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SIZE AND AGE STRUCTURE OF
CONIFER FORESTS!

Albert J. Parker? and Robert K. Peet?

Knowles and Grant (1983; hereafter K and G) pre-
sented two “‘empirically testable hypotheses” which
they propose to be general properties of “‘climax” com-
munities. Specifically, they conjectured “that the pres-
ence of a sharp inflection point in cumulative age dis-
tributions indicates a ‘climax’ stand and that ‘climax’
species will often have coincident diameter distribu-
tions.” They encouraged the publication of comparable
data from other studies to test the generality of these

results. We present data from near-climax conifer for-
ests which fail to confirm their hypotheses. Further,
we argue that their analysis is flawed, and that the
general patterns they claim to have observed should
not be expected in climax communities.

K and G reported that, despite very different age
structures and elevational ranges, there were ““remark-
ably coincident diameter curves for Engelmann spruce
(Picea engelmannii [Parry] Engelm.) and ponderosa
pine (Pinus ponderosa Laws.),” both of which are “cli-
max-type” species in forests of the Colorado Rockies.
We tested the generality of this observation by using
data collected from upland forests of Yosemite Na-
tional Park in the central Sierra Nevada of California
(Parker 1982, in press). A significant methodological
departure from K and G, however, is our use of random
sampling of many sites from a broader region and a
wider spectrum of landscape positions.

We analyzed data from 60 mature forest stands based
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Fic. 1. Cumulative diameter-class distributions for six tree

species in Yosemite National Park, California, USA. Pairwise
comparison of all curves except sugar pine-red fir and sugar
pine-white fir indicates significant difference (P < .05) by a
Kolmogorov-Smirnov test.

on either 12 (30 stands) or 20 (30 stands) nested circular
quadrats placed by a stratified, systematic, unaligned
technique (Berry and Baker 1968). Stems with a di-
ameter at breast height (dbh) >10.0 cm were measured
in 0.01-ha quadrats; stems with a dbh of 5.1-10.0 cm
were measured in 0.005-ha quadrats. For lodgepole
pine (Pinus contorta Dougl. ssp. murrayana [Balf.]
Critchfield), these data were supplemented with data
from five 0.256-ha stands. Stands ranged in elevation
from 1200 to 2900 m. Stems were tallied in 5-cm di-
ameter intervals. Larger class intervals were chosen in
this study than in K and G because of the greater mean
diameter of trees in Sierran forests than in forests of
the Colorado Front Range. To account for differences
in quadrat size, the numbers of stems that had a dbh
of 5.1-10.0 cm from the initial 60 stands were doubled.
Rare species (n < 100) were not included, leaving six
species: ponderosa pine (n = 900), incense-cedar (Cal-
ocedrus decurrens [Torr.] Florin, n = 921), sugar pine
(Pinus lambertiana Dougl., n = 266), white fir (Abies
concolor [Gord. and Glend.] Lindl., n = 2628), red fir
(Abies magnifica A. Murr., n = 1875), and lodgepole
pine (n = 772). These six species are listed in ascending
order of their ecological optima along an elevation gra-
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dient in the Sierra Nevada (Rundel et al. 1977, Parker
1982).

Ponderosa pine, white fir, red fir, and lodgepole pine
are zonal dominants typically considered climax-type
species, insofar as they appear to sustain relatively sta-
ble populations indefinitely without progressive re-
placement by other tree species. In this regard, lodge-
pole pine in the Sierra exhibits a stable population
structure only rarely described for lodgepole pine (Pi-
nus contorta ssp. latifolia [Engelm. ex Wats.] Critch-
field) in the Rockies (Peet 1981, Despain 1983), where
it is more often considered a “‘pioneer” species (Clem-
ents 1910, Marr 1961, Peet 1981, Knowles and Grant
1983). Incense-cedar should probably be added to the
climax-type category because of its shade-tolerant hab-
it. The reduction in the frequency of surface fires over
the last century (Kilgore and Taylor 1979), however,
has triggered a marked increase in the stem density of
incense-cedar, which influences its diameter curve
(Vankat and Major 1978, Bonnicksen and Stone 1981).
Sugar pine is not generally considered a climax-type
species, because it is intermediate in shade tolerance
(Fowells 1965) and is commonly represented by scat-
tered individuals within forests dominated by other
tree species.

We subjected cumulative diameter-class distribu-
tions for all six species (Fig. 1) to pairwise comparison
of curves by using the Kolmogorov-Smirnov procedure
for comparing two empirical distributions. Of the 15
pairs of curves, only two pairs were not significantly
different (P < .05): sugar pine-red fir and sugar pine—
white fir. The relatively small number of stems of sugar
pine in this study inflates the critical test statistic suf-
ficiently to preclude rejecting the null hypothesis of no
significant difference in these two pairs. Unlike K and
G’s findings, we found significant differences in di-
ameter curves among all pairs of climax-type species.
The two similar pairs of curves both involve sugar pine,
which is not a climax-type species. The uniqueness of
diameter distributions among climax-type species in
Sierran forests does not support K and G’s hypothesis.

The proposition that climax communities have a
distinctive or characteristic diameter distribution is not
new. Foresters and forest ecologists have often de-
scribed a reverse-J curve for size-classes that results
from a Deevey (1947) type II or type III survivorship
curve (e.g., Leak 1965, Schmelz and Lindsey 1965).
This could, for example, take the form of a negative
exponential or a power function (Hett 1971). Using
Marquardt’s compromise for nonlinear regression
analysis (Draper and Smith 1966:272), our Sierran di-
ameter distribution data fit a negative exponential well;
R? values ranged from 0.95 for white fir to 0.99 for
ponderosa and lodgepole pines. K and G’s diameter
data are less effectively described by a negative expo-



