would ensue, it would seem that a mature individual
should be supported at least as freely as a fellow not
yet fully matured. The very fact that faculties no
longer have much to do with the academic governing
of their institutions might be offset by such a free
award process, and this process might tend to restore
desirable control to faculties.

In the event of a free award process being adopted,
it would seem that capable persons of like interests
would gather together at various institutions and that,
in order to keep them there, the institution would offer
a favorable atmosphere for the kind of teaching and
research which such persons judge to be most suitable.
Slowly the schools would conform to certain acknowl-
edged desirable quanta of curriculums and research.
This might be the very process needed to eliminate
imbalances, to strengthen faculty control of academic
matters, and to restore the universities to their proper
mission in society, not in a disruptive sense, but slowly
and in a wise and progressive manner. The work of
research foundations would gradually be diverted to
industrial and government laboratories. University
presidents would again become academicians, and the

research coordinators would find other spheres of ad- -

ministgation.

One could envisage the creation of a junior-inves-
tigator type of personal research grant to be awarded
for three years, with the restriction that the individual
must find a suitable faculty home and that he must
teach not less than one-quarter and not more than one-
half time. The amount the institution would pay for
the time devoted to teaching would increase this
stipend. After this, there could be offered a senior-
investigator personal research grant, on the same
terms and with the same restrictions. This also might
be offered for three years, with the option of renewal

depending ‘upon performance and productivity. Fi-

‘nally would come the career-investigator stage.’ It

might be awarded for five-year periods, with the re-
striction that not more than one-quarter time be spent
in teaching. Review of performance and produectivity
would again be part of the picture. In each case the
stipend is augmented by part-salaries for the teaching
done.

This system would obviously demand a great deal
of sober and wise selection of persons and periodic
review of performance, but this is the very place to
use the senior men of science. Their time might better
be devoted to such judging than to scanning proposals
for individual projects.

Although the whole college faculty population could
not be supported in this manner, a sufficient number
could be so supported as to enrich all faculties and to
provide a leavening that would stimulate the teachers
and workers who are not so supported or who do not
remain in this support cycle all their lives. For those
people who are selected to begin such a program or
for those who never participate in the program, ac-
cessory programs could be developed and administered
to stimulate additional young individuals or to fur-
nish small grants for quarter-time and summer-time
research support for persons who are primarily teach-
ers. The effect on both teachers and students should be
inspiriting, and, in due time, it might be hoped that
such a system would slowly and painlessly alleviate
such problems as now confront the nation—manpower
needs, adequate training, betterment of curriculums,
increase of basic research, and regeneration of the
schools. This program of continued support for su-
perior persons, along with desirable accessory pro-
grams, functioning at its optimum would, in effect, be
a science policy for the nation.

2 D)

Longevity under Adversity in Conifers’

Edmund Schulman

Division of Geological Sciences, California Institute of Technology,® Pasadena

On marginal sites in semiarid regions of the western
United States, trees of several coniferous species have
been found that far exceed the generally accepted
maximum ages for these species. The annual stem
. growth of such trees is extremely small (1); never-

1 Abstracted and extended from ‘Iree-Rings and Climatic
Changes in Western North America,” contract report of June
20, 1953, to the Office of Naval Research. The cooperation of
the U.S. Forest and Park Services in all field work is much
appreciated. The White Mountain pines were sampled through
the courtesy of S. F. Cook and Nello Pace (ONR Research
Reviews, March, 1952, frontispiece). Support by the Ameri-
can Academy of Arts and Sciences made possible the Pata-
gonian survey of 1949-1950. I am much indebted to Frits W.
Went for field aid during September, 1953. Much of this work
has been done under the auspices of the University of Ari-
zona, from which the writer is on leave.

2 Contribution No. 663.
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theless, the width of the annual rings in many of these
trees is particularly sensitive to the varying rainfall
from year to year (2). This remarkable combination
of longevity and sensitivity makes it possible to derive
tree-ring indices of past year-by-year rainfall that are
more reliable than indices based on the much younger
trees found on less arid sites. Field sampling has been
largely limited to conifers because, in the areas stud-
ied, they live longer than the hardwoods, are far more
extensively distributed, and have rings that are easier
to date and interpret than the rings in most hardwood
species.

