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School of Forestry

z. MAILING ADDRESS "

School of Forestry, Oregon State University, Corvallis, Oregon 97331

""'" 3. PRINCIP~L INVESTIGATOR AND FIEL.D OF SCIENCE/SJOECIAL.TV

R. H. Waring, Forest Ecologist

4.--TTt-1:;c;-OF PROJECT

Long-term Ecological Research on the H. J. Andrews Experimental Forest

5. SUMMARV OF PROPOSED WORK (LIMIT TO :t% PICA OR 18 EL.ITE TVP'EWRITTEN L.INESI

Establishment of a long-term ecological research program is proposed at the H. J.

Andrews Experimental Ecological Reserve. The Reserve includes a 6,000-ha experimental.

forest and six research Natural areas in the Oregon Cascades. These sites have been

dedicated exclusively to scientific use and provide superlative examples of north-

western coniferous forests (especially Douglas-fir-hemlock) and stream ecosystems.

Extensive on-going research and monitoring programs make establishment of an LTER

program appropriate and efficient. Five major components are proposed: (1) changes
in composition, structure, and key processes with succession in Douglas-fir-western

hemlock forest; (2) nature and importance of forest-stream interactions; (3) popula-

tion dynamics of young forest stands as affected by density and nutrient regime;

(4) long-term impact of nitrogen fixers on forest soils; and (5) patterns and rates
of log decomposition. Each LTER component is directly tested by long-term (20 to

100+ year) measurements. Experimental manipulations are included along with observa-

I tions of pristine natural ecosystems (including 450-year-old Douglas-fir forest).

Measurements proposed under LTER components 1 and 2 will provide for a complete set
of site long-term baseline measurements as proposed by national workshops when

combined with the on-going program at the Andrews. Development of a comprehensive

data management system is also proposed in order to insure data are reduced promptly

and readily accessible to scientists and collaborating sites. Strong institutional

commitments exist from Oregon State University and the U.S. Forest Service.
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Component 3.
and Nutrient

amics of Youn2 Forest Stands as Affected b

Research described here falls under core area 1, primary production, in

the NSF announcement. In recent years a number of workers have shown that plant

communities follow certain predictable rules in their growth and development.

From these efforts, we may infer that some similar adaptations have evolved

to permit form to mirror function.

If so, there are genetic as well as environmental components that lie

embedded in the observed structural rules by which forests grow.

We propose to initiate an experiment that will initially test our under-

standing of how environment influences stand structure and growth. The approach,

however, permits, by additional replication with differing genetic stock, a

full test of the proposed growth and stocking equations.

Theory. In plant populations which are experiencing density related

mortality, the relation between individual plant size and stocking density is

expressed with high accuracy by the equation

Br = Cp-x
(1)

where BI
P

C, x

= individual plant biomass (or volume),

= stocking density,
= constants.

If a linear relationship between diameter and height is assumed, dimensional

analysis can be used to calculate a value of 3/2 for the parameter x (Yoda et ale

1963). For this reason, equation (1) is commonly called the "-3/2 power law of

self thinning". Studies have found that, in tree populations, x may in fact

vary between 1.2 and 1.9 (Harper 1977 reviews the literature, see also Mohler
et ale 1978).

In populations which are not self thinning, the relation between mean plant

size and density is often written (see the review by Willey and Heath 1969).

...l. = BpcP

Br
Equation (2), the reciprocal yield law,

equation (1) for K in the integral form of the
Shimozaki and Kira 1956).

(2)

can be derived by substituting

logistic growth equation (e.g.,

B =I 1 _ e-rt

K

+ ...L
BO

-rte

where K = asymptotic limit

r = intrinsic growth

BO = BI at time O.

Finally, we introduce the generalized logistic equation (here written in
the differential form):

on BI,
rate,

dBI rBr
dt =~

B a
(1 I

- Ka )
(3)
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The parameter a expresses the degree of symmetry in the equation. If a

equals 1, maximum growth occurs when BIlK = 1/2. If a is less than 1, maximum
growth occurs when BIlK < 1/2. One interpretation of this is that crowding
effects appear earlier. However, the change in growth rate is less sensitive to

increasing BIlK, thus crowding effects, although perhaps appearing earlier,

are not as severe. Growth of at least some forest stands follows a logistic

curve with a <1 (Perry and Muscato in prep.). It is not clear, however,

whether this is due to inherent growth properties of individual trees, or merely

reflects a distortion of the growth curve to competition and morality. In other

words, is the nonsymmetric growth curve an organismic response to competition
or a population phenomenon?

Herein we propose to investigate, within the context of

processes of population growth in young coniferous populations
as they are approaching, the self-thinning state. This may be
period when

the above theory,

prior to, and

expressed as the

B
-I « 1K

Hypotheses

(1) In a stand which is not self thinning, mean individual tree

growth rate is given by:

B rB
d I _ --I (1 _dt - a

B a axI p
~)
C

where parameters are as given before. Values for C and x are

obtained from self thinning stands. Values for r and a are to
be determined.

(2) In a coniferous population which is not self thinning, the

relation between mean tree size (EI) and stocking density (p)
should asymptotically approach.

where c, x are parameters of the "-3/2 power law," and can be
determined on a site specific basis from self thinning stands.

(3) Following disturbance which reduces stand density, the rate

at which EI approaches the postulated relation of hypotheses
(2) is a function of r, the "intrinsic growth rate" and a, the

parameter measuring sensitivity to competition. This rate may
therefore be modified by changing site quality or species.

Derivation of hypotheses (2) and (3) is given in Appendix 1.
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(4) For a given mean tree size, the stocking density producing

maximum stand growth rate is:

p=~~x~~ ~~~
~

(5) For a given density, there is a linear relationship

between the mean tree size at which density related

mortality begins and the mean tree size at which maximum
stand growth occurs.

Thus, at the commencement of mortality:

BI

E
' 1 l !

K = S 1 + xciJ a

where S= a constant greater than 1. Other parameters as before.

Derivation of hypotheses (4) and (5) are given in Appendix 1.

Methods and Measurements. In order to test these ideas, we will install

in young (15-20 year old) Douglas-fir-hemlock stands, three replications of

thinned and fertilized plots. Each replication will contain five density

levels (20%, 40%, 60%, 80%, 100% of the original canopy). Each density level
will be both fertilized with 200 kglha urea prill, and unfertilized. Varying

density levels will give a range of values for BIlK. Fertilization should
increase both rand a. We will measure tree size and growth rates at five-

year intervals on all plots. One experimental block consists of 15 plots (5

levels of stocking, 3 replications).

Justification. Establishment of a workable model of plant population

dynamics which includes genetic and environmental factors will increase the
power of population theories considerably. It provides a framework for testing

hypotheses regarding the relative roles of genetics and environment in plant

population dynamics. Many appropriate hypotheses cannot be tested in an experi-

ment of the size proposed here. However, we intend to obtain funding from

other sources to establish similar replications in varying environments and

with different species. Because a period of up to 20 years may be required to

establish tree growth patterns, a study of this type is particularly appropriate
for long-term ecological research.


















































