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DOUGLAS FIR CHRONOLOGY IN SANTA CATALINA MOUNTAINS,
ARIZONA

EpMuND ScHULMAN

Western yellow pine, the dominant forest tree on the high island moun-
tains of southern Arizona, is largely replaced by Douglas fir on such rela-
tively moist sites as the upper north slopes of Mt. Lemmon in the Santa
Catalina Mountains, north of Tucson.! The chronology in yellow pine is
often obscured in southern Arizona, especially at the lower or “dry” forest
border, by difficult false rings and other irregularities,” in contrast to its
high value in northern Arizona. Recent studies reveal however that Douglas
fir wherever ‘it occurs in southern Arizona is very easy to crossdate and
contains a precipitation record of very high quality. The present prelim-
inary note is limited to specimens collected in October, 1940, on Mt. Lemmon
at an elevation of about 9000 feet.

Single increment-core records from each of six well-scattered firs were
merged by the usual methods® to yield an annual growth curve since 1545.
Individual specimens showed fine sensitivity and extremely good -agree-
ment in chronology (i.e., good crossdating). False rings were found to be
characteristically rare. Only one case of a locally-absent ring, at 1670,
existed in the 1764 rings examined, although several specimens showed an
average ring-width of less than 0.5 mm during some centuries and rings less
than 0.10 mm in width were relatively frequent.

It is unfortunately not possible to compare the Mt. Lemmon tree growth
with any nearby climatic station. The relatively long rainfall record at
Tucson represents a station at 6500 feet lower elevation than the specimen
site, and 15 miles distant.

Comparisons with the summer rainfall at Tucson indicate little relation
to Mt. Lemmon tree growth.

The Tucson winter rainfall, October to June, lowest curve in the figure,
in a general way shows close agreement with the growth curve in year-to-
year changes. Differences between the curves are traceable to (1) differ-
ences in the march of seasonal precipitation at Tucson as compared with
that at Mt. Lemmon; the annual average at the latter site is probably three
times as great as that at Tucson and, for the summer rains at least, shows
opposite trends in occasional years;* (2) a conservation or carry-over effect
in the trees of especially favorable years; this effect has been found in previ-
ous studies;*" (3) the effects of favorable or unfavorable distribution of
precipitation within the season and fluctuations in temperature and in
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a. Winter rainfall, October-June, at Tucson, Arizona

b. Douglas fir chronology in Santa Catalina Mts., Arizona. Six trees, average per
cent of mean growth, 1779-1940; 5 trees, 1681-1778; 4 trees, 1663-1680; 3 trees,
1611-1662; 2 trees, 1603-1610: 1 tree, 1545-1602.

other climatic factors from season to season; (4) biotic and other effects.
On the basis of other similar investigations in the Southwest it seems likely
that factors (1) and to a limited extent (2) suffice to explain most of the
observed differences, so that the tree-growth curve when properly inter-
preted gives a fairly faithful record of fluctuations of winter precipitation
at the site.

A comparison with the Central Pueblo Chronology shows occasional strik-
ing variants, such as 1910 which deserves special attention; this year had
exceedingly low winter rains and microscopic rings in southern Arizona,
southern New Mexico,” and western Texas,” but was an average year with
an indifferent ring in northern Arizona. It is significant however for archae-
ological as well as climatic studies that many of the extremely dry or wet
years in the four centuries of data for southern Arizona correspond to
those in the pine and fir chronclogies of northern Arizona.

Tree-Ring Laboratory,
University of Arizona,
Tucson. Arizona.

Nov. 2, 1940.

! Shreve, F., Carnegie Inst. of Wash. Pub. 217, 1915, pp. 11-14.

2 Douglass, A. E., Carnegie Inst. of Wash. Pub. 289, II, 1928, pp. 75-76.

s 1Ibid., I, 1919, pp. 54-64: I11, 1936, pp. 25-27.

* Shreve. F., loc. cit,, p. 52. See also Pearson, G. A., U.S.D.A. Tech. Bul. 247, 1931, pp.
48-57: Clyde, G. D., Monthly Weather Review, 59, 113-117, 1931.

s Douglass. A. E., I, 1919, pp. 65-72.

