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at first increases as breeding stock declines, but eventually decreases 
toward the baseline as breeding-stock numbers become small (Fig. 1). 
The extended relation between breeding-stock size and catch size 
indicated in Fig. 1 permits some elaboration on Baranov's ideas. 
First, only one value on the breeding-stock curve corresponds to the 
maximum annual catch that can be obtained from a population. That 
value lies between the minimum and maximum breeding-stock sizes 
that can be maintained by varying intensity of harvest. Second, catch 
size declines with harvest rates that adjust breeding-stock size to 
levels above or below the size where the maximum catch is obtained. 
Hence, if breeding-stock size is changed from some value where a 
certain size harvest is being obtained, the size of the harvest can 
either increase or decrease, depending on which way the breeding­
stock size is adjusted. In this manner, identical annual catches can be 
obtained from two different breeding-stock levels. 

Some deer and elk populations apparently conform, in terms of the 
net number of animals produced by the population per breeding 
period, to the basic optimum-yield concept in fisheries. Thus, mainte­
nance of maximum annual harvest and maximum annual breeding 
stock are incompatible biologically, and therefore are incompatible 
management practices if optimum yield is the management goal. 

OPTIMUM YIELD IN DEER AND ELK 

Discussions of population-growth phenomena are usually intro­
duced with an explanation of sigmoid-growth theory. Other demo­
graphic features may then be deduced from the existence of sigmoid 
growth. The opposite approach is taken in this paper by starting with 
the two basic components of population change, births and deaths, 
and inductively developing the mechanisms leading to optimum yield 
and sigmoid growth. 

A conceptual model illustrating the effects of deer population 
densities on birth rates and death rates is shown in Fig. 2A. At lowest 
densities, births per unit of breeding stock are maximum and deaths 
per unit of breeding stock are minimum. As density increases due to 
positive net differences between birth rates and death rates, influences 
associated with increased density cause birth rates to slowly decrease 
and death rates to slowly increase. As population density further 
increases, the birth- and death-rate curves continue to converge and 
eventually meet. When births and deaths per unit of breeding stock 
are equal, the population ceases to grow. 

The interaction of population size, births per unit of breeding 
stock, and deaths per unit of breeding stock will produce a dome­
shaped net-population-production or yield curve (Fig. 2B). At lowest 
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Figure 2.-Schematic representations of interactions between birth rates, death rates, net 
population production, and population growth (part A from Leopold 1955). 

densities, net production per unit of breeding stock is maximum, but 
the net number of animals produced by the population is small 
because population size is small. A.s population size increases through 
lower densities, only small changes occur in the birth- and death-rate 
curves, and only small changes occur in net production per unit of 
breeding stock. Thus, the net number of young produced by the 
population ( the product of net individual production times number of 
individuals producing) increases almost in direct proportion to breed­
ing-stock size (Fig. 2B). A.s breeding-stock size increases and net 
production per unit of breeding stock simultaneously decreases ( due 
to the increasingly rapid convergence of the birth- and death-rate 
curves), a certain combination of breeding-stock size and net number 
of young produced per unit of breeding stock will produce the maxi­
mum net number of young that can be obtained from the population. 
A.s the population density continues to increase and net production 
per unit of breeding stock continues to decrease, the net number of 
young produced by the population declines from the maximum value, 
and the dome-shaped yield curve is formed (Fig. 2B). 

A.n S-shaped population growth curve is produced by the dome­
shaped yield curve (Fig. 20). The accumulation of yield values on 
the left side of the dome-shaped yield curve will produce the lower, 
concave portion of the population growth curve. The accumulation of 
yield values on the right side of the curve will produce the upper 
convex portion of the population growth curve. Conversely, if popu-
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lation growth follows an S-shaped form, the population must have 
an associated dome-shaped yield curve. 

The shape of the birth- and death-rate curves need not conform 
precisely to those in Fig. 2.A to produce the yield curve of Fig. 2B 
or the S-shaped growth form of Fig. 26. The criterion for the 
existence of a dome-shaped yield curve and an S-shaped growth curve 
is: either birth rates or death rates, or both, must decrease or increase, 
respectively, with increasing density so that the curves eventually 
meet . .A dome-shaped yield curve would not exist if either birth rates 
or death rates, or both, converged instantaneously at densities where 
net population production was increasing. 

Thus, Fig. 2 presents a conceptual framework that numerically and 
functionally integrates death rates, birth rates, yield, and population 
density. It remains to be shown that this conceptual framework exists 
in wild populations of deer and elk. 

Fecundity-rate Patterns: 

Dome-shaped yield curves probably occur in deer and elk popula­
tions because of the tendency for the number of young produced per 
female ( and thus net production per female) to decrease with 
increasing population densities in a form similar to the birth-rate 
curve in Fig. 2.A. Fecundity-rate patterns and the dome-shaped yield 
curve (net population production of young) will be demonstrated in 
deer and elk populations by combining information on population 
growth form with information on population fecundity rates. In this 
paper, fecundity is the production of ova, full-term fetuses or live 
young (Cheatum et al. 1950). 

Fecundity rates ( other than young-adult ratios) can be estimated 
for wild populations only by sacrificing animals. Such data are seldom 
obtained from populations too small to permit the removal of rep­
resentative samples. Thus, fecundity-rate information for lower densi­
ties must be estimated from birth-rate and death-rate values that cause 
a population simulation model to generate growth forms and popula­
tion sizes similar to those observed in wild populations. Fecundity 
rates for three elk and two deer populations are obtained in this man­
ner. Population growth was simulated with a FORTRAN coded, 
computer population generation model recently developed at Colorado 
State University (Walters and Gross, unpubl. ms.). 

Interpopulation differences in fecundity rates for populations at 
higher densities are commonly reported in deer and elk. These 
differences are generally associated with nutritional differences and 
thus may be associated indirectly with differences in population 
densities. Interpopulation comparisons of differences in fecundity 
rates that occur with differences in densities may support the thesis of 
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this paper, but they do not show changes in fecundity rates that occur 
with changes in densities . .As Scott (1954) suggested, the interplay 
between density, fecundity rates, and mortality rates develops differ­
ent patterns between populations due to racial and local environmen­
tal characteristics. Thus, density-dependent effects are difficult to 
isolate in intrapopulation data. Few studies have been reported where 
densities and fecundity rates have been simultaneously measured on 
one population for a sufficient period of time to show patterns of 
change in fecundity rates with change in population density. Five 
examples (four deer populations and one elk population) showing 
changes in fecundity rates with change in density are described .. 

Low-density Fecundity Rates and Production Changes: 

The George Reserve white-tailed deer ( Odocoileus virginianus) 
herd was established from a plant of six animals (four does and two 
bucks) in a fenced enclosure of about 1,800 acres (O'Roke and Ham­
erstrom 1948). In six breeding seasons, from 1928 through 1933, 
the population grew from six to 160 animals (Fig. 3.A). The average 
annual rate of population increase was about 60 percent per year. 
O'Roke and Hamerstrom ( 1948) suggested several fecundity-rate pat­
terns which could have resulted in the 1933 density. The population 
could have reached its observed density in the six breeding seasons: 
(1) if 100 percent of 2-year-old or older does produced two fawns
each, or (2) if less than 100 percent of the 2-year-old or older does
produced fawns and a portion of the 1-year-old does produced fawns.
These pregnancy rates were based on the assumption of no mortality.
But since mortality probably occurred during the 6 years, the actual
pregnancy rates must have been somewhat higher than those calcu­
lated by O'Roke and Hamerstrom. Since the adult fecundity rate was
at its maximum, 1-year-old does undoubtedly contributed to the
population growth. .Although several combinations and values of
age-specific fecundity rates could have produced the 1933 population,
production of fawns during each of the six breeding seasons must
have been at or near the maximum potential for the species. Thus, net
population production must have increased almost linearly with
population density.

The Seneca .Army Depot white-tailed deer herd was created in 1942 
when an estimated 20-40 deer were fenced within an enclosure of 
about 9,832 acres (Hesselton, 1965). Nothing is known of the deer 
densities from 1942 until 1947 when the first census accounted for 50 
deer. If the original population-size estimate was correct, the popula­
tion growth rate was relatively low during the first 5 years. During 
seven breeding seasons from 1948 through 1953, the herd increased 
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Figure 3.-Patterns and magnitudes of population growth in two deer and three elk herds 
following establishment of small herds (George Reserve from O'Roke et al., 19,s; Seneca 
Depot from Hesselton et al. 1965; Tyson Park from Murphy 1963; Wichita Mts. from 
Halloran 1962; Afognak Is. from Troyer 1960). 

from 50 to at least 1,121 (Fig. 3A). The average population increase 
rate was 56 percent per year compared to 60 percent per year in the 
George Reserve herd. Thus the fecundity rate per female required to 
produce the observed herd increase was similar to that in the George 
Reserve herd. The rate of increase and population size could have 
occurred only if near-maximum fecundity rates were maintained for 
most of the growth period after 1947. 

The Tyson Park elk ( C ervus canadensis) herd in Missouri was 
established in February, 1951, with a transplant of two adult bulls 
and eight adult cows (Murphy, 1963). By October 1958, after eight 
reproductive periods, the herd had increased to 103 head (Fig. 3B). 
If no mortality occurred during the period of population growth, the 
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herd could have reached its observed size with an annual adult cow 
pregnancy rate of about 80 percent. But Murphy concluded by 
inspection of the final age and sex ratio that mortality had occurred. 
The population fecundity rate must therefore have been higher than 
that provided by an 80 percent pregnancy rate in adult cows. Murphy 
calculated a theoretical population size of 142 at the end of eight 
reproductive periods, based on the following assumptions: (1) the 
original eight cows were pregnant, (2) only adult cows reproduce, 
( 3) each adult cow produced a single calf, and ( 4) the sex ratio of
the calves was even.

