 

surrounding areas either in species composition or in pheno-

logic expression. The above-mentioned depression in Site 2, 

although only about 30 feet in depth, contained two species 

of Carex which were not present elsewhere on the site. 

Penstemmon speciosus which was also observed above the de

pression flowered two weeks later in the depression, Bris-

tlecone pine was rarely encountered in these depressions 

although Engelmann spruce appeared to thrive in them. 

Thirty-seven spruce seedlings were counted in the Site 2 

depression which was only about one-tenth acre in area. 

Not all the differences between vegetation in the 

depressions and that surrounding them can be attributed to 

cold air drainage. Snow collects in these sinks and remains 

well into the growing season in some spots. The depressions 

are generally more moist because of the combination of snow 

accumulation, cooler temperatures, and water drainage from 

the slope above. 
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Elevation. Growth and distribution of bristlecone 

pine trees are affected indirectly by elevation* For every 

1,000-foot increase in elevation, temperature decreases by 

approximately 4°F (Baker, 19^4)„ Precipitation also in

creases with elevation, generally up to a maximum elevation 

which varies with latitude (Spurr, 1964)„ Beyond this point, 

rainfall decreases toward the summit either because of mois

ture depletion of the air masses or passage of the clouds 

over the mountains through low divides (Daubenmire, 1967) .  

Annual precipitation has not been officially mea

sured in the upper elevations of the Snake Range or Schell 

Creek Range; consequently, reliable long-term precipitation 

data are lacking for these areas. Mean annual precipitation 

for several nearby locations was plotted over elevation in 

order to obtain a rough approximation of annual rainfall for 

the study sites. The data indicate an increase of about 6 

inches in rainfall with each 1,000 feet of elevation up to 

about 10,000 feet (Figure 11). Annual rainfall for the 

study areas was estimated at approximately 30 inches, A 

precipitation-elevation curve prepared by Baker (1944) for 

western Utah shows only a 2.5-inch increase in precipitation 

for each 1,000-feet increase in elevation; however, his es

timate of precipitation at 10,000 feet was also 30 inches. 

Based on comparisons of snow accumulation between mountains 



76 

35 

Blowhard Ml. 
Radar Sta.,Utah 

30 

25 

7T 20 
rClear Creek , Utah 

15 

O Bryce Canyon, Utah 

10 

/Lehman Caves, Nev. 
jS Ruth, Nev. 

f Austin, Nev. 
&/ Eureka, Nev. 

O Panguitch, Utah 

fo McGill,Nev. 
El y , Nev. 

i _L _L 
7000 8000 9000 10000 11000 

ELEVATION, feet 

Figure 11. Mean annual precipitation as a function of ele
vation (based on mean annual precipitation 
figures compiled in "Climatological Data" pub
lished monthly by U. S. Weather Bureau). 



77 

in eastern Nevada and western Utah, Baker concluded that high 

elevation precipitation was likely similar for the two areas. 

Soil Physical Properties 

Correlation and regression analyses were used in 

investigating relationships between some soil properties and 

growth characteristics. In these analyses tree-growth vari

ables such as mean ring width and mean sensitivity were de

termined for individual trees cored on the Wheeler Peak sites. 

These values were then plotted as a function of certain phys

ical and chemical properties of concomitant soil samples 

(Appendix Table 3). 

Stone Content. One of the more conspicuous features 

of the bristlecone pine stands, especially in the Wheeler 

Peak area, is the stoniness of the sites (Figure 12). In 

many areas the trees appeared to be growing in nothing more 

than a pile of stones. 

There was considerable variation in stone content of 

soils even within sites in the two areas studied. However, 

it was evident from the data that the soils of some sites 

were stonier than others (Table 9)« An analysis of variance 

revealed highly significant differences between sites. In 

general, sites which were highest in nitrogen, carbon, clay, 

and mean ring width were lowest in stone content< This was 

not always the case, however. Site 5 of Wheeler Peak which 

ranked lowest In nitrogen, carbon, clay, and mean annual 
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Figure 12. Stoniness is one of the most prominent features 
of the Wheeler Peak bristlecone pine stands 
(Site 5 - Wheeler Peak). 



Table 9- Soil properties of Wheeler Peak and Bastian Peak study sites. 

Location Soil Organi c Total Stone Surface 
and Site pH Clay Carbon Nitrogen Content Rock Cover 

lbs ./acre X 10-2* % % 
Wheeler Peak 

1 5.76 1328 226 7.0 49.5 57.3 

2 5.84 610 98 3.4 61.4 83.6 

3 5.83 823 102 4.1 70.7 71.5 

4 5.72 1239 172 4.9 62.7 59' 7 

5 5.67 279 30 1-3 49.2 89 .8  

6 5,48 1595 152 6„7 52,2 45.4 

Bastian Peak 

1 7-54 2313 276 13»3 58.6 36.1 

2 7.59 1159 269 10.2 60.4 64,3 

^Pounds . per acre computed on basis of top 6 inches of soil. 
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growth rate was also lowest in stone content. On Site 5 

(terminal moraine) most of the stones were too large to allow 

their inclusion in the soil samples. 

Stone content is apparently an important factor in 

the variability of soil properties among sites in both -the 

Wheeler Peak and Bastian Peak areas. Stones, occurring uni

formly throughout a soil profile^tend to cause rapid move

ment of water through the soils. Furthermore, they reduce 

the effective volume of soil from which plants may 'extract 

nutrients and water. Stones, which are better conductors of 

heat than soil, may also increase evaporation of soil water. 

It follows, therefore, that changes in stone content from 

site to site might be reflected in certain soil properties. 

As the soil data were being analyzed, it became more appar-
i 

ent that in order to obtain meaningful relationships the 

soil property data would have to be adjusted on the basis of 

stone content. t 

Soil texture. Soil texture influences plant growth 

in two important respects—both of which are dependent pri

marily on the clay fraction of a soil. Mineral colloids are 

negatively charged and, as a result, attract nutrient cations. 

In this manner many nutrients are retained in the root zone 

where they can be utilized by plants. Secondly, in situa

tions where coarse particles predominate, soil structure is 

improved by the presence of clay particles which loosely 

cement the coarser particles into aggregates. This creates 
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a greater proportion of micropores. Consequently, the water-

holding capacity of the soil is increased^ 

The relationship between clay content and growth of 

bristlecone pines was first investigated by plotting mean 

ring width of individual trees as a function of clay ex

pressed as percent of soil dry weight. This relationship, 

shown in Figure 13(a), was found to be statistically non

significant, Assuming that variability in soil stoniness 

between samples might be partially obscuring a true relation

ship between mean ring width and clay, the clay values were 

adjusted for stone content, thereby expressing clay as pounds 

per acre-depth (upper 1/2 foot of soil). To do this it was 

first necessary to estimate stone content at each sampling 

point. 

Two techniques were used in assessing stoniness at 

each site. One method provided an estimate of stone content 

whereas the other was designed to measure surface stone cover. 

In collecting bulk soil samples at each site, the small 

stones encountered in each soil pit were placed into sample 

bags along with the soil so that percent stone content of 

each sample could be computed following sieving. The major 

shortcoming of this procedure was that only the smaller 

stones could be included. A substantial proportion of stones 

in many pits were so large that they could not be accounted 

for using this method. Consequently, this technique tended 

to underestimate actual stone content. In the absence of a 
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more precise method of directly measuring percent stone con

tent, an indirect approach was used in which stone cover 

data obtained by the line Intercept method were utilised. 

The objective was to obtain an estimate of percent stone con

tent by volume using only horizontal measurements of surface 

stoninesso The reliability of this approach was dependent 

upon a close relationship between horizontal and vertical 

distribution of stones. Close examination of two soil pits 

48 inches deep and a total of 48 additional pits 12 inches 

deep revealed a reasonably uniform vertical distribution of 

stones in the Wheeler Peak soils, especially in the surface 

soils. Since site comparisons and soil-vegetation relation

ships were based primarily on soil samples collected from 

the 0- to 6-inch depth interval, the relationship between 

horizontal and vertical stone distribution was judged close 

enough to warrant using cover data as an index of percent 

stone content by volume. In fact a large proportion of the 

surface stones were partially buried to a depth of 6 inches 

or more. 