»Schulman, E., Reconnaissance of tree-ring records in the Gila River Watershed,
U.S.D.I report, 1940, unpublished.

* Schulman, E,, Tree-Ring Bul, 6, 11-13, 1939.



JANUARY, 1941 TREE-RING BULLETIN 19

%7 z
C
]

Br 23 /6]

ane

100

} $ 1

700 T sl ' zp
! |
I-M\TAJ

ap  1b

i

| -

|

+
5

I

I

1

-

!

)

|

I

|

r\/v\-
- WAL A

o T b «lo

|
|
!

1k
?Uﬂ'/v}za‘

|

I

—
| |

-

|

!

o ' 7 T &

IR

L . I

Q
-

©

-[- _|-

)
.
t
I
Te
I
|

a. Winter rainfall, October-June, at Tucson, Arizona

b. ‘Douglas fir chronology in Santa Catalina Mts., Arizona. Six trees, average per
cent of mean growth, 1779-1940; 5 trees, 1681-1778; 4 trees, 1663-1680; 3 trees,
1611-1662; 2 trees, 1603-1610: 1 tree, 1545-1602.

other climatic factors from season to season; (4) biotic and other effects.
On the basis of other similar investigations in the Southwest it seems likely
that factors (1) and to a limited extent (2) suffice to explain most of the
observed differences, so that the tree-growth curve when properly inter-
preted gives a fairly faithful record of fluctuations of winter precipitation
at the site.

A comparison with the Central Pueblo Chronology shows occasional strik-
ing variants, such as 1910 which deserves special attention; this year had
exceedingly low winter rains and microscopic rings in southern Arizona,
southern New Mexico,” and western Texas,” but was an average year with
an indifferent ring in northern Arizona. It is significant however for archae-
ological as well as climatic studies that many of the extremely dry or wet
years in the four centuries of data for southern Arizona correspond to
those in the pine and fir chronoclogies of northern Arizona.

Tree-Ring Laboratory,
University of Arizona,
Tucson, Arizona.

Nov. 2, 1940.

t Shreve, F., Carnegie Inst. of Wash. Pub. 217, 1915, pp. 11-14.

* Douglass, A. E., Carnegie Inst. of Wash. Pub. 289, 11, 1928, pp. 75-76.

s Ibid., I, 1919, pp. 54-64: I11, 1936, pp. 25~27,

* Shreve, F, loc. cit, p. 52. See also Pearson, G. A., U.S.D.A. Tech. Bul. 247, 1931, pp.
48-57: Clyde, G. D., Monthly Weather Review, 59, 113-117, 1931.

s Douglass, A. E, I, 1919, pp. 65-72.

» Schulman, E., Reconnaissance of tree-ring records in the Gila River Watershed,
U.S.D.IL. report, 1940, unpublished.

" Schulman, E, Tree-Ring Bul, 6, 11-13, 1939.
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GROWTH FLUCTUATIONS OF VIRGIN HEMLOCK FROM
NORTHERN PENNSYLVANIA

H. ARTHUR MEYER

When studying the influence of weather on the growth of trees, it is
necessary to segregate the variation in the width of the annual rings which
is due to changing weather conditions from the variation due to other
factors influencing the annual growth. By segregating the influence of fac-
tors other than weather, we are able to construct a tree-ring calendar show-
ing the responses of diameter growth to weather alone, that is to say, a
calendar in which all disturbing factors other than weather have largely
been eliminated. The methods used for such an investigation can represent
an application of the analysis of variance.

Cross sections of old hemlock trees were collected in two virgin stands of
the beech, birch, maple, hemlock association in northern Pennsylvania. The
first of the stands, now logged off, was about five miles north of Sheffield
in Warren County and the second stand, an old farm woodlot belonging to
Messrs. Rightmeier, was located five miles to the north of the little town of
Estella in Sullivan County. This second stand has also been cut since the
collection of our data. In both localities the cross sections were cut at the
upper end of the first log. Ten cross sections have been secured from Shef-
field and six from Estella.