The computer model for this herd predicted that the assumption 
that only adult cows reproduced is not valid. If the herd was 
subjected to annual mortality rates of 10 percent for calves and 5 
percent for older age classes, the herd could have grown to its 
observed size with annual pregnancy rates of 95 percent in adult cows 
and 60 percent in yearling cows. Even if the mortality-rate estimates 
are only approximate, the population must have increased at or near 
its maximum potential rate due to near maximum fecundity rates. Net 
population production must have increased almost linearly with 
population density. 

The Wichita National Wildlife Refuge in the Wichita Mountains of 
Oklahoma was stocked in 1908, 1911, and 1912 with five bull and 16 
cow elk (Halloran, 1962). The first reproduction occurred in 1913, and 
by 1922, the herd had increased to an estimated 125 head (Fig. 313). 
By assuming the average annual adult mortality rate of 12 percent 
actually observed from 1925 to 1956 also applied to the earlier years 
of population growth, and by assuming an annual calf mortality rate 
of 10 peroont as in the Tyson Park simulation, the Wichita herd could 
have increased to its observed population size with an annual preg­
nancy rate of 95 percent in adult cows and 30 percent in yearling 
cows. Thus, the Wichita Mountains elk herd also apparently grew 
near its maximum potential growth rate due to near maximum and 
constant fecundity rates. Net population production must have been 
similar to that of the Tyson Park elk herd. 

In the spring of 1928, three bull and five cow elk calves were 
released on Afognak Island, Alaska (Troyer 1960). By December 
1948, after 19 calving seasons, the herd had increased to an estimated 
212 animals (Fig. 3B). By assuming the same annual adult and calf 
mortality rates as the Tyson Park herd and similar to the Wichita 
Mountains herd, the population could have grown to its observed size 
with annual pregnancy rates of 95 percent in adults and 30 percent in 
yearlings. The annual fecundity rates, net population production, and 
population growth rate of the Afognak Island elk herd were similar to 
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the fecundity, production, and growth rates of the Tyson Park and 
Wichita Mountains elk herds. 

Several conclusions follow from the five examples of deer and elk 
growth curves at low densities. First, although the assigned mortality 
rates for adults and young and thus the calculated pregnancy rates 
were approximate, all five populations apparently attained near 
maximum growth rates for the species and thus must have annually 
attained near maximum fecundity rates. Since constant fecundity 
rates were apparently maintained through increasing population 
sizes, the net number of young produced by the populations at any 
population size must have been directly proportional to that popula­
tion size. Thus, as population sizes increased (lower part of the sig­
moid curve in F'ig. 3C), net population production of young increased 
in a manner similar to the left portion of the net-population-produc­
tion curve ( Fig. 3B). 

High-density Fecundity Rates and Production Changes: 

The effect of density on fecundity rates at higher densities has been 
determined in several instances by measuring fecundity rates during 
population-density changes. Examples below are restricted to popula­
tions in which density and fecundity rates were measured consecu­
tively over a period of years, thereby permitting comparison of 
consecutive changes in fecundity rates with consecutive changes in 
population density. 

Teer et al. ( 1965) measured ovulation rates on a white-tailed deer 
herd that declined to a density of nine deer per 100 acres and 
subsequently increased to a density of 18 deer per 100 acres. Ovula­
tion rates were about 1.90 ova per adult doe and 1.60 ova per yearling 
doe at the lowest population density, and decreased to about 1.35 ova 
per adult doe and about 1.15 ova per yearling doe at the highest 
population density (Fig. 4A). 

The Seneca Army Depot deer herd (see rubove) was opened to 
hunting in 1957, after the herd had increased to its highest density of 
2,498 deer. Litter sizes were measured in 1,441 females harvested 
during five hunting seasons from 1957-1961. As the population 
decreased from 2,498 deer in 1957 to 263 deer in 1961, average litter 
sizes increased about 0.4 fetus in yearling and adults, and about 0.2 
fetus in fawns (Fig. 4B). 

O'Roke and Hamerstrom (1948) calculated fawn crops as the 
George Reserve deer herd grew from 6 to 210 and subsequently 
declined to 74 head. A regression of fawn-crop sizes on preceding 
early-winter population densities indicates an inverse relation be­
tween fecundity rates and population size (Fig. 4C). They concluded 
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Figure 4.-Regressions of fecundity rates on population sizes in four deer herds (A from 
Teer et al. 1965; B from Hesselton et al. 1965; C from O'Roke et al. 1948; D from Swank 
1958). 

average reproductive rates were highest (about 60 percent) when the 
herd was first starting to increase from a small nucleus. The average 
reproductive rate was lowest ( about 38 percent) during a 6-year 
period in which they considered deer to be over-abundant. During a 
7-year period after the over-population was reduced, the average
reproductive rate was intermediate at about 54 percent.

O'Roke and Hamerstrom (op cit.) made several suggestions that 
are of particular interest to the thesis of this paper: "Our findings 
suggest that the George Reserve herd, in the absence of natural 
predation and with inadequate hunting pressure-in both of which it 
is comparable to many wild herds-tended to become to some extent 
self-limiting after it developed an overpopulation." The trend of their 
thinking is further indicated: "Is there here a population mechanism 
which may forestall the final rise to an erruptive peak, and is the 
significant thing about deer erruptions not that they sometimes 
happen but that they happen so seldom? Does such a mechanism plus 
predation, rather than predation alone, hold wilderness deer in check? 
Is reproductive capacity violently upset by nutritional deficiencies 
shortly before wholesale deaths by starvation begin? Does the lesser 
degree of variation in rate of reproduction at the lower level of 
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population indicate that psychological, rather than nutritional, causes 
are involved Y" 

The Kaibab North mule deer (Odocoileus hemionus) herd in part 
exhibited a density-dependent reproductive pattern somewhat similar 
to that described above for white-tailed deer populations. The popula­
tion increased from an estimated 16,869 head in 1951 to an estimated 
27,456 head in 1954 (Swank 1958). During this density increase, the 
corpora lutea rate decreased in yearling does from 1.55 in 1951 to 1.33 
in 1955 (Fig. 4D). The adult corpora lutea rate did not appear to 
respond to increasing density as it did in the white-tailed deer popula­
tions. However, in Swank's original data some oorpora lutea rates 
for adults exceeded an average of three per pregnant doe, which 
seems abnormally high. 

Fecundity rates have apparently decreased with population densi.ty 
in the White River elk herd ('Colorado) in a pattern similar to that 
described above for deer herds (Boyd, in press). The White River elk 
herd has steadily increased from an index density of about 2,100 in 
1958 to about 3,800 in 1967. During this 10-year period of population 
increase, the calf-cow ratio has steadily declined from 71 :100 to about 
59:100 (Fig. 5). 

The above five examples clearly suggest an inverse relation between 
fecundity rates and densities in deer and elk at higher densities. As a 

80 

"' 

870 
0 
0 

�60 
a. 

"' 
UI 

�50 
-c 
u 

• 

• 

• 

40 ... --2�
00

�0�------3�0�00�------�4,�000
I I 

NUMBER OF ELK 
. 

Figure 5.-Regression of fecundity rates on population size in the White River elk herd, 
Colorado (from Boyd, in press). 



OPTIMUM YIELD IN DEER AND ELK POPULATIONS 383 

response to this inverse relation, the linear relation between popula­
tion size and net population production of young at lower densities 
must become a pronounced curvilinear relation at higher densities. 
Also, as population densities increase and net production of young 
per individual declines, densities will be reached where the maximum 
net number of young will be produced by the populations. Beyond 
this point, net population production will decrease. Thus, the exam­
ples of changing population size and changing fecundity rates pro­
vide empirical support for the optimum-yield mechanism shown in 
Figs. 2A and 2B. 

DISCUSSION 

The principal management implication of the optimum-yield con­
cept is that maximum annual production of young in most deer and 
elk herds can be obtained by keeping population densities below those 
which other management policies might dictate. If maximum annual 
harvest is the management goal, manipulation of the population to 
achieve maximum turnover rate should take precedent over manipula­
tion of the population to achieve maximum size. Management efficien­
cy is thus measured in terms of achieving maximum annual net 
production. 

The optimum-yield concept also has a significant management 
implication for the management of deer and elk range. Perhaps the 
foremost deer and elk management problem is the maintenance of a 
healthy balance between populations and their food supply. Much has 
been written about the concept and problem of carrying capacity, but 
the concept continues to be vague and elusive for application in 
wildlife populations. Considerable time, effort, and money have been 
expended on attempts to measure changes in range conditions and 
browse production, which could be correlated with changes in popula­
tion densities, with the objective to determine densities which the 
habitat could support. These efforts, however well directed, have been 
unsuccessful primarily because of the extreme complexity of the 
interactions between the population's food demand and the habitat's 
food supply. 

Deer and elk management based on optimum-yield principles would 
not depend directly on population and food-supply measurements for 
fixing herd sizes. Population sizes which produce optimum yields are 
below densities where birth rates and death rates are normally 
balanced. If this natural balance point is at the population size that 
the range could support without inflicting adverse effects either on the 
range or on the population, then populations held at optimum-yield 
sizes cannot overbrowse or otherwise by direct use adversely affect 
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the vegetation. Thus, if populations were maintained at or near 
optimum-yield densities, vegetative and density studies designed to 
relate food supply and demand would not be necessary for efficient 
management of deer and elk populations. 

Another management implication in the optimum-yield concept is 
associated with the response of fecundity rates to density changes. As 
Scott (1954), Cheatum et al. (1950), Robinette et al. (1955), and 
many others have suggested, fecundity rates are readily modified by 
habitat conditions, and particularly by nutritional conditions. The 
nutritional changes are caused partially by the population's impact 
on the habitat and partially by factors external to the population. 
Thus, fecundity rates may be sensitive monitors of the total environ­
mental impact on a herd's welfare as are measurements of body-fat, 
starvation rates, etc. But the latter are terminal symptoms of critical 
environmental conditions, while fecundity-rate changes are initial 
symptoms of the onset of potentially critical environmental condi­
tions. Thus, fecundity rates of deer and elk populations may provide 
an indirect but objective measure of the relation between population 
density and food supply which direct measurements of population 
density and food supply have not provided. 