This technique is not without limitations0 The 

stone cover-volume relationship is influenced by the degree 

of soil erosion or deposition that has occurred in a given 

area. Stone content will tend to be underestimated in de

pressions where soil deposition occurs and overestimated on 

steep slopes where rates of erosion are higher. Using these 

estimates of stone content to adjust certain soil properties 
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to weight per unit-volume would result in overestimations of 

the properties in depressions and underestima'tions on steep 

slopes. It should be noted, however, that trees growing in 

depressions usually exhibit relatively good growth due to 

better soil and water conditions, whereas trees on steep 

slopes generally reflect in their growth characteristics the 

adverse effects of erosion and excessive drainage. The net 

effect of adjusting soil properties by stone cover would be 

to exaggerate the true differences between site extremes due 

to a confounding of stone content estimates with slope, 

erosion, and deposition. The conversions from percent to 

absolute value (pounds per unit-volume of soil) were made 

according to the following formula: 

Y = (1 - S/100)(43560D)(/»)(X/100) 

where Y is weight (lbs.) of N, C, or clay per acre-depth; S 

is percent stone content by volume; D is depth of soil layer 

expressed as a fraction of a foot;/3 is bulk density of the 

soil (converted to lbs./cu. ft.); and X is percent by weight 

of N, C, or clay. All of the soil property values were de

rived from samples collected in the 0- to 6-inch depth in

terval. Therefore, the above equation yields pounds per 

acre-1/2 foot of soil. 

After adjusting for variable stoniness of sites, 

mean ring width was plotted against the weight of clay per 

unit-volume of soil [Figure 13(b)]. The effect of adjust

ing for stoniness is readily seen by a marked increase in the 
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coefficient of determination. Seventy-six percent of the 

variability in mean ring width was accounted for by amount 

of clay. 

There was an inverse relationship between clay and 

percent slope, but the coefficient of determination was not 

high (r2 = .058). On steep slopes organic and mineral col

loids in the surface soils are subject to erosion, especially 

in areas where plant cover is low. Soils which had high 

nitrogen content generally were high in clay as shown by the 

highly significant correlation obtained between the two soil 

properties (r2 = .21). 

Adjusting clay for stone content also had a marked 

influence on the regression of clay versus mean sensitivity. 

Mean sensitivity was inversely related to amount of clay, A 

test of the regression coefficient for this curve (Figure 14) 

showed that the relationship was statistically significant. 

Adjusted clay accounted for 29 percent of the variation in 

mean sensitivity. Areas with poorly developed soils are 

generally droughty because of their low water-holding capac

ities. Such soils are also usually low in clay because of 

their immaturity. Consequently, trees growing on droughty 

sites reflect in their annual growth increments yearly fluc

tuations in climatic conditions more so than trees growing 

on mesic sites. 

Significant differences in clay between sites were 

detected. As would be expected from the above discussion, 
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sites which supported relatively vigorous, well-shaped trees 

also had soils containing proportionately more clay. Sites 

6, 1, and 4 (first, second, and third highest in clay) 

(Table 9) all differed significantly from Site 5 which was 

lowest in clay as well as nitrogen, organic carbon, and mean 

ring width. Site 1 of Bastian Peak was significantly higher 

in clay than Bastian Site 2. 

The soils of Wheeler Peak Site 2 and Bastian Peak 

Site 1 were designated as "clay loams" based on texture anal

yses. Soils of the other sites were classified as "loams." 

Soil Moisture. Plant growth is probably limited 

more often by the restricted availability of water than by 

any other single factor (Kozlowski, 1964). This is espe

cially true of tree species which seem to be less exacting 

in their requirements for soil nutrients than are many other 

plants (Coile, 19*18; Hills, 1952). In some cases a limited 

capacity of soils to retain water negates the effects of 

seemingly adequate precipitation. The bristlecone pine sites 

considered in this study receive approximately 30 inches of 

precipitation annually. However, because of poor soil de

velopment and the porous nature of the geologic substrates, 

the sites are apparently much dryer than the annual precipi

tation would indicate (Ferguson, 1970c_; LaMarche, 1969). 

It would be difficult to correlate soil moisture 

directly with tree growth characteristics since soil mois

ture was measured only during two growing seasons and the 
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tree characteristics have developed over a period of centu

ries. Furthermore, Fritts (1969) concluded that moisture 

conditions of the current growing season seldom had a direct 

effect on current season growth of bristlecone pines. How

ever, from relative differences in soil moisture between 

sites and from the effects of soil moisture stress on cer

tain physiological responses, one can infer possible relation

ships between soil moisture and tree growth. Furthermore, by 

studying some soil properties that are closely related to 

soil moisture—chiefly, stone content, texture, and organic 

matter content—a clearer picture of the moisture-retaining 

capabilities of the soils is obtained. Such an approach was 

used in this study. 

Soil moisture on contrasting sites within the Wheeler 

Peak area and on both of the Bastian Peak sites is shown 

graphically in Figure 15. Soil moisture during the 1967 

growing season was consistently higher on Wheeler Peak Site 

4, which is situated on a steep north-facing slope, than on 

Sites 1, 2, and 3 of Wheeler Peak. The difference in soil 

moisture between Site 4 and Site 2, which Is located near 

timberline on gentler slopes, was even greater in the early 

portion of the growing season when tree growth is especially 

dependent upon soil moisture. The pronounced difference in 

soil moisture during the early portion of the growing season 

was probably caused by delayed melting of snow on Site 

This site retained snow longer than any of the other Wheeler 
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sites, except for a few depressions where snow had accumu

lated. In 1967 Site 3 of Wheeler Peak, situated on a stony 

west-facing slope, was lowest in soil moisture during most 

of the summer. Both Site 1 and Site 2 of Wheeler Peak were 

intermediate in soil moisture as compared with Site 4 

(highest) and Site 3 (lowest), but Site 1 with a predomi

nately east exposure was generally slightly higher in soil 

moisture than Site 2 .  

Figure 15(b) shows that in 1968  Wheeler Site 2  was 

consistently lower in soil moisture than either of the two 

Bastian Peak sites as well as the area sampled on the south 

side of Buck Mountain. The differences in soil moisture be

tween locations are likely related to differences in parent 

materials. As might be expected, soil moisture was higher 

on the east slope of Bastian Peak (Site 1) than on the west 

side (Site 2 ) .  

Soil Chemical Properties 

Soil nutrients per se appear to have little direct 

effect on the distribution of bristlecone pines in the areas 

considered in this study. Bristlecone pine, like most pine 

species, does not seem to be too demanding with respect to 

nutrients (Wright, 1963). There are other nearby areas which 

do not support bristlecone pine even though they are similar 

with respect to topography and soil nutrient levels. The 

effect is perhaps one of ecological tolerance rather than 
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physiological tolerance. Specifically, soils with high 

nutrients, adequate moisture, and other favorable growing 

conditions, usually support dense stands of vegetation which 

might restrict the distribution of brlstlecone pine because 

of its inability to compete. Without competition, bristle-

cone pine might flourish on those sites. 

Soil nutrients may, however, play an important role 

in the development and growth of brlstlecone pine trees. The 

correlative approach was used in this study to determine the 

relationship between certain growth parameters such as mean 

ring width and mean sensitivity and soil chemical properties. 

Figures 16-19 show simple linear regressions and correspond

ing coefficients of determination of mean annual radial 

growth and mean sensitivity as related to soil nitrogen and 

organic carbon. 