The ring measurements were made on three radii to the nearest 1. 200 of
an inch and the results averaged for each year. The average age of the
trees from Sheffield was somewhat below 300 years: the trees from Estella
were 200 years old. The last 30 years of the Sheffield trees and the last 45
years of the Estella trees have been subjected to a detailed analysis of
tree-ring variation. It was intended to correlate the variation in ring width
for this period of years with the available meteorological data. Since the
results so far obtained were negative, we shall not discuss them at any
length. Without making a detailed analysis, the method described for the
isolation of the variation of ring width due to weather was finally applied
to the entire sequence of data.

The ring widths of the ten trees from Sheffield are graphically represented
in Figure 1. Each tree reveals a more or less typical individual growth
trend during this period of years. In most cases this trend could be ade-
quately represented by a straight line. Tree five was the only one requir-
ing a parabola to represent its individual growth trend. The trend line of
tree eight runs parallel to the X--axis and thus represents the arithmetic
average of the 50 measurements.

The total variation of the 500 (10 times 50) rings may be measured by
computing the sum of the squared deviation of each ring measurement
from the average ring width of all ten trees. Calculating in units of 0.005
 inches, we obtain 2.676.55. The total sum of squares may now be appor-
tioned to a variation between trees and within trees by the usual methods
of the analysis of variance, with the result shown in Table L

Table 1. Division of the total sum of squares into portions between and within
trees. Hemlock, Sheffield, Pa.

Source of variation Sum of squares Degrees of Mean
freedom square
Between trees................ ... 1061.13 9 117.9

Within trees 1615.42 490 3.30
Totali i 2676.55 499
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It is evident that the different growth rates of the ten trees account for a
large portion of the total sum of squares.

The variation within trees will now be further subdivided into a portion
due to the individual growth trend of each tree, a portion due to the influ-
ence of weather, and a residual portion due to errors of sampling, errors of
observation, etc. The trends shown in Figure 1 have all been fitted by the
method of least squares and it was therefore an easy matter to calculate
the sum of the squared residuals from the respective curves. By subtracting
this sum of squared residuals from the sum of squares within trees, we
obtain 1615.42 — 1586.52 = 28.90 which is the sum of squares due to trend.
The sum of the squared residuals may finally be subdivided into a sum of
squares between years and a residual variation; the results of this final
analysis are summarized in Table 2.

Table 2. Division of sum of squares within trees into portions due to trends, years,
and remaining variation, and pertinent mean squares.

Source of variation Sum of squares Degrees of Mean

freedom square

Tree trends..........ooooiooieeiiee 28.90 10 2.89

Years . 49 18.02

Residual variation . 431 1.63
Total....oooooois e 1615.42 490

The residual mean square of 1.63 is small compared with the mean square
between years. It affects, of course, the calculated variance between years
and it is necessary to subtract 1.63 from 18.02 in order to find the mean
square residual which may be entirely ascribed to the influence of weather.
The difference 18.02 — 1.63 must finally be divided by 10 in order to find
the mean square of the average residuals due to weather; the root mean
square is therefore equal to 1.28, or 19.5 per cent of the average ring width.
If the residual mean square of Table 2 had been zero, the variance between
years would have been 18.02 10 or 1.802 and it would have been con-
cluded, after eliminating the differences between trees and individual
trends. that fluctuations of weather account for the whole of the remaining
variance. Actually, fluctuations in weather account for 1.639 1.802 or 91.0
per cent of the remaining variance. A tree-ring calendar made up from
the average residuals of the individual trends reflects therefore surprisingly
well the net influence of weather on the annual growth of trees, the influ-
ence of unaccounted for “disturbing” factors amounting to only 9 per cent
of the variance between years.

The last 45 rings of the trees from Estella have been analyzed in the same
way, and very similar results have been obtained. The individual growth
trends of the trees from Estella were more irregular than those from Shef-
field. It was necessary to fit second and third degree curves to the original
data which explains the relatively larger number of degrees of freedom
assigned to the trend. From Table 3 where the complete results of the
analysis of variance are listed, it is seen that we have to subtract 13.16 from
63.17 in order to find the mean square of the average residuals which is due
to weather. Dividing the difference by six, taking the square root, and
finally, expressing the quotient in per cent of the average ring width of the
six trees, we find that the root mean square error of the average residuals
is equal to 17.5 per cent of the average growth. The variance due to weather
alone amounts therefore to 50.01 63.17 or 79.2 per cent of the variance be-
tween years.
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Table 3. Division of sum of squares into portions due to assignable causes. Hem-
lock, Estella, Tioga County, Pennsylvania.