During some 15 field seasons, in each of which an
intensive search was made for overage coniferous
trees, criteria have been recognized that aid in finding
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the oldest ones. The types of sites that had been found
to be favorable for sensitive growth reaction to dry
or wet years (3), such as steep rocky slopes or ridges,
lower forest limits for the species, and open stands,
were also found to favor longevity.

Special characteristics of the oldest individual trees
seem to be (a) low ratio of height growth to diameter;
(b) sparse foliage; (c) relatively smooth and thin
bark; (d) gnarled or spiral growth in some species;
(e) centuries-long longitudinal retreat of the cambium-
edge from the leaders (here called endogenous dieback,
for this spike form of the dead leaders should be

_distinguished from the characteristic branchlet-covered
form that results from the rapid killing by pests);
and (f) lateral retreat of the cambium-edge in some
species, as shown by barkless stem areas or by one or
more barkless strips along the branches, down the
stem, and along exposed roots.

Although the overage drouth conifers are found on
very thin or patchy soils derived from both sedimen-
tary and igneous rocks, the former type, particu-
larly the limestone group, seems to provide a more
favorable environment for maximum attainable ages.
‘Whether this is related to specially favorable soil
properties or to biotic factors is not known.

The part of the species range in which the tree is
located also seems to be closely related to its potential
longevity. For each of the extensively sampled spe-
cies, one or more areas of absolute maximum age have
been found; in other areas, the maximum ages tend
to be lower with distance from the “high,” in a pattern
similar to that of the isolines on weather maps.

Numerous living giant trees of many species are
said to be at least 3000 yr old (£); these ages are
based on estimates of growth in the outer stem, growth
in neighbors, size alone, or legend. Most, or possibly
all, such trees, éxcept a few standing giant sequoias,
are perhaps much overestimated, for it is becoming
increasingly clear that almost all very large trees are
growing in locally favorable environments and have
relatively rapid early growth. Instrumental and other
problems have not, in general, permitted bark-to-pith
coring of these trees, which, when followed by precise
ring dating, is essential to the true age determination.
Of the thousands of examined stumps of giant se-
quoias, only four have yielded verifiable ages in excess
of 3000 yr (3, 5). The oldest of these, felled in 1892,
was found to have an inner-ring date of 1307 B.c. on
the stump sample, to which may be added about 10 yr
of center growth decayed away and some 5 yr of
height growth to stump-top.

Far shorter than in Sequoia is the normal maximum
life span in Pinus, which for various American species
has for decades been considered to lie approximately
within the range of 100 to 600 yr (6). Only recently
have verifiable maximum ages exceeded this by 2 or 3
centuries (7). If we confine the list of maximum ages
to those based on actual ring analysis, no pines are
known in Seandinavia above 550 yr (8) or in central
Europe above 750 yr (4), as far as the writer is aware.
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However, estimates of maximum ages of pine far
exceed the limits noted. One, made by Klein in 1899
and fully discussed by Molisch, of about 1100 yr for
a Swiss stone pine seems safer than most. In recent
years, the high altitude bristlecone pines in the White
Mountains of California were recognized by National
Forest personnel as likely to reach unusual ages, and
a selected stand has recently (November, 1953) be-
come especially protected in a natural area. In the
Grand Teton Mountains of Wyoming, Griggs esti-
mated whitebark pine (P. albicaulis) to reach 1500 to
2000 yr (9), on the basis of maximum diameters and
the observed growth rate in smaller trees.

Although the uncertainty in estimates such as those
cited is widely recognized, it appears from work dur-
ing the last two field seasons that the verifiable maxi-
mum ages in certain species of Pinus do, in fact, far
exceed the long-established limits. The trees of great
longevity that have been found recently are all from
environments strongly limited with respect to moisture
or temperature or both.