Nitrogen. In Figure 16 mean ring width is plotted 

over nitrogen expressed on a weight per unit-volume basis 

(pounds per acre of the upper 6 inches). A strong relation

ship between the two variables is indicated by the highly 

significant regression coefficient. Nitrogen accounted for 

69 percent of variation in mean ring width. This correla

tion of tree growth with soil nitrogen is not surprising. 

Because of the mobile nature of soil nitrogen, it is com

monly limiting to tree growth. Even in relatively fertile 

basaltic soils, ponderosa pine radial growth was increased 

by applying nitrogen to the soil (Wagle and Beasley, 1968) .  
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Numerous other researchers have reported increased tree 

growth following nitrogen additions (Curlin, 1963; Heilman 

and Gessel, 1963; Gessel and Shareeff, 1957; Zahner, 1959). 

It should be noted, however, that the high degree of corre

lation between mean ring width and soil nitrogen could be 

misleading. Other studies have shown that the same factors 

that determine the availability of nutrients in the soil are 

often the same as those that govern the supply of water in 

soils (Buckman and Brady, I960; Voigt, 1958). The confound

ing effects among various independent variables will be dis

cussed in a later section. 

An inverse relationship between mean sensitivity and 

soil nitrogen was obtained. The highly significant relation

ship (r^ = .55) is shown in Figure 17. It is difficult to 

assess "cause and effect" in this situation. Mean sensitiv

ity, which is a measure of the variability in annual growth 

increment from year to year, would not appear to be a direct 

function of total soil nitrogen which generally changes 

little from year to year. However, sites which were low in 

nitrogen usually were also stonier, thus drier. Consequently, 

the availability (as opposed to quantity) of nitrogen which 

is a function of soil moisture would tend to fluctuate from 

year to year with changes in precipitation. 

An analysis of variance revealed significant dif

ferences in soil nitrogen between the Wheeler Peak sites-

Soil nitrogen data (Table 9> p. 79) indicate that the Wheeler 



94 

>- .300 

.270-.00012 X 
r2=.55 

.220 

.180 

UJ .140 

.100 

.060 
1000 800 400 600 200 0 

NITROGEN, Ibs / a c - d e p t h  

Figure 17. Mean sensitivity of brlstlecone pines as a func
tion of soil nitrogen. 



95 

sites can be separated into three groups on the basis of 

total soil nitrogen. Sites 1 and 6 are similar with 700 and 

670 pounds per acre (6-inch depth), respectively. Sites 2, 

3> and 4 are similar with means of 3*10, 410, and 490 pounds 

per acre nitrogen. Site 5 with 130 pounds per acre is low

est in soil nitrogen. 

Site 6 of Wheeler Peak with the second highest soil 

nitrogen level supports trees with the fastest growth rates. 

Site 1, which has the highest nitrogen level, is third with 

respect to growth rate. Site 4, which has the second high

est mean ring width, is considerably lower in soil nitrogen 

than Sites 1 and 6. Apparently the low nitrogen content of 

soils on Site 4 reflects conditions that characterize steep 

north-facing slopes at this site. The steep slopes which 

are conducive to erosion of organic matter and surface soils 

may explain the lower nitrogen content of the soils. This 

still leaves the problem of accounting for the unusually 

high mean ring widths of trees growing there. 

The northern exposure of Site 4, together with its 

steep slope angle, minimises the intensity of solar radia

tion reaching the soil surface. Theoretically, this would 

reduce evaporation of soil moisture in comparison to that 

on areas with more gentle slopes. This hypothesis was sup

ported by soil moisture data. These data plotted in Figure 

15 (p. 89) show that soil moisture was generally highest in 

Site 4, especially in the early summer when the trees are 



96 

absorbing water just prior to growth initiation. The rela

tively fast growth of trees on Site 4 appears to reflect the 

favorable soil moisture status of that site. 

Soils of the Bastian Peak sites were higher in nitro

gen than those of the Wheeler Peak units. Statistically, 

however, Site 2 of Bastian Peak did not differ in soil nitro

gen from Sites 1 and 6 of Wheeler Peak. Soils of Site 1 on 

the east side of Bastian were significantly higher in total 

nitrogen than the soils of Site 2 on the west slope. The 

appearance of trees growing on these units would suggest 

such a relationship. Trees of Site 1 are tall, vigorous, 

full-barked, and well-shaped while those of Site 2 are short, 

stunted, eroded, and contain a high percentage of dead wood. 

Organic carbon. Mean annual growth of bristlecone 

pine was found to be directly correlated with organic carbon 

content of the soil (Figure 18) when carbon was adjusted for 

stone content. The regression coefficient was statistically 

significant. This positive correlation reflects the impor

tance of organic matter incorporated into forest soils. 

Regression and correlation analyses showed a highly 

significant negative correlation (r^ = .53) between mean 

sensitivity and organic carbon adjusted for stone content 

(Figure 19). This likely is tied into the increased water-

holding capacity of soils high in organic matter. The pres

ence of the organic fraction of the soil, like clay, acts to 
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buffer the soils against severe drought by conserving soil 

moisture« 

The Wheeler Peak sites when ranked according to mean 

quantity of organic carbon per unit-volume generally followed 

the same order as when ranked on the basis of mean ring width 

and total nitrogen. The differences in organic carbon con

tent between sites, however, were statistically insignificant 

except between Site 5 (lowest in carbon) and Sites H and 6 

(which were highest in carbon). 

Sites 1 and 2 of Bastian Peak were both higher in 

organic carbon than any of the Wheeler sites although only 

significantly greater than Wheeler Sites 2, 3, and 5. 

Soil pH. Within each of the study areas, soil re

action was the most consistent characteristic measured. No 

significant differences were detected between mean pH values 

for the Wheeler Peak sites; likewise, pH values of the soil 

samples collected from the Bastian Peak sites were essen

tially the same. This is reasonable since pH is usually a 

function of two major factors within a given climatic range, 

parent material, and vegetation. Since vegetation was rela

tively constant within each area—at least with regard to 

species—and parent material was uniform within each location 

(quartzite on Wheeler Peak and limestone on Bastian Peak), 

it follows that within each area pH would be relatively con

stant. The slight variation that was observed within and 

between sites was most likely due to vegetation density and 
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the proximity of soil samples to trees. Zinke (1962) re

ported that with several coniferous species, soil pH in

creased with distance from the tree trunks outward to the 

extremity of the tree crowns. 

The difference in mean pH for the Bastian Peak sites 

as compared with the Wheeler Peak sites was highly signifi

cant. Mean pH of the limestone soils was 7.57 as opposed to 

5-72 for quartzite-derlved soils (Table 9, p. 79). This 

difference is probably a result of differences in soil parent 

materials. 

Tree Growth in Relation to 
Combined Variables 

Pour multiple regression equations were computed for 

the Wheeler Peak tree and site data using a combinatorial 

approach (Grosenbaugh, 1967). All possible linear combina

tions of six independent variables were screened to find the 

regressions that best explain the variation of each of four 

dependent variables—mean ring width, mean sensitivity, live 

bark index, and tree height (Table 10). The six independent 

variables considered were total nitrogen, organic carbon, 

clay, stone content, percent slope, and mean air temperature. 

An ideal situation would exist if the independent 

variables were all truly independent of one another. Such 

was not the case with the data used in this study. Table 

11 shows the interrelations (simple correlations) between in

dependent variables. In multiple regression analyses the 



Table 10. Summary of tree characteristics for study sites (cored trees only). 

Mean Ring Width Mean Sensitivity Live Mean 
Location 
and Site 

Lee
ward 

Wind
ward 

Tree 
Avg. 

Lee
ward 

Wind
ward 

Tree 
Avg. 

Mean 
DBH 

Mean 
Age 

Bark 
Index 

Live 
Crown 

Tree 
Height 

in. yrs. € ft. 
Wheeler 
Peak 

in. yrs. ft ft. 

