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INTRODUCTION

The bristlecone pines are of exceptional interest for studies of past

environmental changes and especially of climatic changes. Individual trees

of these species attain ages approaching 5000 years, and the wood of dead

trees can remain intact for several thousand years more. These characteris-

tics permit the development of very long tree-ring chronologies. Further-

more, ecological and environmental changes are shown by the age structure

of the forest and by presence of logs, stumps, and wood remnants in areas

that are now unforested.

The Great Basin bristlecone pine (Pinus longaeva D. K. Bailey) and

the closely related Rocky Mountain bristlecone pine (P. aristata Engelm.)

are widely distributed in the high mountains of western United States.

However, the largest number of old trees and the greatest climatic

sensitivity of ring -width characteristics and of distributional patterns

are found at the western limits of the Great Basin species - in the

White Mountains of eastern California.
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CLIMATE

The White Mountains are unusually dry, even at high altitudes, because

they lie in the "rain shadow" of the Sierra Nevada, a few kilometers to

the west. Annual precipitation amounts within the bristlecone pine forest

zone range from about 250 mm at the lower forest border to 400 mm at upper

treeline. Maximum daily temperatures in July decrease from 21°C to 14 °C

within the same altitudinal range. The region is influenced by two major

circulation regimes. In the autumn, winter, and spring months, there is

westerly flow aloft, and precipitation is associated with migratory

depressions from the North Pacific. At high altitudes, this precipitation

usually falls as snow. In the summer months, depressions are normally

blocked by an expanded North Pacific high pressure zone. However,

expansion of the North Atlantic (Bermuda) high often causes moist, tropical

air to invade the region from the south and east, producing a secondary

precipitation maximum during July and August. The moisture normally falls

as rain from afternoon and evening thundershowers.

ECOLOGICAL FACTORS

The White Mountains are only sparsely forested. The bristlecone pine

forms scattered stands, pure or mixed with limber pine (P. flexilis James),

between the lower border of subalpine forest at about 2700 m altitude to

the upper treeline at 3500 m altitude. The fact that the bristlecone pine

has both upper and lower altitudinal limits in this high desert mountain

range has important implications for paleoclimatic research. These

altitudinal limits are determined by climatic gradients: precipitation

increases and temperature decreases with increasing altitude.
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The level of the upper treeline is basically controlled by the

temperature regime (LaMarche, 1973). This level represents a critical

altitude above which annual net photosynthesis is insufficient for main-

tenance and growth of trees. The decrease in nighttime temperatures with

increased altitude decreases the length of the warm season, in which the

trees are capable of photosynthesis. The decrease in daytime temperatures

also causes a decrease in daily net photosynthesis, and finally, the

increased length of the season of photosynthetic dormancy increases the

wintertime loss of stored photosynthates in these high altitude pines.

All of these factors are probably more critical for seedlings and saplings

than for established, mature trees, because these small trees have less

capacity for storage of photosynthates and are more vulnerable to a

succession of years with temperature regimes unfavorable for photosynthesis.

At the upper treeline, the temperatures of the warm season (April -October)

seem most important in determining both the maximum altitude at which trees

are able to grow and also the width of the annual rings. Long periods of

warm summers cause treeline to advance to higher altitudes and result in

formation of sequences of wide rings. Both the treeline fluctuation and

ring -width variations near upper treeline appear to be based ultimately

on role of temperature in regulating annual net assimilation.

Climate influences trees differently near the lower forest border

(Fritts, 1969). Here, adequate moisture seems to be most important in

determining where trees will grow and is also the key factor in the growth

of wide annual rings. The lower limit of trees on relatively mesic

north -facing slopes lies at the lowest elevation at which soil moisture
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content is sufficiently high over sufficiently long periods of time to

permit the establishment of seedlings and the survival of trees. A

climatic change toward increased precipitation, decreased temperature,

or both, would favor a downward movement of the lower forest border, and

the growth of wider annual rings in low- altitude trees.

DENDROCLIMATOLOGY

Long, climatically "sensitive" tree -ring records have been developed

for bristlecone pine near both the lower forest border and the upper

treeline in the White Mountains. These tree -ring studies were begun

in the early 1950's by Schulman (Schulman and Ferguson, 1956) and continued

by Ferguson (1968). Based on low- altitude specimens showing the "drought=

sensitive" response typical of trees near the lower forest border, this work

has resulted in an 8200 -year long annual ring chronology (Ferguson, 1972).