Finally, the optimum-yield mechanism may provide an objective 
reference point for the adjustment of population densities. The 
relative position of a population's density in its higher range of 
densities can be estimated by comparing the fecundity rate for a 
population at a given density to the fecundity rate for the density 
which would produce optimum yield. Thus, regardless of whether a 
manager wanted to adjust a population to its optimum-yield density, 
he would have a method and an objective reference point for gaug­
ing herd-density changes and subsequent changes in the welfare con­
ditions of the herd. Should habitat conditions change either from 
the effects of population density, or from the effects of extrinsic 
factors, either of which might not be detected with other techniques, 
changes in fecundity rates should provide an early warning of 
changes occurring in the balance between the herd and its habitat. 

The experimental White River elk herd in Colorado provides an 
example of how the foregoing concepts might be applied. The regres­
sion of calf-cow ratios on population-index values (Fig. 5) indicates 
that some factor associated with increasing density is causing a 
constant decline in annual calving rates. If a partial cause of this 
decline is nutritional deficiency, then the growing population is 
exerting a progressively greater influence on its food supply and may 
ultimately produce the classical over-populated and over-browsed 
range. Studies of the habitat's food supply and the population's food 
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demand probably would not demonstrate the progressive intra-specific 
competition indicated by the fecundity-rate pattern. 

Production data from Fig. 5 and mortality data not presented in 
this paper (Boyd, in press) were used to develop a population 
simulation model for the White River elk herd. The model predicts 
that the population, at an index size of about 4,000 in 1967, will, 
under present harvest rates, reach an optimum-yield index size of 
about 6,000 in approximately 12 years. Projection of the regression in 
Fig. 5 indicates the annual fecundity rates will have decreased to 
about 44 calves per 100 cows at the optimum-yield index density. 
Thus, attainment of the population size that will produce the max­
imum annual yield and maintain a safe balance between food supply 
and demand can be identified from fecundity-rate measurements. 
Should a change in range conditions occur when the population is at a 

given size, the change in the balance of food supply and demand 
should be monitored and thus measurable by changes in fecundity 
rates. 

SUMMARY 

1. The basic concept of optimum yield, as expressed in the theory of
fishing, is applicable to deer and elk populations: maximum
population size and maximum harvest are biologically incompati­
ble management goals.

2. Fecundity-rate responses to density changes in deer and elk
populations appear to be density dependent at higher densities
and thus provide the only mechanism necessary for populations to
conform to the conceptual optimum-yield model.

3. In the deer and elk examples, birth rates (fecundity rates) and
the net number of young produced per unit of breeding stock are
maximum and relatively constant at low densities, and thus net
population production of young increases proportionally with
breeding-stock size.

4. Fecundity rates and the net number of young produced per unit of
breeding stock declines at high densities, and thus total net
production is decreasingly proportional to breeding-stock size.

5. The maximum net annual production of young by the population
occurs when the product of increasing breeding-stock size and
decreasing net production of young per unit of breeding stock is
maximum.

6. Net annual production of young by the population declines as the
population size continues to increase and net production per unit
of breeding stock continues to decrease, thereby producing the
dome-shaped yield curve.
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7. The density that annually produces the maximum net number of
young is below the density which the habitat could maintain.

8. At optimum-yield density, a population's demand for food is
below the level where demand might tax the habitat's supply and
thus nutritional crises are not likely to occur.

9. Fecundity rates appear to be a sensitive monitor of the balance
between population food demand and habitat food supply, and
may be used as discrete and reliable measures for manipulating a
population to desired densities.
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DISCUSSION 

DR. AARON N. MOEN (Cornell University): Deer and elk are highly mobile, both 
moving from one area to another and about a particular center of activity. You 
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used the term "density" frequently. How do you identify "density"f How do 
you look at "density" when you can, in fact, have the same number of animals in 
a population but changing areas, which results in a continaully fluctuating 
density. What point in time do you look at densityf 

DR. GROSS: This is a good point and is something that carries a hidden 
implication. We have for years struggled with the task of trying to estimate 
densities in population. As Dr. Moen pointed out, density is a nebulous popula­
tion parameter and is difficult to measure. 

In the particular situations that I refer to, I used essentially the winter 
population densities that were responsible for a fawn crop or an ovulation rate the 
following spring. For this particular question, I see two answers. First, if the 
whole year is considered, these deer populations, particularly those in the West, are 
very mobile and a density figure in the summer means absolutely nothing. 

Perhaps, even within seasons, density is a nebulous concept and hard to pin 
down. If we could develop this theory of optimum yield and our understanding of 
yield relations, we could in large part depart from this extreme necessity of 
obtaining absolute density figures of the regressions which were based on density 
figures and density as necessary for calculating the optimum yield point. 

MR. DALE A. JONES (New Mexico): Some studies have shown that summer is 
more important than winter in deer production. Would it not be possible to have a 
eompletely overused winter range with an excellent summer range and still get 
high production Y 

DR GROSS: Yes, it certainly would. Of course, what I have presented here is a 
concept. There has been considerable discussion in literature that different stages 
of biology are affected by different summer and winter range conditions, and 
certainly, if summer range conditions contributed largely to fertility rates of the 
following breeding season, then the elements of summer range conditions would 
have to be figured in. 

It's true that some authors consider summer range to be, perhaps, as important 
in determining fecundity rates as winter range conditions; and perhaps this is a 
good point to bring out. We are dealing with a complex subject here, but 
regardless of whether it's winter range or summer range, the input seems to be a 
sort of computerized process with a single output of fecundity rates. If we are 
dealing with a nebulous relationship between summer range and winter range 
conditions and their comparative effects on breeding, then it would appear we can 
look at just one value, and that is fecundity rates. I suspect that if we look at the 
stages of reproduction all the way from ovulation to parturition the effects of 
summer range conditions and winter range conditions might be isolated out. 

MR. CURT HAMMIT (California): Jack, are we wasting our time and everything 
we have as far as utilization costs are concerned! Are you telling us that we better 
start looking at it in a different way! 

DR. GROSS: Yes. 
MR. HAMMOND: How do we do it' 
DR. GROSS: There are several other papers coming out on this in the near future 

with much more detailed explanations and processing, and these yield functions 
will be explained. I'm not saying that range studies should be done away with. I 
would be all for them if someone would show me just one field study where the 
carrying capacity has been objer.tively defined and proved to exist with the 
approach that we have been taking for the past 20 or 25 years. I think we should 
take a new look. 
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The Cooperative Animal Damage Survey (CADS) was begun to 
study the kind, amount, distribution, and significance of damage by 
mammals and birds to Douglas-fir and ponderosa pine plantations in 
Oregon and Washington. The survey samples the Douglas-fir and 
ponderosa pine regions of the Pacific Northwest; sampling plots are 
randomly located, regardless of damage potential or land ownership. 
Findings will be projected from actual growth and survival on 
sampled plantations over a 5-year period (Dimock and Black, 1968). 
Results will assist in estimating long-term losses caused by animals on 
such plantations. 

Foresters in Oregon and Washington are increasingly concerned 
and perplexed by animal damage to timber crops, especially to 
seedling, sapling, and pole stands. During stand development on 
forests west of the Cascade Mountains, young Douglas-fir (Pseudo­
tsuga menziesii) are typically subjected to injuries by small rodents 
( M icrotus sp., Clethrionmys occidentalis, N eotoma sp.), sooty grouse 
(Dendragapus obscurus), mountain beavers (Aplodontia rufa), 
snowshoe hares (Lepus americanus), brush rahbits (Sylvilagus bach­
mani), deer ( Odocoileus hemionus), elk ( C ervus canadensis), live­
stock, and black bears ( U rsus americanus). East of the Cascades, 
ponderosa pine (Pinus ponderosa) are damaged by jackrabbits 
(Lepus townsendii and L. californicus), snowshoe hares, pocket go­
phers (Thomomys sp.), deer, elk, livestock, and porcupines (Erethizon 
dorsat1tm) before reaching maturity. 

The seriousness of animal damage, defined as the result of any 
animal activity that reduces or delays total forest yield (Dimock and 
Black, 1968), has been long recognized in this region. Moore (1940) 
described forest practices in the Douglas-fir region and their relation 

'Paper 672, School of Forestry, Oregon State University, Corvallis, Oregon 97331. 
"The authors are conducting the survey as members of the Technical Sub-committee of the 

Animal Damage Survey (CADS) Committ,ae, in coordination with the Northwest Pest Action 
Council and the Western Forestry and Conservation Association. 
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to wildlife, the animals that affect growing trees, the types of damage 
they cause, and their influence on forest regeneration. Lawrence 
(1958) emphasized the ecologic relations between wildlife damage 
and the pattern of forest regeneration. He estimated annual losses to 
Douglas-fir growing stock on tree farms of Weyerhaeuser Company as 
nearly $800,000 in plantations and young reproduction, and $100,000 
in older age classes. 

Forest management practices in the Pacific Northwest, principally 
logging and fire, profoundly affect populations of forest wildlife 
(Moore, 1940; Lawrence, 1958; Crouch, 1968; Hermann, 1968; Ore­
gon State Game Commission and Oregon State Board of Forestry, 
1968). These wildlife populations, in turn, strongly affect the estab­
lishment and development of succeeding tree crops. In addition to soil 
disturbance during logging, site-preparation practices such as burn­
ing of slash, scarification ( mechanical removal of slash and debris), 
planting of conifers, application of herbicides, fertilizing, and thin­
ning all cause changes in vegetative composition and density, which in 
turn influence the number and condition of animals. About 255,000 
acres of commercial forest land are logged and burned each year in 
the two states (Payne, 1964), and an estimated backlog of 2 million 
acres of forest land is in need of rehabilitation. 

Forest management in the Pacific Northwest is becoming more 
intensive, and reforestation in the region has increased rapidly during 
the last 20 years (U.S. Dept. of Agric., 1967). In 1962, artificial 
reforestation was attempted on nearly 205,000 acres-about equally 
divided between direct seeding and planting. Expenditures for refor­
estation in Oregon and Washington rose from $800,000 in 1949 to 
more than $7¥2 million in 1962 (Payne, 1964). 