1 .38 • 36 .37 .253 .271 . 226 26 860 520 83 29 

2 .37 • 31 .34 .260 .293 .208 37 1060 341 75 29 

3 .35 .26 .30 .27 6 .292 .222 22 760 425 67 22 

4 .42 .40 .41 .242 .267 .210 17 420 628 97 32 

5 .40 .20 • 30 .278 .289 .220 20 820 400 73 17 

6 .45 .38 .42 .261 .259 .198 14 390 628 99 35 

Bastian 
Peak 

1 .44 .235 .258 .203 26 470 628 99 54 

2 .45 .25 .35 .305 • 358 .263 22 800 377 74 22 
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Table 11. Interrelations between independent variables used 
in the multiple regression analyses, as shown by 
their correlation coefficients. 

Total Organic Stone Air Tem-
Nitrogen Carbon Clay Content Slope perature 

Total 
Nitrogen .98 .82 - , 6 9  -.33 -10 

Organic 
Carbon .73 -.60 -,3^ .18 

Clay -.92 -.02 «27 

Stone 
Content .03 -.25 

Slope . 20 

Air Tem
perature 
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numerical values of multiple correlation coefficients are 

dependent to a degree both on simple correlations between 

independent variables and on the simple correlations between 

the dependent variable and each Independent variable in the 

regression equation. If interrelation between independent 

variables is high, the multiple correlation coefficient will 

likely be lower than if there were no interrelations. A lack 

of true independence between the "predictor" variables can 

lead to difficulty in interpreting the equations and precludes 

a definite conclusion as to "cause and effect." The equa

tions can, however, be useful in assessing functional rela

tionships between the "predicted" and "predictor" variables. 

Mean Ring Width 

Multiple regression analyses of tree growth (ex

pressed as mean ring width) as a function of all possible 

combinations of six soil and site factors Indicated that the 

regression with the smallest mean-squared residual involved 

only three of the independent variables, viz., organic 

carbon, clay, and mean air temperature. These three vari

ables accounted for 83 percent of the variability in mean 

ring width. The multiple correlation coefficient of .91 was 

highly significant. The regression equation can be written 

as follows; 

Y « 105 + .00035C + .00014 Clay - 1.71 Temp. 

Both organic carbon and clay are Important in increasing the 
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moisture-retaining capacity of soils; therefore, it logically 

follows that they are directly related to tree growth. Mean 

air temperature was inversely related to mean ring width. 

Evapotranspiration, one of the primary factors in soil mois

ture depletion, and air temperature are both dependent to a 

large extent on net solar radiation. The relationship be

tween tree growth and air temperature is perhaps indicative 

of the more important role evapotranspiration plays in de

pleting soil moisture on warmer sites. Air temperature is 

confounded not only with net radiation but also slope, ex

posure, and—assuming a direct relationship between air tem

perature and soil temperature—soil nitrogen, all of which 

presumably affect tree growth. 

Mean Sensitivity 

The following regression equation best expresses the 

relationship between mean sensitivity and the independent 

variables measured: 

Y =  . 0 2 7  - .0000045C + .0049 Temp. 

Two independent variables, viz., organic carbon (C), and 

mean air temperature account for 55 percent of the variabil

ity in mean sensitivity. The multiple correlation coeffi

cient (R = .7^0 was highly significant. Organic carbon is 

closely related to other soil properties, both of a chemical 

and physical nature; however, in this case it would appear 

that its influence on soil moisture might better explain its 
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inverse relationship to mean sensitivity. Likewise, the re

lationship between air temperature and soil moisture as 

previously discussed suggests that variability in tree-ring 

width from year to year is closely related to factors which 

influence soil moisture. 

Live Bark and Live Crown 

Schulman (1956) theorized that longevity of bristle-

cone pines was directly related to site adversity. Wright 

and Mooney (1965), noting an apparent relationship between 

tree age and a high proportion of dead wood on the stems, 

hypothesized that the great ages attained by some bristle-

cone pines are related to their capacity to survive partial 

die-back of the crown and stem while maintaining a constant 

ratio of photosyntheslzing to non-photosynthesizing live 

tissue. Ferguson (1967) listed among several criteria for 

the selection of trees with maximum age and sensitivity the 

following: (1) "High percentage of dead wood, especially of 

large branches, in the crown." (2) "Recession of the stem 

cambium at one or more places on the main trunk" (p. 1). 

The oldest bristlecone pine trees are usually char

acterized by a strip-bark trait where the cambium has died 

back leaving only a narrow strip of live bark running up the 

tree. The crown dies back proportionately. A strong corre

lation (r^ = .82) between live bark index and percent live 

crown was obtained from data collected on each site (Figure 
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20). It Is rather difficult to estimate'percent live crown 

since the original extent of the crown is unknown. On the 

other hand, live bark index can be readily determined simply 

by measuring the width of the live bark strip at 4.5 feet 

above average ground level and the radius of the tree at the 

same height and computing the ratio. For these reasons it 

seems unnecessary to attempt to describe trees as to percent 

live crown when live bark index correlates well with the 

proportion of live tissue for the tree as a whole. 

Adjusted live bark index generally increases directly 

with soil nitrogen, carbon, and clay (Figure 21); however, 

in situations where winds are strong enough to cause abra

sion, these relationships may be obscured. In plotting live 

bark index as a function of soil properties, the live bark 

indices were first adjusted to variation in tree ages using 

a linear regression technique described by Ostle (1966). 

The multiple regression equation which best expresses 

the relationship between adjusted live bark index and the 

measured site variables is shown below: 

Y = 3261 + .13N + .00092 Clay + 4.77 Slope -
54.44 Temp. 

Only 44 percent of the variability in live bark index was 

accounted for by the four variables in the regression equa

tion. The correlation coefficient, .66, was statistically 

nonsignificant. Much of the unaccounted variability could 

be attributed possibly to wind which has a pronounced eroding 
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effect on bark tissue of trees exposed to strong winds. Of 

the 44 percent of variability accounted for by the regression 

equation, 33 percent was accounted for by percent slope and 

air temperature alone. 

Tree Height 

The regression equation best explaining the variation 

of tree height includes five independent variables—total 

nitrogen, organic carbon, stone content, percent slope, and 

mean air temperature—related in the following manner: 

Y « -213.38 + .12N - .0035C + .40 Stone + 
.13 Slope + 3-59 Temp. 

The multiple correlation coefficient (R = .84) was statisti

cally significant. Interpreting the above regression equa

tion presents some problems even though it had the lowest 

mean-squared residual of all possible combinations of vari

ables. For example, the coefficients for nitrogen and carbon 

have opposite signs. In light of simple regressions previ

ously discussed, I would expect both should have positive 

signs. Johnston (i960) ran into a similar problem and con

cluded that "when high intercorrelations exist between the 

predictor variables (multicollinearity), the regression co

efficients become unstable." He noted that such equations 

should be used carefully and not extrapolated far beyond the 

range of data used in their computation. Wallls (1965) found 

that equations with conflicting regression coefficients can 

often be avoided by restricting the number of independent 
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variables used* The regression equation for tree height in

volved more variables than any of the other regressions com

puted in this study. Furthermore, of the 70 percent of 

variation in tree height accounted for by the regression 

equation, only 13 percent was explained by organic carbon 

and stone content together. It seems that their primary 

role in the selected regression was to further reduce mean-

squared residual„ In simple regression analyses, none of 

the independent variables were significantly related to tree 

height. 

Plant-Water Relations 

The ability of bristlecone pines to grow and attain 

great ages in harsh, typically dry habitats Indicates an 

adaptation of the species to withstand relatively high in

ternal water stress. Measurement of plant-water potential 

of bristlecone pines and certain associated species on con

trasting sites in the field and under controlled conditions 

in a growth chamber revealed that during periods of very low 

soil moisture, plant-water potential values as low as -32 

bars (negative pressure or tension) were attained. 