The major focus has been on the study of atmospheric radiocarbon variations

by comparative radiocarbon analysis of accurately dated wood specimens,

and the dating chronology was not developed for purposes of paleoclimatic

reconstruction. However, work currently in progress has yielded a 6000 -year

record of annual ring -width variations that is suitable for preliminary

interpretation of climatic variations as recorded by the drought sensitive,

lower- forest border bristlecone pines (LaMarche, Ferguson, and Woolfenden,

in press).

A more recent development has been the study of ring -width variations

in bristlecone pines at upper treeline. Begun in the late 1960's, this

work was done in conjunction with the study of past fluctuations in level

of the upper treeline. One result has been the construction of a 5405 -year
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upper treeline chronology (LaMarche and Harlan, 1973) that appears to

reflect long -term variations in temperatures in the White Mountains.

The low -altitude chronology basically records the occurrence of

droughts. These are periods of low precipitation or high temperature,

or both. The upper treeline chronology records periods of high or low

temperature. Therefore, comparison of the two records permits one to

distinguish the influence of temperature and precipitation variations.

Accordingly, past episodes of cool -wet, cool -dry, warm -wet, or warm -dry

climate can be characterized and accurately dated (LaMarche, 1974).

FLUCTUATIONS OF THE FOREST MARGINS

Study of the distribution and ages of stumps, logs, and wood remnants

in areas unforested shows the past history of the upper and lower

forest margins, and is an indication of changing environmental conditions.

Systematic work on this problem has been done only near the upper treeline

(LaMarche, 1973), where remnants of former forest trees are found as

much as 150 m above treeline. However, a few dates are available from

areas below the present lower forest border.

The history of the upper treeline in the White Mountains consists of

a net decline of 150 m within the past 7500 years. Periods of rapid

decline occurred between 1500 B.C. and 1000 B.C., about 500 B.C., and

between A.D. 1100 and A.D. 1500. The treeline has been rising since

A.D. 1850, and seedlings have become established 100 m above the low

treeline level reached between A.D. 1500 and A.D. 1850. Periods of rapid

treeline decline coincide with periods of cooler temperatures as inferred

from the ring -width record.
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Dating of low- altitude logs and remnants below the present forest

margin shows that trees have become established on such sites at different

times in the past, but that the sites have not been continuously forested.

In one area, the pith dates fall into two groups - one about A.D. 600, the

other about A.D. 1600. These are both times of unusually cool and wet

conditions, according to the ring -width chronologies.

AGE STRUCTURE

Reproduction of forest trees in climatically marginal areas may be

closely dependent on the occurrence of favorable climatic conditions.

Seed production, viability, germination, and seedling survival can all

be influenced by macroclimatic variations. Detailed studies of the age

structure of bristlecone pine stands has been made only in the upper

treeline environment (LaMarche, 1973). Here, reproduction decreased to

a minimum between about A.D. 1500 and 1850. At the same time, there was

greatly increased mortality of trees at the upper fringes of the forest,

and all of the trees above a certain elevation died. Within an altitude

range 50 m vertically below the treeline, reproduction dropped to zero during

this period. However, some previously established trees were able to

survive at altitudes above the upper limits of reproduction. The very

adverse and presumably cool conditions that prevailed during this time

are also reflected in very low growth rates in trees near upper treeline.
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CLIMATIC HISTORY

The major climatic trends and fluctuations in the White Mountains

during middle and late Holocene time can be inferred from studies of

bristlecone pine. The two main lines of evidence are changes in

distributional limits (particularly the level of the upper treeline) and

the variations of ring width in trees at upper treeline and near the

lower forest border.

The major climatic event of the past 6000 years was a change from

generally warm to cooler and probably moister conditions between 1300 B.C.

and 1100 B.C. This is shown by changes in average ring widths in trees

near both distributional limits and by a decline in the level of upper

treeline. The preceding period, from 4000 B.C. to 1300 B.C., although

warmer and drier than the subsequent millennia, was punctuated by a brief

cool -wet episode between 3100 and 2800 B.C. The period from 2800 to 1300

B.C. was warm and moderately dry. Upper treeline may have risen early in

this period. From 1100 to 200 B.C., the White Mountains were cool and

moist. A warming between 200 B.C. and A.D. 300 was followed by renewed

cooling, reaching a minimum in about A.D. 900. A very abrupt temperature

rise followed, culminating about A.D. 1200. This was followed by an

extended cool period, during which upper treeline again declined, reproduction

ceased near upper treeline, and ring -width growth was suppressed at high

altitudes. Warmer conditions have characterized the period since about 1850.

Tree -growth rates have increased, and the upper treeline has been advancing.
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