FACTORS THAT INFLUENCE ANIMAL DAMAGE-RELATION TO SAMPLING 

INTENSITY 

The relations of animal numbers to animal damage are highly 
complex. Commonly, wildlife species may occur on a plantation in 
large numbers but do no damage or only neglible damage to trees. 
Studies on Vancouver Island, British Columbia (Smith and Walters, 
1964), and in western Oregon (Crouch, 1968) indicate that the rate 
and intensity of browsing are affected by deer numbers, weather 
conditions, elevation, forage availability, and many other environmen­
tal factors. Harper ( 1968), in a study in southwestern Oregon, 
reported that the use of conifers by Roosevelt elk ( C ervus c. roosevel­

ti) was influenced by age of logged areas, treatment of logging debris 
(burned or unburned), type of logging, habitat type, and proximity 
to cover. 
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Damage is seldom distributed uniformly throughout a plantation. 
For example, even with 110 deer per square mile within a fenced area 
in western Oregon, Douglas-fir trees on certain sites received little 
browsing in winter ( Ore. State Game Com. and Ore. State Bd. of 
For., 1968). Smith and Walters (1964) also reported that deer dam­
age on Douglas-fir plantations on Vancouver Island was concentrated 
in areas that seldom exceeded 2 acres. Harper (1968) noted that 95 
percent of the Douglas-fir browsed seriously by elk were in areas 
adjacent to standing timber. Only 3 percent of the problem-areas 
were more than 300 yards from timber. 

These factors were considered in planning the survey, and they 
influenced our decisions on sampling intensity and on the complete 
randomization of sampling. We did not stratify our sampling because 
the distribution of wildlife species and patterns of conifer use were 
not known in the detail required. 

THE SURVEY 

Planning the Survey: 

Early in 1960, the Northwest Forest Pest Action Council's Commit­
tee on Forest Wildlife Problems requested assistance from the Pacific 
Northwest Forest and Range Experiment Station in designing a sur­
vey to inventory animal damage in forest stands. A problem analysis 
prepared by Pope3 provided initial guidelines. In January, 1963, the 
Station completed a survey plan and submitted it to the Committee 
(Herman et al., 1963). Although animal damage occurs in forest 
stands of all ages, the proposal was limited to measuring the effects of 
animals on newly established plantations of Douglas-fir and pondero­
sa pine. The plan was reviewed and accepted by the full Committee in 
May, 1963. 

An action committee (CADS) was then appointed and charged 
with the responsibility of implementing the survey and reporting the 
results. The Committee made the following major revisions in the 
plan: 1. Companies planting fewer than 50,000 trees per year were 
excluded from the survey. 2. The rate of sampling was increased from 
one plot per million trees planted to one per 500,000 trees planted. 3. 
The number of protected seedlings on each plot was increased from 5 
to 10. 4. All re-examinations and remeasurements of plots were to be 
accomplished by a small group of professionals-headed by the Tech­
nical Subcommittee. 5. The sample size was expanded by replicat­
ing the survey in a second planting season to increase reliability of 
the survey. 

8Pope, Robert B. Preliminary suggestions concerning an inventory of animal damage to 
forest lands of the Pacific Northwest. October 12, 1961. 
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PROCEDURES 

The general plan was to establish 207 sampling plots randomly 
located within Douglas-fir and ponderosa pine plantations to be 
planted in Oregon and Washington in 1963-64 (116 plots) and in 
1964-65 ( 91 plots). Only those forestland owners planting 50,000 or 
more seedlings during 1962-63 or 1963-64 were considered as potential 
participants in the survey. Plantations east of the Cascades were not 
sampled in the second planting season. 

Each sampling plot was to consist of 110 newly planted seedlings, 
10 of which were to be caged to protect them· from animal-caused 
injuries. Caged seedlings were to be controls for evaluating survival 
and growth of unprotected seedlings. Total heights and occurrences of 
animal damage were to be recorded annually for 5 years. 

A master list of potential cooperators was compiled from data 
obtained from forest nurseries in the region. Cooperators were then 
drawn at random. Fourteen major organizations and six small com­
panies were selected. 

Sampling Plots: 

Cooperators were instructed to select planting areas immediately 
after assignment of plots to assure equal probability of selection from 
among all units to be planted to Douglas-fir, ponderosa pine, or a 
mixture of the two species. Plots were randomly located by coopera­
tors. Procedures were outlined in training sessions for locating 
starting points of sampling plots by random coordinates. Typically, 
each sample consisted of four rows of staked seedlings (3 rows with 27 
seedlings each and 1 row with 29 seedlings) that formed a long, 
narrow, rectangular plot. Seedlings were marked individually with 
numbered stakes, and each sampling plot was identified with a 
roadside post and marker. 

Caging Control Seedlings: 

Ten of the 110 seedlings on each sampling plot were caged to 
protect them from wildlife. Each tenth seedling was screened, ending 
with tree 100. Cages were of wire netting with 1-inch mesh in the 
form of a cylinder 3 feet in diameter and 4 ft in height. Stakes 
supported the screens. Crews were instructed to install cages perpen­
dicularly on slopes, to cut the wire netting to conform to the slope 
where needed, and to avoid unnecessary disturbance of the planting 
spot. 

Of 207 sampling plots assigned to cooperators, 194 ( or 94%) were 
installed in two series-112 on 1963-64, and 82 in 1964-65. Failures 
to install some plots were caused by changes in planting schedules 



392 THIRTY-FOURTH NORTH AMERICAN WILDLIFE CONFERENCE 

that resulted from adverse weather and by the inability of some 
companies to participate. 

Planting dates extended from December through mid-June in both 
planting seasons. Lack of access or unsuitable planting conditions 
caused by persistent snow cover at higher elevations in 1964 resulted 
in some planting and plot installation being accomplished in late 
spring. This delay resulted in wide variation in the length of time 
that certain plots were exposed to animal influence-it also adversely 
influenced survival of certain plantations. At high elevations, mainly 
on national forests and BLM districts in southern Oregon, re­
examination of certain plots in 1964 followed closely after installa­
tion. 

A preponderance of plots (73 percent) is in Oregon, with most 
plots in both states (85 percent) on public lands: 73, Forest Service; 
54, Bureau of Land Management; 26, Oregon State Department of 
Forestry; and 10, Washington Department of Natural Resources. By 
species, 165 plots (85 percent) are in Douglas-fir plantations, 4 plots 
are in mixed Douglas-fir and panderosa pine, and 25 plots are in 
ponderosa pine, Jeffrey pine, or a mixture of the two. 

Plot Examination: 

Height of seedlings at planting was measured by each cooperator 
following plot installation so that height losses caused by animal 
feeding could be determined when seedlings were re-examined. 
Heights at planting were recorded to the nearest one-half inch­
subsequent measurements were recorded to the nearest inch. Stand­
ardized measuring procedures were outlined, which included instruc­
tions to measure seedlings on the north side next to the stake and 
to measure height to the tip of the terminal bud. Forms were provided 
for recording heights and supplemental information pertaining to 
location of plantation, locality of sampling plot, planting stock 
(species, age, nursery, lot number, seed source, elevation of seed 
source, date of lifting, date planted, condition of stock, spacing, new 
planting or replanting, quality of planting, and animal-repellent 
treatment on stock), history of planting area, and site data (years 
deforested, slash burned or unburned, wildfire history, site prepara­
tion, elevations, aspect, slope, and site classification). 

Re-examinations of plots and analyses of the data are being done 
cooperatively by representatives from four organizations-Weyer­
haeuser Company, the U.S. Bureau of Sport Fisheries and Wildlife, 
the U.S. Forest Service, and Oregon State University. Each member 
of the Subcommittee assumed responsibility for examining an assigned 
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group of plots. This procedure facilitates the examinations and assures 
continuity in observations. Examinations are made annually after bud 
burst during spring and summer.4 

Each annual observation period is from bud burst to bud burst to 
represent one year's growth, with the exception of the first examina­
tion after planting, which extended from planting date to bud burst. 

Height measurements, which are usually made during the growing 
season, are made from the ground to the base of new terminal 
leaders-current growth is not measured. Photo points are located on 
plots and a photographic record is maintained annually for most 
plots. 

Examinations are timed to follow bud burst rather than to occur at 
the end of the growing season, because on the average more serious 
damage occurs during the dormant season, and this damage is more 
difficult to detect and to identify in the fall. Also, many seedlings die 
after being damaged. Dead seedlings are often difficult to locate, and 
if found, the type of injury may be hard to interpret. Terminology in 
the illustrated guide to the identification of wildlife feeding injuries 
on conifers in the Pacific Northwest (Lawrence, et al., 1961) is fol­
lowed in classifying animal-caused injuries to seedlings. 

Data Processing: 

Notes are recorded on permanent field notebooks and subsequently 
transcribed onto OMR ( optical mark reader) forms for automatic 
data processing. Preliminary programming provides print-outs that 
summarize types of damage and damage agent and status of caged 
and uncaged seedlings in each sampling plot (number of trees live 
and dead, and number of each category damaged and undamaged; 
number of trees missing; number of stakes missing; average height of 
live undamaged and damaged trees; and average height of all trees). 
Appropriate data are expressed numerically and in percentages. 
Printed copies of summarized data sheets are provided cooperators 
each year for sampling plots on their lands. 

RESULTS 

Table 1 summarizes mean survival of caged and uncaged seedlings 
in both series of sampling plots for each year through 1968. Dead 
seedlings, damaged or undamaged by wildlife, and missing seedlings 
were included in mortality. Mean occurrence of animal damage on 
live, uncaged seedlings for both series of plots is summarized in Table 
2. More trees were damaged by animals each year, but animal-

4Tliree ponderosa pine plob; in eastern Oregon were not examined in 1964, and four 
Douglas-fir plots in Washington were not examined in 1965. One Douglas-fir plot in Oregon 
was destroyed by fire in 1966 and was not examined in 1967 and 1968. 