On July 8, 1968, just prior to the beginning of 

summer rains when soil moisture was at its lowest point (the 

snow having completely melted about four weeks previously), 

water potential studies were conducted on bristlecone pine 

and mountain mahogany growing on Hill 10,8*42 at an elevation 



of about 10,20 0 feet. Water potential of mountain mahogany-

plants growing on soils derived from quartz monzonite was 

compared with that of bristlecone pine and mountain mahogany 

growing on soils derived from Pole Canyon limestone (all 

sample plants on both substrates were within 200 feet of each 

other). The results as shown in Table 12 revealed that water 

potential of mountain mahogany on both substrates was sig

nificantly lower than that of bristlecone pine. These re

sults suggest that under similar conditions bristlecone pines 

have the capacity to maintain lower internal water stress 

than mountain mahogany plants either by extracting soil water 

more readily or by internally regulating water losses. 

Direct solar radiation has also been found to have 

an effect on plant-water potential (Klepper, 1968). Klepper 

noted significant differences in water potential values as 

measured on the sun and shade sides of individual pear trees. 

The sun-side values were as much as 8 bars lower than the 

shade side of the same plant. The differences were attrib

uted to increased transpiration on the sun side which in 

turn Increased water stress in the foliage of that side. 

This phenomenon was observed in many of the water potential 

measurements obtained in this study. In Tables 12, 13, and 

14, water potential values are listed with respect to the 

side of the tree sampled. The studies were all conducted in 

the afternoon; hence, the west side represents the sun side 

of the trees. The water potential measurements of plants 
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Table 12. Plant-water potential for brlstlecone pine and 
mountain mahogany on Hill 10,842 (July 8, 1968). 

Water Potential Avg. Soil 
Shade Sun Tree Moisture 
Side Side Avg. & Tension 

—negative bars-

Brlstlecone Pine 
Limestone 
Plant *1 21. 8 23.7 22. 8 
Plant 2 21. 5 21.5 21. 5 
Plant 3 24. 1 25.5 24. 8 10 .355 
Plant 4 24. 1 24.1 24. 1 15 bars 
Plant 5 21. 8 20.7 21. 3 
Plant 6 21. 5 21.5 21. 5 

Means 22. 5 22.8 22. 7 
Dlff. between sides 3ns 

Mountain Mahogany 
Limestone 
Plant 1 31. 0 32.5 31. 8 10 .3% 
Plant 2 24. 5 25.5 25. 0 15 bars 

Means 27. 8 29.0 28. 4 
Dlff. between sides 1. 2ns 
Diff. between species 
on limestone 5. 7* 

Quartz Monzonite 
Plant 1 23. 4 25.9 24. 7 
Plant 2 23. 4 25.9 24. 7 8 .1% 
Plant 3 25. 8 23.7 24. 8 11 bars 
Plant 4 25. 5 25.5 25. 5 

Means 24. 5 25.3 24. 9 
Diff. between sides 4 8ns 
Dlff. between M.M. (Q. 
Monz.) and M.M. (Lime . )  3. 5* 

ns = Nonsignificant. 

"Statistically significant at the 5 percent level. 
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Table 13. Plant-water potential for bristlecone pine and 
limber pine in Wheeler Peak area (August 23, 1968). 

Water Potential Avg. Soil 
Shade Sun Tree Moisture 
Side Side Avg. & Tension 

negative bars 

Bristlecone Pine 
Plant 1 8.3 18.7 13.6 
Plant 2 5.3 8.3 6.8 
Plant 3 8.1 16.8 12.5 26.9% 
Plant 4 2.5 8.1 5.4 1.3 bars 
Plant 5 14.2 16.7 15.5 
Plant 6 5.1 7.1 6.1 

Means 7.3 12.6 10.0 
Diff. between sides 5.3* 

Limber Pine 
Plant 1 9.3 19.2 14 .3 
Plant 2 14.1 8.2 11.1 
Plant 3 14.2 17.2 15.7 26. 9% 
Plant 4 13.4 8.1 10.7 1.3 bars 
Plant 5 14.4 19.2 16.8 
Plant 6 9.2 9.3 9.3 

Means 12.5 13.6 13.0 
Diff. between sides l.lns 

Diff. between species' 
means 3.0ns 

*Statistically significant at the 5 percent level, 

ns = Nonsignificant. 
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Table 14. Plant-water potential for bristlecone pine on 
east and west sides of Bastian Peak (August 14, 
1968). 

Water Potential 
Shade 
Side 

Sun 
Side 

Tree 
.Avg. 

Avg. Soil 
Moisture 
& Tension 

negative bars 

Site 1 (East Slope) 

Diff. between sides 6 . 2 *  

Plant 1 2.6 14.5 8.6 
Plant 2 5.2 14.5 9.8 
Plant 3 2.9 8.8 5.9 
Plant 4 8.1 14.3 11.1 
Plant 5 5.4 13.9 9.6 
Plant 6 8.2 9.0 8.6 

Means 5.4 12.5 8.9 
Diff. between sides 7.1* 

Site 2 (West Slope) 
Plant 1 8.2 15.0 12.7 
Plant 2 2.5 15.4 9.0 
Plant 3 8.1 17.3 12.8 
Plant 4 14.3 14 . 3  14.3 
Plant 5 8.6 16.4 12.6 
Plant 6 14.3 14. 4 14. 4 

Means 9.3 15.5 12.6 

25. 
1,6 bars 

25. 455 
1.0 bars 

Diff. between site means 3.7< 

^Statistically significant at the 5 percent level. 
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(both species) on Hill 10,842 (Table 12) did not differ sig

nificantly between the sun and shade sides of the crowns. 

However, there were significant differences between sun- and 

shade-side measurements for bristlecone pines tested on 

Wheeler Peak (Table 13) and Bastian Peak (Table 1*0. The 

water potential values for opposing sides of the crown of 

limber pines tested on Wheeler Peak (Table 13) were not sig

nificantly different. 

Water potential tests on bristlecone pines and asso

ciated limber pines within the Wheeler Peak area were con

ducted on August 23, 1968, well into the rainy part of the 

summer; consequently, water potential values were not as low 

as those obtained on Hill 10,8*12. The results in Table 13 

show that mean water potential of limber pine was slightly 

lower than that of bristlecone pine growing in the same area 

and at similar soil moisture levels. The difference, however, 

was not statistically significant. 

Table 14 shows the results of water potential mea

surements obtained on the afternoon of August 1^, 1968, on 

Bastian Peak. Here bristlecone pine trees growing on the 

west-facing slope (Site 2) were compared with those growing 

on the east-facing slope (Site 1)> Water potential of trees 

growing on the west slope was significantly lower than that 

of trees on the east slope. This was expected since soils 
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on the east slope had higher moisture content, higher clay 

content, and were deeper-than soils found on the west slope. 

The apparent relationship between plant-water poten

tial and soil moisture observed in the field was borne out 

in laboratory studies. The effect of prolonged drought on 

water potential of bristlecone pine and limber pine seedlings 

(potted in soils derived from limestone) is shown in Table 

15. Without exception, there was a decrease in water poten

tial in each of the plants as soil moisture decreased. This 

relationship is shown in Figure 22 in which mean water poten

tial for each weekly run is plotted against mean soil mois

ture percentage for each of the pine species. Correlation 

coefficients were computed separately for each species using 

soil moisture and water potential values for the individual 

plants. The correlation coefficient was -.76 for bristle-

cone pine and -.7*1 for limber pine. Both were highly signif

icant . 

It is apparent from the data in Table 15 that there 

was a wide variation in both water potential and soil moisture 

between plants. Differences in seedling vigor might have 

contributed to the variability in water potential results in 

the laboratory tests. The area from which the seedlings were 

collected was quite rocky; because of this, it was difficult 

to remove seedlings without injury to some of the root hairs. 

Some plants seemed to recover from the transplanting ordeal 

better than others. This appears to be reflected in water 



Table 15- Plant-water potential with corresponding soil moisture percentages for 
four different dates (Runs). 