It may be noted in Table 1 that the two oldest pine
trees presently known are represented, respectively,
by 1658 and 1495 yr of growth on the increment cores.
Both trees are sound and would appear to have life-
expectancies still measurable in centuries. One may
also note that (a) the species, limber pine and bristle-
cone pine, in which the maximum ages have been found
have been only spottily sampled, (b) the maximum-
age distribution patterns for these species are thus
particularly ill-defined, and (c¢) other long-lived spe-
cies of pine remain to be studied. Thus, we may con-
clude that pine trees of certain types can at least
slightly exceed 2000 yr in age.

Of physiological interest is the limit to the slowness
of annual stem growth in trees such as those reported
in Table 1. Sinee, in poor growth years, this limit may
be zero in a selected area of the eambium, even for
uninjured fast-growing. trees, the total radial growth
of a century is here examined. In the several thousand
North American drouth conifers now sampled, a total
accretion of less than 15 mm is common, 10. mm is
very rare, and 8 mm is the minimum anywhere in the
lower stem of these trees. The minimum radial growth
observed in a branch, in tree 3966 (Table 1), was
about 3 mm/century; the interval A.p. 362 to 1018,
when local death of the cambium on the measured
radius oceurred, showed an over-all mean growth rate
for the 657 yr of almost exactly 0.04 mm /yr.

Since the average annual radial growth in the lower
stem of a mature drouth conifer is of the order of 0.3
mm and the standard deviation in its ring widths is
found to be 20 to 40 percent or more, a high incidence
of locally omitted annual rings could well make pre-
cise dating of the ring sequence impossible. Omission
of a ring in any increment core represents, of course,
loeal quiesecence in cambial-cell division during the
entire growth season. of that year. Such omissions
seem to be relatively rare in those overage. conifers
that grow in the central and northern Rocky Moun-
tains and also at elevations above 8000 ft or so in the
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TABLE 1.

Some growth characteristics of the oldest known drouth conifers.

Mean ring .
Sapwood . Radius (mm Age (yr
Tree -Sampling Species® P Inner Outer width (mm) () ge ()
No.? date pecies” - ring, A.D. ring, A.D. -
(mm) (y1) " over-al M gamnte 1Ol qonple  Treet
Yy ver-all onury Sample (oo, y Sample Tee
3996 7/52 LBP 10 53 458 1952 0.27 0.08 402 500 1495 1700
4020 9/53 ¢ 296 1953 0.36 0.18 610 620 1658 1680
3966 7 7/52° ¢ 15 75 333 1953 0.255  0.128 428 428 1621 1650
4025 9/53 ¢ 20 84 584 1953 0.33 0.20 448 575 1370 1600
4026 9/53 BCP 26 86 535 1953 0.43 0.16 607 ° 750 1419 1500
4038 9/53 ¢ 655 — 1953 0.26 0.11 343 400 1299 + 1500
4057 10/53 ‘¢ 15 70 892 1953 0.36 0.15 384 525 1062 1400
2522 5/48 PNN 975 1947 0.43 416 416 973 980
957 10/41 ‘¢ 1089 1941 0.27 232 240 853 860
4002 7/52 PP 23 130+ 1110 - 1952 0.42 0.14 354 375 843 + 860
3084 6/50 DF 22 79 1080 1950 0.36 0.22 313 340 871 890
3335 9/50 ‘¢ 15 78 1084 1950 0.20 0.09 176 185 867 880
3339 9/50 ¢ 27 78 1092 1950 0.24 0.16 206 210 859 875
1456 8/44 BCS 28 125 1385 1944 0.50 0.23 278 325 560 625
2983 1/50 AL 23 175+ 713 - 1949 0.30 0.12 366 750 1237 4° 1800
3018 2/50 ¢ 12 170+ 652 — 1949 0.25 0.057 320 550 1298 + 1600
3773 7/51 SCJ 12 82 + 928 - 1951 0.388 0.16 385 760 1024 + 1500
3562 6/51 WwWJ 46 205+ 896 — 1950 0.31 0.20 320 575 1055 + 1300°

1 itzroye cupressoides (trees 2983 and 3018), a wet-climate species, is an exception, listed here for comparative pur-
poses. The rings in the two alerce and the two junipers at the end of the table were not datable. Data for tree 4088 represent
the central stem of ‘‘The Patriarch,” 87.7 ft in circumference, which was discovered by Ranger Alvin E. Noren.