Source of variation Sum of squares Degrees of Mean

freedom * square
Between trees....................c.... 5023.69 5 1004.74
Tree trends..... 4888.95 12 407.41

Years ... . 2779.44 44 63.17
Residual variation 2738.00 208 13.16
Total ..o 15430.08 269

The annual variations in ring width are very much alike for the trees
from Sheffield and Estella. although the two localities are more than 100
miles apart. Surprisingly enough, no significant correlation between growth
and rainfall could be established. Since (in one case) 90 per cent of the
calculated average variation in ring width was actually shown to be due
“to years,” it remains an unsolved question what meteorological factors or
combination of factors influence the annual growth of trees in northern
Pennsylvania, where rainfall is not a limiting factor.

The entire sequence of tree-ring data of the ten trees from Sheffield has
finally been used to construct a tree-ring calendar covering a period of 237
years. A third degree curve was fitted to the average ring widths of the
ten trees and the deviations from this trend were expressed in per cent of
the average growth (see Table 4, page 22).

Department of Forestry,

The Pennsylvania State College,
State College, Pa.

Received Nov. 19, 1940.
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INTER-CORRELATIONS BETWEEN GROWTH RATES OF CONIFERS
IN NORTHERN NEW ENGLAND

CHARLES J. Lyon

On the basis of ring measurements obtained from thirteen forest sites.
chiefly in northern New Hampshire, it is now possible to compare hemlock.
white pine, and red spruce for their growth responses to variations in
dominant climatic factors, year by year. The effects of soil, age of tree, ex-
posure, suppression, and specific differences in rates of growth have been
practically eliminated by random choice of sites and the use of appropriate
statistical methods. The point to be demonstrated is the extent to which
the three types of softwood trees reflect climatic changes in spite of pro-
nounced differences in absolute growth rates between species and between
scattered groups of trees of the same species.

For the purposes of this study the question of detailed yearly cross-
identification between species is avoided. For the hemlocks (Ecology 17,
457-478, 1936) and for most of the pines used in this analysis (Ecology 18,
406-415, 1937) the point has already been considered. Spruce shows it to
about the same degree as the white pine. In the present paper the relations
between the growth curves as a whole are studied, by means of correlation
coefficients.

CALCULATION OF CORRELATION COEFFICIENTS

Each of the thirteen lots of tree sections has been treated as a unit source
of data for the computations. For each site the mean growth increments
of all trees measured were plotted as a line graph of annual growth rates.
These graphs for hemlock and pine have been published (loc. cit. and
Ecology 21, 425-437, 1940). The three for spruce showed the same growth
characteristics though differing among themselves. The Franconia group
of 5 trees covered a period of over 150 years, the Warren lot (10 trees)
included none less than 200 with the two oldest over 300 years of age, while
the Dorchester group of 10 trees gave only an 85-year record.

The correlations between species and between groups of the same species
of tree were estimated on the basis of annual deviations of ring width from
a trend line or normal curve of growth rate. Each trend line was drawn to
give a balance of plus and minus departures of the plotted points from the
line. One of them appears as a text figure in the October, 1940 issue of
Ecology.

Each correlation coefficient r was calculated from the annual departures
of the two variants from their respective normal curves. Since data from
13 tree groups were used in the complete analysis, a total of 78 coefficients
were computed. They are not directly comparable, however, because a
variable number of years were involved in computing them. In the follow-
ing table each one has therefore been entered by a symbol of its significance:

The significance of each r has been indicated according to the usage of
Snedecor and others. supplemented by an original device for distinguishing
between values in which the odds are much higher than 999 to 1 against a
chance agreement. If there is objection to the use of the terms “very
highly significant” and “extremely significant” for values that have else-
where been taken as equivalent to “practically certain” or merely included
in the upper 0.1°/ level (odds 999 to 1). the grades 3 and 4 may be read as
identical in meaning but with a significance well above the 0.1/ level that
is sometimes termed “very highly significant” (see Deuber and Farrar in
Jour. of Forestry 38, 581, 1940) .