RUN #1 RUN #2 RUN #3 RUN #4 
Water Soil Water Soil Water Soil Water Soil 
Pot. Moist. Pot. Moist. Pot. Moist. Pot. Moist. 

(-bars) % (-b ars) % (-bars) % (-bars J % 

Bristlecone Pine 

Plant 1 9.5 19-^7 17-8 12.99 24.9 10.69 31.6 9.21 
Plant 2 5.7 24.19 11.8 14.40 14.5 10.73 14.5 9.22 
Plant 3 2.6 23.83 5.9 14,81 30.1 10.92 31.2 9.16 
Plant 4 7.6 27.02 8.2 16 c 75 11,8 11.95 14.5 9.38 
Plant 5 2.6 15.70 9.8 12.18 13.6 9.68 20.0 9.20 
Plant 6 5.4 15.70 18.9 12.18 18.9 9.68 20.0 9.20 

Avg. 5.6 20.98 12.1 13.88 18.9 10.61 22.0 9.23 

Limber Pine 

Plant 1 8.2 19-47 21.8 12.99 28.0 10.69 32.5 9.21 
Plant 2 3.1 24.19 6.9 14.40 18.2 10.73 14.5 9.22 
Plant 3 2.6 30.67 7.0 20,52 10.6 13.82 12.1 9.18 
Plant 4 2.6 37.83 4.9 23.30 14.1 14.53 14. 5 8.50 
Plant 5 15-7 21.88 21.8 14 .04 28.0 10.07 31.0 7.44 
Plant 6 15.7 21.88 21.8 14.04 28.0 10.07 31.0 7.44 

Avg. 8.0 25.99 14.0 16.55 21.2 11.65 23.2 8.50 

i-" 
t—• 
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potential values of some of the seedlings. In each labora

tory test, mean water potential for the bristlecone pine 

seedlings was slightly higher than that for the limber pines. 

In each case, however, the differences were judged statis

tically nonsignifleant. 

The lowest plant-water potential values obtained in 

the laboratory study (Table 15) were -31.6 bars for bristle-

cone pine and -32.5 bars for limber pine. The soil mois

ture level at the time of these measurements was about 9 

percent for both plants (soil moisture tension of approxi

mately 19 bars). 

Results of the laboratory study of plant-water poten

tial indicate that permanent wilting of both limber and 

bristlecone pine seedlings growing under controlled condi

tions corresponds to leaf water tensions in the range of 30 

to 40 bars and soil moisture content of 6 to 9 percent, which 

corresponds to soil moisture tension values of 20 to 30 bars 

(Figure 23). This observation was further supported by the 

fact that average soil moisture content was 6.8 percent for 

several potted bristlecone pine seedlings "which were allowed 

to wilt beyond the point of recovery. Scholander et al. 

(1965) found that water potential of most non-desert conifers 

seldom exceeds -25 bars. Bristlecone pine, then, appears to 

be able to withstand higher internal water stress than many 
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other non-desert conifers. This characteristic could be 

important in enabling bristlecone pine to grow on dry sites. 

Stand Characteristics in Relation to 
Environmental Factors 

Bristlecone pines reflect in their appearance the 

nature of the habitats they occupy. Not only do the indi

vidual trees express the hostility or beneficence of their 

growing conditions, but certain stand features also serve as 

useful indicators of site quality, even at considerable dis

tances when individual tree characteristics cannot be clearly 

seen. For example, in east-central Nevada aerial photos are 

useful in locating and tentatively mapping bristlecone pine 

stands, particularly those on harsh sites. Figures 24 and 

25 show the Wheeler Peak and Bastian Peak bristlecone pine 

sites as they appear on aerial photos. On the photos one 

can readily see how stand density varies between sites. 

Stand density is especially low on Wheeler Peak Sites 2 and 

5 which are located at timberline on lateral and terminal 

moraines, respectively. On the basis of site factors and 

tree characteristics, both sites are considered harsh habi

tats. The wide spacing of trees, high proportion of stone 

cover, rough topography, and high elevation (near timber-

line) are typical features of harsh bristlecone pine sites. 

Each of these features can often be recognized on good aerial 

photos of appropriate scale. The more favorable bristlecone 

pine sites are generally more difficult to distinguish on 
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Figure 24. Aerial photo showing the Wheeler Peak study-
sites. Note the wide spacing of trees on Sites 
2|and 5 and the stoniness of the area. (scale: 
4'f = 1 mile) 
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Figure 25. Aerial view of the Bastian Peak study sites, 
(scale: 4" = 1 mile) 
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aerial photos because stand density is greater and associated 

tree species tend to be more abundant. Site 6 is a good ex

ample of such a situation (Figure 26) c 

The relationship between stand characteristics and 

topography is quite apparent on Bastlan Peak. Figure 27 

shows the gentle terrain on the east side of the ridge (Site 

1) and the stand of relatively well-formed trees growing 

there. Figure 28 shows the steep, stony west slope of the 

ridge (Site 2) and its stand of malformed trees. Soil depth 

and amount of soil per foot of depth are possibly Important 

factors contributing to the differences between stands. 

Average soil depth was 38 inches on Site 1 compared with 21 

inches on Site 2. 

Although potential bristlecone pine sites can be 

located on aerial photos, ground checks are always required 

in order to distinguish between bristlecone pines and asso

ciated tree species. Limber pine stands are often confused 

with bristlecone pines when viewed from a distance. 

Another stand characteristic associated with harsh 

bristlecone sites Is the prevalence of exposed wood on trees 

eroded by windblown ice and snow (Figure 8, p. 57). The 

light-colored eroded wood of trees growing on exposed, stony 

sites is a conspicuous feature that stands out even at dis

tances of several miles (Figure 29). 
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Figure 26. Where growing conditions are more favorable, 
brlstlecone pine stands are less conspicuous 
than on harsh sites because of greater stand 
density, a larger proportion of associated 
trees, and better growth form of the trees 
(Site 6 - Wheeler Peak). 
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Figure 27. Gentle slopes on the east side of Bastian Peak 
(Site 1) support a relatively dense stand of 
tall, healthy-looking bristlecone pine trees. 
The high point of the distant mountain range at 
the top of the picture (looking southeast) is 
Wheeler Peak. 

Figure 28. On the west side of Bastian Peak (Site 2) the 
slopes are steep and rocky, and the trees are 
gnarled and eroded. 
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Figure 29. Light-colored, exposed wood of bristlecone pine 
trees is generally indicative of harsh sites 
(Hill 10,842 viewed from southwest). 



CONCLUSIONS 

Bristlecone pines apparently can withstand harsh 

growing conditions better than the other trees endemic to 

its range. On sites where groviing conditions are severe, 

bristlecone pines often form essentially pure, although 

sparse, stands. The adverse sites are characterized by shal

low, stony, poorly developed soils; porous, excessively well-

drained geologic substrates; and rugged, exposed topography. 

Bristlecone pine's intolerance of shading makes it 

a poor competitor where site conditions favor good growth 

and dense stands. Bristlecone pine comprises only a small 

percentage of the total tree cover on some of the better 

sites within its range. On such sites Engelmann spruce and 

limber pine commonly dominate the vegetation. 

Analyses of variance and regression analyses—both 

simple and multiple—proved useful in identifying environ

mental factors and soil properties that relate to growth and 

distribution of bristlecone pine. Because of strong inter

relations between the environmental and soil variables con

sidered in the analyses, no definite conclusions can be drawn 

as to the causal mechanisms involved. However, the statisti

cal approach used here does provide a basis for assessing 
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functional relationships between brlstlecone pine and compo

nents of its environment. The following relationships were 

shown: 

(1) Wind appears to have a pronounced influence on 

growth of brlstlecone pine. Physical abrasion is evident on 

many of the exposed trees. Furthermore, mean ring width is 

significantly less on the windward sides of many trees which 

reveal only minor signs of physical abrasion. 

