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Redwoods: A Population Model Debunked
In his article Bosch (1) gives license
to lumber companies to harvest 50 percent of all redwoods under 800 years
old, claiming that the trees would still
"survive and flourish." He states that
"there is a trade-off between a model
so complex as to defy analysis and one
so simple that no real conclusions can
be drawn from it." His model for
Sequoia sempervirens forests falls in
the latter class; its deficiencies must be
made known because of the possible
danger that someone might take his
recommendations seriously.
To begin with, the concepts of population biology employed are faulty.
The redwood "belt" of central and
northern California actually consists of
a series of disjunct populations, each
subjected to somewhat different environmental conditions. For example, in
central California Sequoia sempervirens
forms nearly pure stands in deeper
canyons and ravines, but it is associaated with Douglas fir (Pseudotsuga
menziesii) in drier areas (2). That the
age distribution, seed set, and survival
are identical or even comparable between these two habitats is unlikely.
Moreover, it is even more unlikely that
these characteristics are the same for
the Big Sur population as they are for
populations in Humboldt County. To
make a model for "the redwoods"
based on data from one virgin stand in
one locality is at best naive.
Furthermore, the application of a
model based on data from an undisturbed stand to predict the effects of
harvesting is unlikely to produce con-

clusions even vaguely approaching reality. The redwoods are often logged
by clear-cutting. By no stretch of the
imagination can the combination of
500 acres of virgin forest and 500 acres
of clear-cut forest be expected to have
the same population dynamics as a
1000-acre stand logged very carefully
by selective cutting. Indeed, even a selectively cut stand should not be expected to replace its losses at rates
comparable to those of an intact stand.
Finally, the model is not even appropriate to describe the dynamics of
one virgin stand in Humboldt County.
This model uses fecundity and survival
values inappropriate even for the intact
stand, much less for a logged area. For
example, the assumption is made that,
in each 50-year period, 18 percent of
the class 2 trees (ages 200 to 800
years) will go on to class 3 (800 years
and up), and that 92 percent will remain in class 2. Without even an allowance for deaths, this has accounted
for 110 percent of the class 2 trees.
More crucial, the estimate that, in
each 50-year period, 30 percent of the
class 1 trees will graduate to class 2 is
five to ten times the correct value. The
numbers of individuals in each age
class in a population are a function of
both advancement from the previous
class and deaths occurring within the
new class. This is very critical, because
the overstatement of survivorship is exactly what leads to the erroneous conclusions. Since no more than 10 percent of the class 1 trees are going to
be between 150 and 200 years (accord435
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gest that a possible test of the stability
of an observed temporal correlation
would be operant reinforcement of its
dissociation (11).
On the other hand, successful dissociation does not disprove a possible
functional relation between the precentral cell and muscles; it merely
demonstrates the flexibility of that relation. As others have already noted, the
activity of single precentral cells (1, 2)
or specific motor units (12) may be
quite variably related to similar force
or position trajectories in successive
motor responses. To what extent our
EMG recordings are representative of
the activity of these and synergistic
muscles remains to be documented.
These preliminary results suggest that
a useful approach to investigating relationships between central cells and
muscles is to study the activity of the
same elements under as many different
behavioral conditions as possible, including operant reinforcement of specific response patterns.
EBERHARD E. FETZ
DOM V. FINOCCHIO
Regional Primate Research Center
and Department of Physiology and
Biophysics, and Department of
Neurological Surgery, University of
Washington, Seattle 98195

References
1. C. A. Bosch, Science 172, 345 (1971).
2. J. H. Thomas, Flora of the Santa Cruz Mountains of California (Stanford Univ. Press, Stanford, Calif., 1961).
17 May 1971; revised 9 July 1971

Bosch's article has serious errors
both in basic logic and execution.
He tries to deduce, from empirical
observations on redwoods, the longterm population dynamics of the
species. However, he only uses information about the birth of trees from
seeds and sprouts, and the age distribution at one point in time (his
tables 1 and 2). As a matter of principle, this does not contain enough information to make a model about the
behavior of age distribution with time
unless one makes some additional explicit or implicit assumptions. For instance, although not explicitly stated,
trees do not die before an age of 800
years in the author's model. (His diagonal elements bll, S22 describe only loss
from an age group by growing out of
it). Since one can also extract from his
table 3 (reproductive characteristics),
and how the author uses it, that each
tree during the time from age 0 to 800
years produces 376 new trees, none of
the conclusions drawn by the author
436