TABLE 1. MEAN SURVIVAL OF CAGED AND UNCAGED SEEDLINGS ON SAMPLING PWTS, IN PERCENT. 
(DEAD SEEDLINGS DAMAGED AND UNDAMAGED BY WILDLIFE, AND MISSING SEEDLINGS 

ARE INCLUDED IN MORTALITY.) 

Number Caged trees Uncaged trees 
Plantation State of 

plots 1964 1965 1966 1967 1968 1964 1965 1966 1967 

FIRST SERIES 
Douglas-fir Oregon 70 90.1 80.1 78.3 76.0 72.8 86.1 66.7 62.4 59.1 

Waehington 24 94.5 86,51 81.3 81.6 79.6 95.0 79.01 74.0 72.6 
Both 94 91.2 81.81 79.1 77.4 74.6 88.3 69.81 65.2 62.6 

Ponderosa pine Oregon 13 99.2 91.6 84. 7 82.6 77.6 97.8 70.0 57. 7 51.1 
Waehington 3 100 93.3 93.3 93.3 93.3 100 92.3 89. 7 86.7 
Both 16 99.4 91.9 86.3 84.6 80.4 98.2 74.2 63. 7 57.8 

SECOND SERIES 
Douglae-fir Oregon 46 - 79.4 71. 7 68.9 67.6 - 78.5 62. 7 58.0 

Waehington 25 - 90.31 81.31 80.3 79.3 - 86.8 72. I1 68.0 
Pines' Both 71 - 83.11 75.01 72.9 71. 7 - 81.4 65.91 61.5 

Oregon 9 - 88.9 78.9 74.4 69.8 - 88.1 71.8 59.2 

1 Data for one plot omitted in calculation of this mean value. 
• Ponderosa and Jeffrey pines, pure and mixed. 

TABLE 2. MEAN OCCURRENCE OF ANIMAL DAMAGE ON LIVE, UNCAGED 
SEEDLINGS ON SAMPLING PLOTS, IN PERCENT. 

First series Second series 
Plantation State ���-��--��� 

Number Number 
of plots 1964 1965 1966 1967 1968 of plots 1966 1966 1967 

Douglae-fir Oregon 70 9.4 35.6 30.4 39.9 29.5 46 6.1 41.4 36.0 
Waehington 24 6.2 33.2 33,51 36.8 32.1 25 5.8 33.81 33.2 
Both 94 8.6 35.0 31.11 38.8 30.2 71 6.0 38.81 36.0 

Pines• Oregon 13 7.8 20.2 22.2 13.2 17.6 9 4.8 16.7 1. 7 
Waehington 3 1.0 3. 7 4.7 4.0 6.3 
Both 16 6.5 17.1 18.9 11.4 15.3 

1 Data for one plot omitted in calculation of this mean value. 
• Ponderoea and Jeffrey pines, pure and mixed. 
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TABLE 3. MEAN HEIGHT AND STANDARD DEVIATION (BELOW EACH HEIGHT) IN INCHES OF LIVE SEEDLINGS 
IN THE FIRST SERIES (1963-64) AND SECOND SERIES (1964--65) OF SAMPLING PLOTS. 

Number Caged trees Uncaged trees• 
Plantation State of -------------------

plots 1964• 1964 1965 1966 1967 1968 

FIRST SERIES 
Douglas-fir Oregon 70 8.3 8.2 9.7 13.8 20.8 30.4 

2.2 2. 7 3.3 5.0 9.5 15.2 
Washington 24 9.4 10.6 10.6 17.3• 28.0 40.9 

3.9 5.3 5.3 9.5 14.2 21.3 
Both 94 8.6 8.8 10.0 14. 71 22.6 33.1 

2.8 3. 7 3.9 6.6 11. 2 17.5 
Ponderosa. pine Oregon 13 4.0 4.1 4.7 6.9 10.0 14.8 

1.3 1.3 1.4 2.1 3.3 5.3 
Washington 3 6.8 7.4 6.1 7.1 12.6 21.2 

3.4 2.2 0.9 2.9 5. 7 14.2 
Both 16 4.5 4. 7 5.0 6.9 10.5 16.0 

2.0 2.0 1.4 2.2 3. 7 7.5 
SECOND SERIES 

Douglas-fir Oregon 46 8.9 8.8 10.1 15.0 23.1 
3.2 3.3 3.3 4.8 7.4 

Washington 25 - 11.8 11.6 13.1• 19.3 29.4 
6.6 6.9 6.7 9.5 15.0 

Both 71 - 9.9 9.8 11.1' 16.5 25.3 
4.8 5.0 4.9 7.1 11.0 

Pinesfi Oregon 9 - 4.8 4. 7 4.9 8.3 10.2 
1.0 1.0 2.2 4.1 7.3 

• Both damaged and undamaged. 
• Height when planted. 
• Data for one plot omitted in calculation of this mean value. 
• Ponderosa and Jeffrey pines, pure and mixed. 
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damaged seedlings that died during the year of examination are not 
included in these data. Table 3 shows the mean height of caged and 
uncaged seedlings of both series of sampling plots. 

Survival: 

Important differences were noted in seedling survival as related to 
region, species, planting season, and caging. The greatest amount of 
mortality within one year's observation period was recorded after the 
first full growing season. But considerable mortality, unrelated to 
animal damage, occurred soon after planting. Average mortality of all 
Douglas-fir undamaged by animals at time of the first examination 
after planting was 10.8 percent for the first series of plots and 17.8 
percent for the second series.5 

After four growing seasons, survival of uncaged seedlings in the 
first series averaged 60 percent for Douglas-fir and 52 percent for 
pines. Average survival of uncaged seedlings in the second series after 
only three growing seasons was similar for Douglas-fir ( 58 percent), 
but higher for pines ( 56 percent). Several plantations were either 
complete or partial failures. 

Initial mortality among seedlings in the first series of sampling 
plots ( 1963-64 planting) was lower in all plantations than mortality 
occurring in the second series. Survival probably was influenced by 
differences between the growing seasons in 1964 and 1965. Unseason­
ably warm weather and drought during the spring and summer of 
1965 possibly caused the higher mortality. Variations in the quality 
and handling of stock in the two planting seasons may also have 
influenced survival. Survival of Douglas-fir was better in Washington 
than in Oregon. Better sites on the average and more favorable 
growing conditions in Washington may explain this difference. 

Survival of uncaged trees was lower than for caged trees, and this 
disparity is continuing to increase (Figure 1). For example, in 1968, 
survival of caged Douglas-fir seedlings in the first series of plots was 
75 percent as contrasted to 60 percent for uncaged seedlings. And in 
the same year, survival of caged ponderosa pine seedlings in the first 
series of plots was 80 percent as contrasted to 52 percent for uncaged 
seedlings. 

We recognize that the caged seedlings may not represent a com­
pletely unbiased estimate of tree performance, because some disturb­
ance of planting spots accompanied installation of certain cages, and 
the caging may have affected growth. Also, in a few instances, animals 
damaged seedlings within the cages. The principal effect of caging 

"Black, Hugh C. and William H. Lawrence. 1965. Second Progr.,ss Report of the Coopers· 
tive Animal Damage Survey of Forest Plantations in Oregon and Washington. CADS Com· 
mittee, Northwest Forest Wildlife Relations Council. 5 !' 
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Figure 1.-Mean survival of caged and uncaged Douglas-fir seedlings in both series of 
sampling plots in Oregon and Washington. Both curves originate at the mean planting date 
of seedlings planted in 1963-64 in the first series and in 1964-65 in the second series . 
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Figure 2.-Mean occurrence of animal damage on live, uncaged Douglas-fir seedlings on 
sampling plots in Oregon and Washington. Both curves originate at the mean planting date 

of seedlings planted in 1963-64 in the second series. The first examinations were made 
in the summers after planting in 1964 and 1965. 
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that we observed, however, was the greatly increased growth of 
herbaceous and woody vegetation within cages where it was protected 
from all feeding. 

Animal damage: 

Animal damage of some type and in some degree was recorded on 
two-thirds of all plots in both series at the first examination. In 
subsequent examinations, damage by animals was recorded on the 
average on 90 percent or more of all Douglas-fir plots. Mean damage 
on ponderosa pine plots in the second series occurred annually on 
about 75 percent of all plots. Roughly, one out of every three sur­
viving Douglas-fir seedlings was damaged each year. Injuries from 
deer occurred on most of the damaged plots in each year of the 
survey (Figure 2). 

Animal damage, in concert with other factors, markedly reduced 
height growth of unprotected seedlings (Table 3). For example, after 
4 years, mean height of uncaged Douglas-fir trees on sampling plots in 
the first series in Oregon and Washington was 23.4 inches, compared 
with mean height of caged seedlings of 33.1 inches. Furthermore, 
growth losses caused by animal damage are increasing each year (Fig­
ure 3). 

No important differences in mean growth of Douglas-fir or of 
ponderosa pine seedlings were noted in the two series. However, 
height of all seedlings when planted was higher in the second series 
(1964-65 plantings), especially in Washington. Average planted 
height of Douglas-fir seedlings on 24 plots planted in Washington in 
1963-64 was 9.4 inches and on 25 plots planted in 1964-65 was 11.8 
inches. Pine seedlings were smaller when planted and grew at a slower 
rate than Douglas-fir seedlings in both series. 

The average number of seedlings damaged on all plots increased 
markedly at the second examination of both series of plots. This 
increase is probably related to protection the first winter by the 
treatment with TMTD that most seedlings received at the nursery, 
and to the year-long exposure to animal damage ( the first examina­
tion had been made on the average about 3 months after planting). 

Importance of Damage: 

The nature, degree, and amount of damage must be evaluated in 
ranking animals in order of their destructiveness to reforestation in 
the region. Some kinds of damage are extremely limited in .occur­
rence, such as that caused by moles (Scapanus townsendii) and pikas 
( Ochotona princeps). Conversely, hares and brush rabbits are widely 
distributed, and the amount of clipping injury recorded is substan­
tial. But in most instances, damage consists only of clipping small 
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lateral branches. Surprisingly, no serious damage by snowshoe hares 
has been counted on any of the sampling plots. Other animals, such as 
mountain beavers, pocket gophers, and porcupines are widely dis­
tributed, and damage characteristic of each species caused high 
mortality, or greatly suppressed the growth of surviving trees that 
had been damaged. These animals are rated as important regionally 
and a serious threat to regeneration locally where populations are 
abundant or conditions are conducive to damage, even though the 
occurrences of damage were a comparatively small percentage of the 
total recorded. 