(2) Tree growth, as measured by mean ring width, is 

greater on sites where soil moisture is highest, 

(3) Brlstlecone pines on sites with north and east 

exposures generally have wider growth rings, taller boles, 

fuller crowns, and a higher proportion of live bark than 

those on sites with south and west exposures. 

(4) Growth rates and tree form are best on sites 

where soils are relatively high in nitrogen, organic carbon, 

and clay. A multiple regression equation computed for mean 

ring width involved three of the six predictor variables con

sidered in the analysis—organic carbon, clay (both with 

positive coefficients), and mean air temperature (with a 

negative coefficient). The relationship was highly signifi

cant (R2 = .83). 

(5) The multiple regression equation of "best-fit" 

for mean sensitivity included only two variables—organic 

carbon (negative coefficient) and air temperature (positive 
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coefficient). The relationship was also highly significant 

(•R2 = .55)o 

(6) Seventy percent of the variability in tree heights 

was accounted for by five variables—nitrogen, organic carbon, 

percent stone content, percent slope, and mean air tempera

ture. Although statistically significant, this equation was 

difficult to interpret from a biological viewpoint because of 

apparent contradictory regression coefficients. 

Plant-water potential, expressing the internal water 

relations of plants, was found to be significantly and 

directly related to soil moisture. Mean water potential of 

bristlecone pines was shown to be significantly higher than 

that of some plants growing in association with them under 

similar conditions. The capacity of bristlecone pines to 

maintain relatively low internal stress on harsh sites during 

periods of low soil moisture may account in part for the 

dominance of this species in the most adverse habitats. 

Bristlecone pines reflect in their physical appear

ance the nature of the habitats they occupy. On adverse sites 

the pines generally have a characteristic stunted, weather-

beaten appearance with a high proportion of dead tissue. On 

the other extreme, where growing conditions are better, the 

trees are relatively tall, straight, and vigorous. 
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APPENDIX 
Table 1. Tree-ring data and site characteristics of cored trees, by sites. 

Mean Ring Width Mean Sensitivity 
Tree Core Core Core Core Expo

Location No. A B Tree A B Tree Slope LBI DBH sure Age 
—.— —mm— % in. yrs. 

Wheeler Peak 
Site 1 17 .46 .25 .35 .254 .259 .226 5 628 10 N 350 

173 .27 .38 .32 ,226 .207 .155 40 628 23 NW 900 
236 .37 .24 .31 .198 .307 .179 15 200 42 E 1330 
240 '  29  .46 .38 .289 .201 .229 60 100 41 NW 1300 
4 .40 .46 .43 .225 .224 .205 20 628 16 E 390 
19 .46 .44 .45 .239 .282 .237 5 628 13 N 280 
15 .40 .46 ,43 .362 .271 .293 5 628 23 S 420 
13 .69 . 29  .49 .185 .325 .209 10 628 16 N 310 
237 .21 .26 .24 .320 .367 .316 60 550 27 NW 1430 
239 .29 .34 .31 .233 .264 .218 20 580 48 E 1890 

Site 2 52 • 36 .42 .39 .234 .250 .198 10 314 52 SE 1620 
46 .26 .27 .26 .354 .374 .234 10 175 28 NE 1300 
37 .49 .50 .50 .176 .184 .110 5 300 13 N 390 
43 .24 .12 .18 .271 .364 .233 15 415 15 NE 1000 
38 .48 • 37 .42 .208 .253 .165 10 375 35 NE 720 
44 .34 .15 .24 .280 .296 .199 5 200 33 N 1682 
39 .47 .23 ,35 .325 .400 .317 20 250 25 SW 610 
7 .38 .28 .33 .202 .241 .178 40 450 33 NE 1280 
51 .54 .49 .52 .229 0 288 .235 5 628 11 N 310 
49 .15 .31 .23 .317 .278 .213 10 300 29 NE 1650 

Site 3 136 *33 .24 .28 .339 .314 . 256  45 628 6 W 230 
133 .43 c 54 .49 .259 .226 .229 50 628 14 W 360 
263 .23 c24  • 23 .347 .291 .230 50 450 21 W 1110 
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APPENDIX 
Table 1. (Continued) 

Location 

Mean Ring Width Mean Sensitivity 
Tree Core Core Core Core Expo
No. A B Tree A B Tree Slope LBI DBH sure Age 

—mm— % in. yrs. 

135 .31 .19 .25 .251 .298 .226 50 250 26 W 1390 
131 .50 .19 .34 .243 .321 .213 60 325 28 W 940 
60 .62 .38 .50 .278 .331 .241 15 628 13 w 250 
140 .23 .26 .25 .247' .220 .160 50 300 28 w 1200 
57 .34 .26 .30 .283 .283 .225 30 628 17 w 480 
139 .16 .09 .13 .291 .332 .238 45 260 24 w 240 
134 .31 .19 .25 .226 .302 .208 45 150 39 w 1409 

27 .27 .26 .26 .364 .284 .251 60 628 15 N 410 
29 .45 .55 .50 .244 .209 .192 60 628 8 N 260 
31 .63 .49 .56 .163 .200 .168 60 628 16 N 340 
12 .45, .32 .38 .231 ,249 .211 55 628 23 N 430 
28 .46' .24 .35 .220 .311 .179 50 628 20 N 400 
32 .32 .73 .53 .266 .232 .236 65 628 14 N 200 
36 .52 .48 .50 .272 .281 .238 55 6 28 15 N 310 
35 .43 .41 .42 .200 .211 .183 65 628 19 N 370 
26 .32 .25 .29 .207 .268 .204 50 628 26 N 1100 
33 .38 .29 .34 .258 • 323 .236 65 628 16 N 380 

249 .19 .16 .18 .261 .282 .214 10 160 26 NE 1820 
164 .50 .20 .35 .192 .231 .178 0 50 37 N 1276 
153 .29 ,16 .23 .252 .294 .197 0 450 9 N 500 
166 .36 .23 .30 .292 .405 .260 10 628 8 SW 380 
144 .26 .08 .17 .422 .379 .289 35 628 6 NE 410 
152 .37 .26 .31 .192 .254 .182 20 628 14 NE 520 
161 .29 .18 .24 .229 .294 .216 10 628 12 NE 450 

Site 4 

Site 5 

U3 
UJ 



APPENDIX 
Table 1. (Continued) 

Mean Ring.Width Mean Sensitivity -
Tree Core Core Core Core Expo

Location No. A B Tree A B Tree Slope LBI DBH sure Age 
— —mm— % in. yrs. 

162 .44 .18 .31 .220 .238 .171 10 628 23 NE 800 
247 .19 .46 .33 .361 .234 .229 10 100 39 N 1480 
183 1.14 .14 .64 .360 .281 .262 10 100 30 N 580 

Site 6 91 .40 .31 .36 .314 .337 .281 15 628 10 N 290 
99 .15 .21 .18 .299 .307 .215 10 628 32 S 500 
89 .41 .41 .41 .284 .244 .235 15 628 14 N 430 
90 .29 • 34 .31 .220 .233 .212 15 628 11 N 350 
93 .34 .25 .30 .255 .248 .183 20 628 14 N 580 
95 .29 .31 .30 .267 .252 .174 30 628 6 N 260 
100 .63 .47 .55 .263 .218 .172 10 628 10 S 350 
108 .51 .43 .47 .242 .305 .203 10 628 11 E 470 
96 .44 .29 .36 .214 .205 .140 50 628 17 NW 480 
94 1.09 .81 .95 .255 .242 .163 15 628 15 N 190 

Bastian Peak 
Site 1 61 .40 .24 .32 .274 .316 .189 45 628 27 E 450 

63 .26 .27 .26 .248 .221 .172 45 628 3i E 1370 
74 .32 .28 .30 .318 .304 .276 0 628 28 E 480 
75 .44 .29 .37 .267 .230 .209 0 628 7 E 170 
67 .44 .36 .40 .201 .307 .230 40 628 27 E 400 
64 .39 .28 .34 .207 .283 .179 45 628 28 E 1010 
62 .62 .56 .59 .158 .139 .120 45 628 34 E 710 
66 .88 .68 .78 .254 .338 .103 40 628 33 E 470 
70 .44 .47 .45 .189 .223 .177 60 628 25 E 350 
72 .61 .56 . 58 .229 .224 .197 60 628 16 E 200 



APPENDIX 
Table 1. (Continued) 

Mean Ring Width Mean Sensitivity 
Tree Core Core Core Core Expo

Location No. A B Tree A B Tree Slope LBI DBH sure Age 
—mm— % in. yrs. 