class 3 during the 50-year interval.
Since, during a 50-year period a class
2 tree either stays a class 2 tree, becomes a class 3 tree, or dies (S22 +
S32) must be c 1. As given by Bosch,
S22 and s32 sum to 1.10. His errors are
as follows. He computes s22 by noting
that the class 2 interval is 600 years,
and therefore 550/600 = 0.92 of the
make it obvious how meaningless the trees in ;this interval stay in it every 50
chosen values for these matrix elements years. This is based on an assumption
are, one can make the following con- that the age distribution of class 2 trees
sideration: If one uses the values of is uniform over the interval 200 to 800
5'1 and S32 given by the author, as well years. A glance at Bosch's table 1 (1)
as his diagonal elements, and if one shows that this is not the case. In comfurthermore, for the purpose of this puting S32, the author notes that 82 out
argument, ignores the birth of trees of 485 class 2 trees reach class 3 (see
(that is, setting b1l = 0.75, and b12 = 1, table 2) and hence s32 = 82/485 =
b13 = 0), one comes to the following 0.18. The problem here is that not all
conclusion: Without the birth of any those 82 trees got to be class 3 trees
new trees, the total population of the during one 50-year period. Hence s32
three age groups grows during a period should be smaller than 0.18.
There is no way to make the above
of 50 years from 2263 to 2369 trees!
2) Even if the above-mentioned calculations correctly because the modshortcomings were corrected, the basic el is conceptually wrong. One of the
mathematical formulation contains an- essential features of predicting future
other inconsistency. The author states population sizes by the iteration of
correctly that elements 31 and 23 of M matrices is that the population struchave to be zero. The reason given ap- ture at time n + 1 must be completely
plies equally to M2, describing a 100- determined by the population structure
year period; but the 31 and 23 ele- at time n and not also be dependent on
ments of M2 are clearly not zero. This the structure at times previous to n.
contradiction is a consequence of de- Since the length of Bosch's age classes
scribing a time period with M that is is not the same as the time unit, ths
smaller than the time interval of the feature is not present in his formulation. For, in order to know what proage classes.
Ecological problems are currently portion of class 2 trees become class 3
subjects of great public and political trees during the 50-year period, the age
interest. Bosch's paper will undoubted- distribution within class 2 must be
ly receive considerable attention, and known, and this in general does depend
may even be widely quoted. Although on preceeding 50-year periods.
Finally, even if the model were corit is clearly worthwhile and possible to
study the topic under discussion, it rect conceptually, it is inappropriate to
seems to me that publication of this compute the parameters for 50 percent
particular paper can do great harm to harvesting by dividing natural environthe public, and also may well reduce ment parameters by 2, as Bosch does
the credibility of the scientific com- to obtain the matrix Mh (1, p. 348).
Once 50 percent harvesting starts, the
munity.
KLAUS HALBACH forest environment changes radically
Lawrence Radiation Laboratory,
and parameters must be recomputed
from data obtained by observations
University of California,
made under the new conditions.
Berkeley 94720
J. E. DIEM
10 May 1971; revised 28 June 1971
Mathematics Department,
Tulane University,
The article by Bosch (1), con- New Orleans, Louisiana 70118
tains serious errors and the underlying
J. L. MCGREGOR
model is conceptually incorrect.
Mathematics Department,
In Bosch's article, the matrix M (1, Stanford University,
p. 348) has 22 =0.92 and S32 = 0.18 Stanford, California 94305
where s22 is the proportion of class 2
Reference
trees that stay in class 2 during a time
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are surprising. Although this, all by
itself, seems enough to invalidate the
analysis that leads to the author's conclusions, there are other serious flaws
in this paper. To quote two examples:
1) In the calculation of s2l and s32
on p. 347 the calculated values are in
no way related to the time period the
matrix is supposed to describe. To
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ing to 1, table 1), this must serve as a
(very conservative) upper bound to the
fraction that can graduate to class 2
in the next 50 years. Moreover, the
conclusion that 75 percent of class 1
trees remain in class 1 after 50 years
(which is to be added to the 30 percent which went on to class 2) is based
on the oversimplified argument that
"since class 1 is a 200-year period, in
50 years three-fourths of the class 1
trees are still in class 1." That statement ignores both the age structure,
which includes the fact that 58 percent
of the class 1 trees are in the high risk
0- to 20-year age group, and the exceedingly high mortality of class 1 trees.
This confusion with the age classes
has led to a plethora of errors. One
cannot be sure what the result of further analysis of the data would show, but
we do not agree that "meaningful conclusions may be drawn" from this
model and must dismiss out of hand the
conclusions regarding harvesting.
PETER F. BRUSSARD
SIMON A. LEVIN
LEE N. MILLER, ROBERT H. WHITTAKER
Section of Ecology and Systematics,
Cornell University,
Ithaca, New York 14850
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