Browsing by deer was the most common damage by animals on all 
plots. Deer damage-mainly browsing of terminal or lateral branches, 
both during periods of rapid growth and during the dormant season­
represented about 56 percent of all occurrences of damage recorded by 
agent in 1968. Levels of deer damage were comparable each year. 

Based on current findings of the survey, deer rank first in fre­
quency as an agent damaging to reforestation in the region. Other 
animals that caused damage, by frequency of damage in 1968, were 
hares and rabbits, elk, grouse, mountain beaver, pocket gophers, do­
mestic stock, and porcupines. Insignificant amounts of damage were 
caused by pikas, microtine rodents, and moles. 

The types of tree damage are closely correlated with the occur­
rences of damage as recorded by animal species. Browsing of foliage­
mostly by big game and domestic stock-greatly exceeded all other 
types of animal-caused damage combined. Clipping of stems and of 
lateral branches, mainly by hares and rabbits, mountain beavers, 
porcupines, and pocket gophers, was next in order of occurrence. 
Budding, exclusively by grouse, ranked after browsing and clipping 
in order of occurrence on Douglas-fir plantations sampled in 1968. 
No budding was recorded on pine plots. Of all the other types of 
damage identified on Douglas-fir (barking, clipping of roots, pulling 
seedlings, trampling, and miscellaneous) each accounted for less than 
1 percent of damage occurrences tabulated. 

On pine plantations, however, clipping of foliage oc_curred more 
often than browsing in some years, and b11,rking-mainly by porcu­
pines and pocket gophers-represented about 10 percent of all 
occurrences. Damage by pocket gophers was recorded more often than 
damage by any other agent on the first series of sampling plots on 
pine plantations in 1968, but deer accounted for about two-thirds of 
animal-caused damage on the second series of pine plots. 

Examples of Animal Damage on Sampling Plots: 

Significant damage to planted seedlings mostly occurred in two 
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Figure 3.-Mean height and standard deviation of live Douglas-fir seedlings in the first 
series of sampling plots in Oregon and Washington. Both curves begin with the mean 
planted height, at the mean planting date. The first remeasurements were made in the 
summer after planting. 

ways :6 (1) seedlings were killed, usually as a result of clipping of 
stems or roots, or by the pulling of seedlings out of the ground; or (2) 
growth of seedlings was suppressed significantly because of extensive 
and repeated browsing or clipping injuries-this source of damage is 
of predominant importance. The first type of damage becomes signifi­
cant when the extent of damage is sufficient to reduce stocking below 
an acceptable level, so that productivity is reduced ( Grah, 1960) or 
reduces stocking so much that replanting is required. Both types of 
extreme damage to plantations are illustrated by the case histories of 
animal-caused mortality on plot 82, and by animal-caused suppression 
of height growth on plot 32. 

Plot 82. Three-year-old, repellent-treated ponderosa pine seedlings 
were planted in .April 1964 on plot 82 in central Oregon. The 
plantation is located on a burned site of low quality for ponderosa 
pine. The plantation is within a large fenced exclosure, which protects 

6Hugh C. Black, Wendell E. Dodge. William H. Lawrence, and Edward J. Dimock II. 
1968. Third progress report of the cooperative animal damage survey of forest plantations 
in Oregon and Washington. CADS Committee. 11 p. 



SURVEY OF ANIMAL DAMAGE ON FOREST PLANTATIONS 401 

the seedlings from deer, but does not exclude porcupines, hares, or 
pocket gophers. A bulldozer was used to scalp spots 10 by 10 feet for 
planting clusters of five seedlings each. 

Initial survival of seedlings was good and very little animal damage 
was observed in the summer of 1964 (Figure 4). Pocket gophers were 
active on the sampling plot, but did not damage seedlings during the 
first year. In 1965, many seedlings had been clipped by porcupines 
and pocket gophers, which resulted in death of many seedlings. Cattle 
used the area in 1966 and may have trampled or browsed some 
seedlings, but no known mortality was caused by grazing. Porcupine 
damage continued so that after four years 59 percent of surviving 
uncaged seedlings were killed or severely damaged, and two caged 
seedlings were clipped and girdled. This reforestation effort was a 
failure despite the costly practices of planting 3-0 seedlings, site 
preparation, and fencing to exclude deer. Ninety percent of the caged 
seedlings survived without damage. An early appreciation of the 

100 

80 

I-
z 

0 
60 a:: 

.. 

..J 

i 40 
> 
a:: 
:) 
"' 

20 

0 

CENTRAL ORE. 
PLOT 82--UNCAGED 

SURVIVAL 

ANIMAL ,, 
I \ DAMAGE 

I \
I 

I \ / 
I 

'v/ 
I 

1964 1965 1966 1967 1968 

100 

I-

80 
z

0 
a:: 

f 
.. 

60 "'
<t 

� 

z 
<t 

40> 

Q 
ILi 

C) 

20; 
i§ 

0 

Figure 4.-Survival of uncaged ponderosa pine seedlings and occurrence of animal damage to 
seedlingst on Plot 8 2 in central Oregon. 
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potential damage that forest rodents cause might have permitted the 
development of more effective measures to control their damage. 

Plot 32. Two-year-old, repellent-treated Douglas-fir seedlings were 
planted in January 1964 on plot 32 in the Coast Range of western 
Oregon. The plantation is on a high-quality site for Douglas-fir (Site 
II). The area supports a high population of black-tailed deer, which 
are abundant on the plantation throughout the year. Impact of 
browsing injury by deer on height growth is illustrated in Figure 5. 
Survival of seedlings on the sampling plot is excellent (100 percent of 
caged and 95 percent of uncaged), after four growing seasons. 

Browsing injury from time of planting until bud burst was neg­
ligible, possibly because of the repellent treatment, but new shoots 
on most uncaged seedlings were browsed by deer following bud burst 
in 1964. This pattern of repeated browsing of new shoots on most 
seedlings, with a smaller amount of browsing of stems during the 
dormant period, has been repeated each year. An exception occurred 
in 1965, when leaders of uncaged seedlings were browsed by deer 
during the dormant period. The impact of repeated browsing did 
not affect survival, but caused significant suppression of growth 
(Figure 5). Indications are that suppression will continue, as new 
shoots on nearly all uncaged seedlings were browsed by deer in the 
spring of 1968. The mean height of caged seedlings at the end of the 
growing season in 1967 was 51.6 inches, compared with a mean height 
of uncaged seedlings of 11.1 inches. The growth potential (or yield) of 
this site is not being realized because of repeated browsing injuries. 
Thus, the full sustained-yield capacity of this land is reduced. 

DISCUSSION 

We are nearing completion of the most comprehensive survey of 
animal damage that has been undertaken in the region. Our findings 
on the occurrence of animal damage and on the true impact of this 
damage in reducing forest productivity will be valuable to forest and 
wildlife managers in the region. But as Crouch cautioned (1968), we 
must translate these findings into workable guidelines that foresters 
can use to realistically manage the problems they encounter in the 
field. Further analyses of the data are planned to examine possible 
inter-relations among animal damage and site factors. Continued 
examination of selected plots is also planned to provide a better 
estimate of long-term effects of animal damage. 

Based on a recent questionnaire survey of animal damage on 
national forests in Oregon and Washington, Crouch (1969) reported 
that foliage browsing was the most common type of injury, followed 
by barking, root clipping, foliage clipping, and trampling. Problem 
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Figure 5-Mean height of caged and uncaged Douglas-fir seedlings on Plot 32 in western 
Oregon. 

animals, rated by frequency of citation, were deer, porcupines, pocket 
gophers, hares and rabbits, elk, livestock, small rodents, mountain 
beavers, and bears. The Forest Service also estimated that about 25 
percent of all reforestation work must be redone; animal damage 
accounted for 20 percent of all reasons cited for necessary replanting 
on areas where reforestation measures had failed. 

Weyerhaeuser Company, in a recent rating of losses caused by 
forest wildlife on their lands,7 assigned 44 percent of damage causes 
to deer and elk, 35 percent to rodents, 13 percent to bears, and 8 
percent to porcupines and livestock. 

In a current review of the status of problems caused by five groups 
of small mammals in Oregon and Washington, Canutt (1968) ranked, 
in order of importance, porcupines, pocket gophers, hares and rabbit, 
mountain beavers, and dusky-footed woodrats. 

Estimates by forest managers of animal damage on public and 

•Morgan, H. E. 1967. Forests, fauna, and finances. Speech, Pacific Logging Congress, No­
vember 9, 1967. 12 p. Weyerhaeuser Company files. 
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private forestlands in Oregon and Washington were also reviewed by 
Dimock and Black ( 1968). The predominant damage reported was 
foliage browsing by deer, but the estimates underscored the regional 
diversity in nature and relative importance of different types of 
animal damage as seen by forest managers. Much of the difference in 
emphasis accorded each group of forest wildlife by these surveys is 
caused by the inclusion in the estimates of all age classes from 
regeneration to mature stands. Nontheless, as demonstrated by this 
survey, foliage browsing by deer greatly exceeds all other types of 
animal damage. Deer were also reported as the primary cause of 
damage on forests in California ( Calif. Pest Action Council, 1964). 

Our findings demonstrate that animal damage occurs generally 
throughout the region, varies in nature and degree, and probably has 
a significant impact on productivity. Clearly, the risk of damage re­
quires added costs for control measures such as repellents, large 
planting stock, mechanical barriers, and site preparation. Replanting 
and other costly retreatment also may be required, or reduction of 
stocking to a low level may reduce future yields. 