2 Location :
3996 43° 46'N 114° 16’ W 6500 ft Sun Valley Area, Idaho
4020 37 382 118 08 10500 White Mountains, Calif.
3966 See 3996
4025-26 See 4020
4038 37 32 118 11 11300 White Mountains, Calif.
4057 37 25 118 10 10200 White Mountains, Calif.
2522 38 37 110 22 7200 N of Sunnyside, Utah
957 37 35 108 33 7500 N of Dolores, Colo.
4002 37 39 112 05 7000 Bryce Canyon Natl. Park, Utah
3084 39 48 110 20 7200 NE of Price, Utah
3335 39 37 106 51 6700 W of Bagle, Colo.
3339 See 3335
1456 38 43 116 44 4700 S of Idyllwild, Calif.
2983 42 34'S 71 53 4500 + Lago Cisne, Argentina
3018 41 50’'S 72 385 4500 Hornopiren Peninsula, Chile
3773 41 50'N 111 38 8500 NE of Logan, Utah
3562 37 57 119 13 8300 W of Leevining, Calif.
3 AL Alerce, Fitzroya cupressoides
BCP Bristlecone pine, Pinus aristata
BCS Bigcone-spruce, Pseudotsuga macrocarpa
DF Rocky Mountain Douglas-fir, Pseudotsuga menziesii var. glauca
LBP Limber pine, Pinus flexilis
PNN Pinyon pine, Pinus edulis
PP Ponderosa pine, Pinus ponderosa
SCIY Rocky Mountain juniper, Juniperus scopulorum
wIJ Western juniper, Juniperus occidentalis

4 A minimum number of years were added to those on the sample, on the basis of early growth rate, estimated length of

untapped radius, and estimated sapling age at sampling level.

5Tree cut Sept. 18, 1953 ; entry represents the 1952 increment core. with inner ring at a.p. 563.

¢ Bast radius ; west radius, 1210 rings in 343 mm ; south radius, 1094 rings in 251 mm.

7 Quter 130 rings in 6.0 mm ; outer 800 rings in 99 mm ; inner 50 rings in 45 mm.

8 Inner two centuries on core 0.66 mm ; inner 50 yr, 0.90 mm ; this is the Old Utah or Jardine Juniper (ref. 4, Fig. 7).

9 Several weathered western .juniper trees north of Tenaya Lake, Yosemite Natl. Park, yielded ring counts on eroded stem
surfaces which seem to place them in the 2000-yr class, but no successful boring of these trees has yet been made.

Southwest. This is fortunate, for it is in such areas
that the very oldest trees in the sampled species were
found. The low frequency of locally omitted rings
seems to be characteristic of growth in the upper, as
well as the lower, stem and also in the branches and
roots of such trees. False, or nonannual, rings are
rarely found and, when present, are easily recognized
in overage conifers.

Even at 10,000-ft elevation or as far north as lat.

51°, however, it was found that, in a small fraction
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of the inecrement cores from-overage trees, as many as
five or more rings were omitted per century. The
recognition of such omissions and, hence, the precise
dating of the entire sequence of rings on such a core
were possible for certain stands of trees—those in
which the amount of ring growth from year to year
was found to fluctuate more or less synchronously in
the various trees, so that detailed cross comparisons
in chronology could be made.