Site 2 83 .23 .18 .20 .293 .349 .206 55 628 25 W 1470 
86 .30 .23 .27 .299 .373 .331 60 628 16 W 720 
85 .38 .29 .34 • 336 .339 .299 50 628 16 W 480 
222 • 74 .17 .46 .144 .306 .159 50 155 27 w 1930 
81 • 34 • 36 .35 .221 .221 .194 45 158 29 w 980 
221 .40 .13 .26 • 315 .347 .229 65 628 18 w 380 
228 .75 .34 .54 .318 .396 .258 50 300 29 w 620 
225 .47 .22 .35 .476 .554 .508 40 628 3 w 110 
226 • 59 .37 .48 .374 .359 .304 40 628 8 w 210 
223 • 32 .25 .29 .275 .336 .240 65 135 52 w 2260 

U) 
VJI 



APPENDIX 
Table 2. Soils data (upper 6 inches) for study sites. 

Location 
Sample 
No. Clay PH C N Stone* Slope Exposi 

1 

% 

26 5.8 

% 

2.254 

% 

.110 

% 

74.2 

% 

10 N 
2 22 5.4 3.004 .116 75.0 20 NW 
3 24 5.7 2.199 .094 52.9 5 E 
4 20 5.6 1.305 . 0 66 68.0 30 E 
5 27 6.0 2.783 .111 56.4 20 NW 
6 24 6.6 3.268 .160 10.1 0 N 
7 18 5-3 12.303 .102 10.5 0 N 
8 22 5.6 4,091 .200 49.1 20 SE 

1 26 5.8 4.948 .176 74.5 0 N 
2 28 5.6 4.727 .154 45.5 5 SW 
3 25 6.0 3.953 .150 82.2 20 SE 
4 26 5.7 3.575 .166 63.3 10 SE 
5 28 5.8 4.579 .154 45.4 0 N 
6 30 6.1 7.573 .138 53.7 0 N 
7 25 5.6 2.231 .118 71.3 0 N 
8 31 6.1 3.537 .157 55.4 0 N 

1 21 6.1 1.983 .079 68.2 60 W 
2 21 6.0 2.123 . 086 56.0 50 W 
3 15 6.3 1; 925 .073 69-2 55 W 
4 16 6.1 2.831 .103 72.0 40 W 
5 31 5.5 3.352 .178 80.5 10 W 
6 11 6.0 .802 .042 65.0 60 w 

Wheeler Peak 
Site 1 

Site 2 

Site 3 

*Stone content calculated as percent of total weight of soil and stone com
bined. 



APPENDIX 
Table 2. (Continued) 

Location 
Sample 
No. Clay PH C N Stone* Slope Exposure 

% % % % % 

7 32 5.5 3.433 .135 79.9 10 NW 
8 23 5.2 4.701 .154 75.4 5 NW 

Site 4 1 25 6.1 8.699 .087 69.4 50 N 
2 19 6.1 1.958 .086 74.6 50 N 
3 23 5.7 2.227 .095 70.8 55 N 
4 25 5.7 2.231 .062 42.6 60 N 
5 24 5.8 2.021 .093 69.4 50 N 
6 10 5.6 3.211 .105 78.4 60 N 
7 30 5.2 2.469 .128 56.6 50 N 
8 25 5.6 2.314 .067 40.2 50 N 

Site 5 1 14 5.8 .852 .037 33.7 5 S 
2 14 6.6 1.025 .051 59.4 0 N = 
3 15 6.2 2.051 .064 45.4 0 N 
4 16 5.8 .754 .063 45.6 0 N 
5 19 4.6 4.968 .076 52.5 0 N 
6 29 3.290 .145 58.2 0 N 
7 25 5.6 1.636 .154 64.8 0 N 
8 29 5-9 2.994 .184 34.1 0 N 

Site 6 1 18 5.1 1.349 .061 80.0 25 NE 
2 32 4.9 1.053 .055 34.0 5 NE 
3 16 6.1 1.643 .086 55.1 10 SW 
4 17 6.0 2.060 .081 78.0 0 N 

*Stone content calculated as percent of total weight of soil and stone com
bined. 



APPENDIX 
Table 2. (Continued) 

Sample 
Location No. Clay PH C N Stone* Slope Exposure 

% % % % % 

5 19 5.7 3.268 .132 55.0 5 SW 
* 6 23 5.0 4.339 .157 9.4 0 N 

7 17 6.0 .993 .048 73.3 40 NE 
8 30 5.0 1.731 .100 32.9 10 SW 

Bastian Peak 
Site 1 1 20 7.9 3-388 .135 54.7 40 SE 

2 32 7.3 5.176 .188 82.2 30 SE 
3 32 7.8 1.921 .137 55.2 0 N 
4 28 7.8 2.048 .147 54.2 60 E 
5 20 7.6 2.048 .105 43.8 60 E 
6 32 7.3 2.233 .115 55.7 40 E 
7 29 7.1 5.172 .224 69.3 50 SE 
8 20 7.5 3.432 .177 54.1 40 SE 

Site 2 1 29 7.2 3.394 .257 68.6 20 W 
2 27 8.0 4.224 .159 76.9 25 W 
3 21 7.6 3.590 .241 45.8 40 W 
4 22 8.0 7.422 .224 85.1 35 W 
5 21 7.9 3.945 .161 58.3 40 w 
6 24 7.8 9.157 .114 86.1 30 w 
7 24 7.8 6.223 .276 30.2 30 w 
8 23 6.5 6.319 .253 32.7 35 w 

*Stone content calculated as percent of total weight of soil and stone com
bined. 



APPENDIX 
Table 3* Tree characteristics and soil properties used in multiple regression analy

ses. All samples collected on Wheeler Peak sites. 

Mean Mean Live Mean 
Site Tree Ring Sensi Bark Stone Air 
No. No. Width tivity Index Ht. Slope Cover N C Clay Temp. 

mm ft. % % #/ac. #/ac. X 10~2 op 

1 19 .45 .237 628 21 1 75 395 102 761 52 
1 4 .43 .205 628 35 5 70 651 133 979 52 
1 237 .24 .316 350 41 60 79 190 37 577 55 
2 37 .50 .110 300 31 1 54 1075 303 1578 55 
2 38 .42 .165 375 37 30 61 795 210 1325 55 
2 52 • 39 .198 314 36 1 79 400 111 719 56 
2 46 .26 .234 175 17 10 89 177 33 376 56 
3 131 .34 .213 325 24 60 74 545 166 806 56 
3 60 • 50 .241 628 28 15 71 531 135 1249 54 
3 133 .49 .229 628 29 50 39 657 164 1716 54 
4 12 .38 .211 628 40 55 78 383 74 906 54 
4 27 .26 .251 628 21 60 93 99 31 95 55 
4 26 .29 .204 628 32 50 80 257 61 625 53 
4 31 .5 6 .168 628 36 50 39 771 168 1973 55 
5 164 .35 .178 50 19 2 59 284 57 802 56 
6 100 • 55 .172 628 24 10 50 897 222 1298 52 
6 108 .47 .203 628 29 60 27 600 134 1786 54 

uo 
V£> 
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