The large amount of seedling mortality unrelated to animal dam­
age, especially that recorded soon after planting, is singularly signifi­
cant. It is of added importance in assessing the occurrence and extent 
of animal damage, because of the common tendency of some resource 
managers in the region to assume that animals cause most tree losses. 
This assumption arises because reforested areas are examined infre­
quently, usually only on the first and third years after planting, and 
most dead seedlings go undetected, but surviving trees often evidence 
animal damage and the animals or their sign are ever present. 

Animal-caused mortality of trees, particularly the continued attri­
tion over several years that typifies damage caused by mountain 
beavers, pocket gophers, and porcupines, combined with high natural 
mortality, particularly on "tough sites," may assume added impor­
tance in the long run. Conversely, minor mortality associated with 
animals may not affect stocking significantly. A recent study by Grah 
(1960) suggests that animal damage in the form of a reduction in 
initial stocking of Douglas-fir is negligible so long as stocking remains 
at about 300 trees per acre. But below this level, Grah found that 
damage is probably related linearly to stocking level. Teeguarden 
(1968) estimated the difference in present value of a Douglas-fir 
plantation with about 75 trees per acre in comparison to one with 600 
trees per acre to be on the order of $130 per acre for Site II, $71 per 
acre for Site III, and $34 per acre for Site IV. 

Animal-caused suppression of height growth is the most common 
and wide-spread effect of animal damage in the region. But as Crouch 
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(1968) noted, we know very little about the long-term effects of 
damage that suppresses growth. Relations between trees browsed as 
seedlings and their appearance and condition at rotation age have not 
been described. 

Suppression of growth suggests potential extension of rotation. 
Smith and Walters ( 1965) calculated that an advantage of 10 inches 
in height between Douglas-fir seedlings when planted could be associ­
ated with a difference of 2.6 years in length of the rotation, if the 
advantage persists. They also asserted that each year by which 
rotation length can be shortened has a substantial present worth. 
However, in a study on Vancouver Island to determine the effect of 
animal feeding upon height growth in Douglas-fir plantations, 
Mitchell (1964) concluded that productivity likely would not be 
seriously affected at rotation age, despite an average reduction in tree 
height caused by deer browsing of from one-half to 2 feet over a 
period of 8 to 10 years . 

.A recently completed assessment of the impact of animal damage 
on tree farms of the Weyerhaeuser Company in the Pacific North­
west showed that 224,000 acres ( or 8 percent) of the Company's lands 
are affected by animal damage . .As a consequence, the average loss in 
yield of damaged areas was estimated as 6,000 board feet per acre. 
This is equivalent to a total reduction in yield of 1113 billion board 
feet. 

Dimock and Black (1968) concluded that within the Pacific North­
west, damage by animals is costing the timber industry several 
million dollars each year. However, they pointed out that many 
variables, projections, and assumptions are involved in damage as­
sessment. Flora (1968) gives an excellent insight into this common 
problem. He emphasized the potential pitfalls in appraisals of eco­
nomic damage that are sometimes ignored in hasty studies. Thus, 
the true impact of animal damage in the long run can only be assessed 
in combination with all site factors that affect tree growth, and with 
related economic analyses. 

SUMMARY 

.A survey of animal damage to forest plantations in Oregon and 
Washington was begun in 1963, under the direction of the Cooperative 
.Animal Damage Survey Committee. The survey is scheduled to end in 
1969. Cooperators in the two states installed a series of 112 randomly 
located sampling plots in plantations during 1963-64 and a second 
series of 82 during 1964-65. Of these plots, 165 are on Douglas-fir 
plantations, 4 are in mixed Douglas-fir and ponderosa pine, and 25 are 
in ponderosa pine and Jeffrey pine, or mixtures of the two. Three-
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quarters of all plots are in Oregon, and most of the plots in both 
states are on public lands. 

We found a significant amount of mortality, unrelated to animal 
damage, soon after planting. Several sampled plantations were com­
plete failures, and others have suffered heavy mortality (from all 
causes). After four growing seasons, survival of uncaged seedlings in 
the first series of plots averaged 60 percent for Douglas-fir and 52 
percent for pines. Average survival of uncaged seedlings in the second 
series after only three growing seasons was similar for Douglas-fir ( 58 
percent), but higher for pines ( 56 percent). Based on differences 
between survival of caged and uncaged seedlings, animals caused 35 
percent of the mortality in Douglas-fir, 51 percent in the pines. 

As determined by annual examinations, animals damaged seedlings 
on all plots. Browsing and clipping of stems were the principal causes 
of seedling injury. Cutting of roots, budding, barking, trampling, 
pulling seedlings from the ground, and covering seedlings with soil 
also were noted. Browsing by deer was the most common source of 
animal damage on all plots. Animals that injured seedlings, ranked 
by frequency of damage in 1968, were big game, hares and rabbits, 
grouse, mountain beavers, pocket gophers, domestic stock, porcupines, 
microtine rodents, and moles. 

Animal damage markedly reduced the height growth of unprotect­
ed seedlings. After 4 years, the mean height of uncaged Douglas-fir 
trees in the first series in Oregon and Washington was 23.4 inches, 
compared with mean height for caged seedlings of 33.1 inches. 
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DISCUSSION 

MR. BYELICH: Apparently animals are maintaining their own habitat by 
chewing it back into regrowth to provide them with a new food supply the 
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following year. Certainly some damage can be expected, but I'm wondering what 
does forestry really expect from your plantation, Do you really expect 100 percent 
survival, and what percent of the plantation do you expect at maturityf 

DR. BLACK: That's a very good question. I indicated at the outset that mere 
occurrence of injuries, whether it's injury that will kill seedlings, such as pulling 
seedlings out of the ground or clipping them off, isn't going to have much impact. 
Browsing injury which may cause suppression of growth but which affects only a 
small percentage of the seedlings, also, won't have much impact. 

What we're concerned with is damage of sufficient magnitude that either 
survival is so poor that we have to restock the plantation and probably have lost 
several years of growth in the meantime, or we will accept this reduced stocking 
and a reduced yield at the end of rotation. 

On the other hand, if injury is sufficiently extensive and persists, we can have 
suppression of growth and an extension of the number of years required for the 
trees to gain maturity. 

MR. E. V. KOMAREK (Florida): I noticed that practically all of your plots were 
on burned land. This might create a fallacy in some of your results if the land 
around these areas is managed differently. We know that vegetation that comes up 
on burned land is higher in protein and so you are literally trapping the animals 
on your plantation. If so, this is rather unusual damage except as it applies to 
these kinds of conditions. 

DR. BLACK: I don't wish to imply that we're simply sampling reforestation on 
wildfire areas; this is not the case. 

We have a random sampling of all of the plantations, all of the reforestations in 
the Douglas-fir and the ponderosa pine region of the two states in the two years. 

If wildfire areas were reforested, we were on those areas, but in the main, we 
were on areas on which the timber was cnt and the slash was burned. It's quite 
different than a wildfire situation. On most of the cut over areas, the slash is 
burned. 

FROM THE FLOOR: You indicated that apparently half of the artificial re­
generation was direct seeding and the other was planting. Do you find any 
difference in the degree of damage to plantings versus direct seedings� 

DR. BLACK: Well, I expect there was, but we were only concerned with plan­
tations where seedlings were planted. We did not sample areas that were seeded 
artificially and we did not sample natural regeneration, but as to damage occur­
ring on seeded areas, we have very serious impact by animals-particularly small 
animals and birds-on the seed itself and then on the newly germinated seed. Wee 
have not attempted to study any differences quantitatively. 

FROM THE FLOOR: In the South we have a similar problem, not near 
the magnitude that you have, but where we plant pine seedlings, we get damage 
from animals we never get in natural regeneration or even with direct seeding. We 
think fertilization in the nursery is the possible cause of this. 

MR. W. H. LAWRENCE: (Weyerhaeuser Co., Washington): You were interested in 
the impact of these losses on a forest and you answered it in a rather general way. 
I would like to be a little more specific and say that now in a program of intensive 
management in the Douglas-fir region we are developing some tables of per­
formance which will establish stocking standards, that is the space between trees, 
which will give us the number of trees per acre and also a growth curve schedule 
that tree seedlings will have to meet in their growth performance. So we can tel1 
at four and a half feet whether a tree is on schedule or not by the number of 
years it has taken to reach that point. 

So forestry is becoming an extremely intensified practice. We're developing 
rather precise standards for judging performance and these case histories will give 
us an opportunity to build into our computer simulation and allow for animal 
damage. The real value of the survey in providing some precise information on 
what kinds of losses we can expect on forest sites. We have a lot of estimates and 
horseback guesses, but this is the first time that we will have precise case history 
information for this intensive type management. 
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The mountain goat ( Oreamnos americanus) is one of many big 
game animals that have been able to withstand the tremendous early 
exploitation imposed by the westward movement of civilization: In 
the past, the population of mountain goats in the United States 
appears to have been stable with the exception of introduced herds. 
However, wildlife resources in the West are now being subjected to 
additional pressures of an increasing human population with more 
time for recreational hunting. To meet this challenge, wildlife manag­
ers will have to intensify their efforts and utilize the best techniques 
and information available. 

Although not native to Colorado, the mountain goat has become 
successfully introduced on some of Colorado's higher mountains. A

current estimate of the number of goats in Colorado is 350. The 
information presented here is the result of an intensive two-year 
study (1963 and 1964) of the ecology of the mountain goat in 
Colorado combined with additional studies during 1965 and 1966. 
Over 1600 hours were devoted to field study during which more than 
5000 observations were made of mountain goats. The project was 
supervised by the Colorado Cooperative Wildlife Research Unit and 
financed through the Colorado Game, Fish and Parks Division Feder­
al Aid to Wildlife project W-41-R-14. 

The Collegiate Range, located in south central Colorado, was the 
main area studied since approximately 85 percent of Colorado's 
mountain goats occur here (Fig. 1). However, additional data were 
obtained from the Mt. Evans area, approximately 50 miles west of 
Denver, where approximately 75 mountain goats live. At the present 
time, there are from 250 to 300 goats in the Collegiate Range, a 
substantial increase from the original 14 released in the area in 1949. 
A third herd of less than ten is found in the Gore Range, and a 1964 
transplant of six animals is mpintaining itself in the San Juan 
Mountains. 