Although this discussion is primarily concerned with
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trees in arid or arid-alpine areas, certain features in
the growth of Fitzroya cupressoides (alerce), a South
American wet-climate tree, are of relevance here and
data are included in Table 1. The ring numbers in
these trees represent counts only, since no consistent
chronology was present in the succession of ring
widths in the older trees that would permit eross check
with neighboring trees. Thus, omission of rings, which
in the very crowded and highly variable ring sequences
in these trees may amount to several percent, cannot
be recognized. However, the annual nature of the ring
has been verified. Although, in many properties, trees
of this species bear some astonishing resemblances to
Sequoia, they appear able to reach much lower growth
rates. The record low accretion of some 4.6 mm in
radial stem growth per century, measured in the outer
130 + rings of tree 3018 (Table 1), is the more remark-
able in that it was laid down as normal growth in a
tree of good crown and entire bark, at about 4500-ft
elevation in a cold-climate mountain jungle enjoying
a mean rainfall of approximately 200 in./yr. How-
ever, the maximum stem diameter in Fitzroya does not
approach that in Sequoia; the largest alerce observed,
the “Silla del Presidente’ (10), near Puerto Montt in
southern Chile, had a diameter of 120 in. inside the
bark and above the basal flares. Growth on the stump,
a characteristic shell only, suggests an age of the order
of 2000 yr. On the basis of only a minor sample of the
small existing range, the two trees listed in Table 1
were the oldest standing ones found in Argentina and
Chile, respectively; all the old sampled trees of this
species showed center rot, usually advanced.

To what may we ascribe the great longevity under
adversity of trees such as those here reported? Ob-
served in the field were the well-recognized causes for
the death of trees: (a) gross destruction by man, fire,
insects, wind, erosion and imbalance, lightning, flood-
ing, and the like; and (b) more subtle destruction in
parasitic attack, especially that causing rot, and in-
sufferable climatic years with resulting starvation or
fatally weakened resistance to disease. Do trees be-
come senile, with death as the end stage? This is a
possibility many plant physiologists reject, accord-
ing to Molisch (4); he presents some evidence in
its favor. Is the inereased resistance to water trans-
port with growth in size (11) a factor of reduced im-
portance in the characteristically stunted trees here
reported? The following observations would seem to
be relevant to these questions.

1. The areas of maximum ages for each species have
maximum numbers of hardy, overage trees.

2. Extremely slow-growing overage trees of some
coniferous species tend, in general, to be relatively
free of center rot at ages that are associated with much
rottenness in fast-growing, favorably situated trees
of the same species. (Is center rot a form of dieback?)

3. Open stands, rocky sites, stunted size, and sparse

vegetation seem to inhibit the direet agents of de-
struetion.

4. Some individual resinous conifers, having suf-
fered severe mechanical injury, were stimulated to ex-
cess resin production and, thus, perhaps fought off
the agents of decay.

5. In Pseudotsuga menziesii and in the extensively
sampled species of Pinus, longitudinal retreat of the
cambium-edge has been observed in an essentially com-
plete range, the endogenous diebaek in 400 to 500-yr
trees at tips only culminating (in trees eenturies older)
in but one or two remaining living branchlets. In some
localities numerous dead snags testify to the end-
result. )

6. Laterally retreating cambium-edge has been ob-
served, in some species, to reach the stage in the oldest
trees of a single vertical or spiraling thin strip of
bark-covered living tissue, the trees still showing little
or no sign of center rot. In the analyzed species, lat-
eral retreat seems to be possible only in the presence
of longitudinal retreat; however, the latter may exist
with no visible sign of the former, as in Sequoia
gigantea.

Perhaps the most intriguing of the unanswered
questions regarding longevity in conifers has to do
with Sequoia gigantea trees, which, some believe, may
enjoy perpetual life in the absence of gross destruc-
tion, since they appear immune to pest attack. How-
ever, if we may reason by analogy in this case, the
endogenous dieback of the main stem, which is ob-
servable in all old trees of this species, and the relent-
less progress of this phenomenon with advancing age
in other species do not support this belief. Pertinent
also is the well-known fact that standing snags of this
species, other than those resulting from factors of
gross destruction, are unknown. Does this mean that
shortly preceding 3275 yr ago (or 4000 yr ago, if John
Muir’s [12] somewhat doubtful count was correct) all
the then living giant sequoias were wiped out by some
catastrophe? Does the probability of any individual
Sequoia surviving all the forces of gross destruction
for much more than 3000 yr become vanishingly
small?
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