1Contribution of the Colorado Cooperative Wildlife Research Unit; Colorado State Uni· 
versity; Colorado Game. Fish and Parks Division; Wildlife Management Institute; Bureau 
of Sport Fisheries and Wildlife, cooperating. 

2Assistant Wildlife Researcher, deceased. 
•Biologist, BSF&W, and Leader, Cooperative Wildlife Research Unit. 
•Professor, Department of Fishery and Wildlife Biology. 
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.A base camp was established in the Collegiate Range at 10,500 feet 
elevation at Mt. Shavano. Daily trips were made to goat habitat less 
than one mile away. The effects of weather, elevation, aspect, topogra­
phy, slope, and vegetation type as related to mountain goat activities 
were recorded. Sex of goats was determined whenever possible, using 
urination posture as the determining criterion. Simply, the male 
stretches and the female squats. This technique proved to be satisfac­
tory for distances to one mile when a 30X spotting scope was used. 
The technique was applicable to kids as well as adults . .Aerial flights 
were conducted each month to get gross information on distribution 
and habitat use. During the flights mountain goats were seen in areas 
ranging from approximately 9,500 feet to 13,500 feet elevation, with 
the greater number ( 61 % ) being observed in the 12,000-13,000 foot 
zone. Similar results were obtained from ground observations, except 
that a greater number (81%) were in the 13,000 to 14,000 foot zone. 
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Figure 1.-The intensive study area on Mt. Shavano, Collegiate Range, Colorado. 
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Mountain goats were recorded throughout the year at various eleva­
tions. The season of the year apparently had little effect on which 
elevation they utilized. Mountain goats in the Collegiate Range 
occupy some of the highest elevations, as well as the southernmost 
location of any mountain goat population in North America. 

Mountain goats in the Collegiate Range appeared to have a higher 
reproductive rate and lower mortality rate than those studied in 
Idaho and Montana (Brandborg, 1955). The highest reported produc­
tion rate we found in the literature was by Hanson (1950), who 
reported a kid :yearling :nanny ratio of 86 :52 :100 in the Black Hills 
of South Dakota. Other studies on mountain goats (Anderson, 1940; 
Cowan, 1944; and Brandborg, 1950 and 1955) have shown kid :year­
ling: nanny ratios varying from 33 :7 :100 to 75 :55 :100. 

We studied the Mt. Shavano herd intensively in the Collegiate 
Range. During 1963, the kid :yearling :nanny ratio was 150 :25 :100, 
indicating that a substantial number of nannies had twins. In 1964 
the ratio was 100 :125 :100. Although only aerial observation informa­
tion was obtained on other herds of mountain goats in the Collegiate 
Range and on Mt. Evans, similar high reproductive rates were in­
dicated. We believed the high reproductive rate of the Mt. Shavano 
herd could be attributed in part to the fact that all the adult females 
were concentrated into two large herds, making it highly improbable 
that any adult female would not be bred. Also, kid and yearling 
survival were good. Most investigators (Anderson, 1940; Hanson, 
1950; and Brandborg, 1955) have found that seldom will more than 
50 percent of the kids live through the long-yearling age class. 

From the 5,039 observations of mountain goats, it was found that 
86 percent were associated with southern exposures. We attributed 
this preference to the fact that south-facing exposures in the Rocky 
Mountains typically have more moderate microclimates than other 
aspects. Here vegetation is abundant and although soil surface 
temperatures may reach 100 °F the solar heating is moderated by cool 
winds. 

Daily movements of mountain goats were related primarily to two 
basic activities: feeding and bedding. Data on these activities were 
recorded as distance moved in yards when feeding and traveling to 
resting places. Mountain goats generally dispersed in different direc­
tions when feeding and then regrouped later to travel to a common 
bedding ground. To determine the mean daily movement during 
summer (June-September), only those days were used when the 
goats were under continuous observation for 12 or more hours. From 
these data it was found that the mean daily movement was 691 yards 
with a standard error of 82 yards. During summer rainstorms 
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mountain goats remained relatively inactive. After a storm passed, 
the goats commenced to feed, and this was one of the best times to 
observe them. When one considers the vast expanse of suitable 
summer habitat available, the mean daily movement of approximately 
700 yards seems quite limited. In winter, when deep snows hinder 
movement, mountain goats might be confined to small areas for 
several weeks at a time. 

During summer months mountain goats generally left their bedding 
ground shortly after daylight (about 5:00 a.m.), started feeding, and 
fed intermittently until mid-morning (10 :00 a.m.). The morning 

feeding was found to be the longest of the feeding periods although 
mountain goats were observed to feed during all daylight hours for 
continuous periods from 10 minutes to 2 hours and 15 minutes. 
During most summer days mountain goats tended to feed gradually 
uphill in the morning and into early afternoon ( 1 :00 p.m.). In late 
afternoon ( 4 :00 p.m.) and evening they fed downhill, drifting toward 
the base of the valley. This daily movement uphill during the hot part 
of the day may have been an effort by the goats to seek cooler 
elevations as well as areas of greater air circulation and possibly to 
escape from insects. The goats appeared to follow a grazing pattern in 
which they tended to move freely between five different basins, 
usually during late afternoon and evening. Under these circumstances 
the goats would feed throughout the next day in the immediate area 
until late afternoon and then start traveling again. This same 

procedure was repeated until the goats reached their desired destina­
tion. They then would settle down and remain in a small area of 5 to 6 

acres for 3 to 7 days before moving on. Goats in the Collegiate Range 
did not exhibit true migration. Instead, they moved freely throughout 
the range and did not use particular areas during any one season. 
Observations in Alaska, Idaho and Washington showed that seasonal 
migrations occurred between winter and summer ranges (Anderson, 
1940; Brandborg, 1955; and Klein, 1953). 

Analysis of field data indicated that a significant statistical differ­
ence (95% level) existed between the length of time spent feeding 
during four selected time periods of each day. It was clear the goats 
spent more time feeding during time intervals I ( 6 :00-9 :00 a.m., x 
= 63 min.) and IV (3 :01-6 :00 p.m., x = 61 min.) than during 
intervals II (9 :00 a.m.-12 noon, x = 41 min.) and III (12 :01 p.m.-
3 :00 p.m., x = 43 min.). Thus, a daily feeding pattern of two active 
periods, morning and evening, were separated by minor feeding 
during the middle of the day. No significant difference occurred, 
however, between Time Intervals II and III, and I and IV. 

In general, mountain goats preferred to live in close groups-
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bedding, feeding, and traveling together. Females left the main herd 
to have their young in the spring, but they rejoined the main herd 
when the kids were able to follow. During spring and summer the 
males were solitary or in small groups. In the breeding season males 
joined the females, kids, and yearlings. Following the rut, the herds 
reached their greatest numbers. A decline in herd numbers occurred 
during winter and early spring. Although mountain goats tended to 
band together, the adults in a herd appeared to be intolerant of each 
other. 

Probably the most intolerant animals in a herd were the adult 
nannies with kids. Normally, agonistic behavior was displayed by 
adult females when other members of the herd approached to within a 
minimum tolerance distance of approximately 10 feet. Adult females 
also exhibited similar behavior when their kids were approached by 
other members of the herd. No physical contact was observed during 
these displays, which typically resulted in nothing more than a short 
rush-threat with a horn-thrust by the attacking female. T'he intruder 
retreated in all cases observed. Geist (1964), however, cited an 
example where two adult males inflicted serious wounds on each other 
during the rut. Most encounters, however, appeared to be settled by a 
few fast rushes, followed by the hasty retreat of one participant. 

A particular goat did not serve as leader of the herd; however, the 
older adult females with young appeared to demand the greatest 
respect from the other age groups. The "peck order" within the herd 
in decreasing scale of respect was: females with young, females 
without young, two-year-olds, yearlings, kids, and adult males. From 
observations of the intra-herd relationships within the various sex 
and age classes, it would be our recommendation that transplants for 
stocking new ranges include at least the following composition: three 
adult females; two adult males; two, 2-year old females; one, 2-year 
old male, and if possible, four yearlings with an even division of the 
sexes. When transplanting goats into new areas, they should be kept 
in holding pens in the vicinity of the transplant site and released as a 
group rather than individually. If possible, the animals should be 
held in the pens until they have become familiar with their new 
surroundings and have become quiet. These precautions will help 
eliminate the wide scattering and eventual loss of individuals seeking 
their native range. 

The mountain goat is considered to be a tolerant animal and seldom 
displayed antagonism toward other big game species. Brandborg 
(1955) noted occasional intolerance between mountain goats, elk, and 
deer at salt licks. Klein (1953) reported intolerance between moun­
tain goats and bighorn sheep. We found the mountain goats to be 
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indifferent to the presence of bighorn sheep, but at times the sheep 
appeared annoyed and would leave an area occupied by mountain 
goats. Competition for food and cover between mountain goats and 
other big game species on mountain goat habitat in Colorado is 
considered slight during most of the year. However, competition was 
noted during critical winter periods when sheep and goats occasional­
ly became concentrated on lower elevation ranges in the winter. The 
influence of livestock grazing to mountain goats was regarded as 
minimal due to the rugged type of terrain occupied by the mountain 
goats. 

Another phase of this study was concerned with the food habits of 
mountain goats. Investigations in other areas have shown the seasonal 
food preferences of mountain goats to be extremely variable. These 
conclusions were substantiated by this investigation. Anderson (1940) 
found that goats in Washington browsed more than they grazed 
during the summer. When bunch-grasses were available on the winter 
range, they made up as much as 90 percent of the diet. Cowan (1944) 
found that five goat stomachs collected during the summer in British 
Columbia contained 63 percent grasses and sedges, 23 percent willow, 
and 14 percent herbaceous vegetation. Grasses and sedges made up 
the greater amount of the mountain goat's diet in Alaska, according 
to Klein (1953). He reported that browsing was done mostly in 
winter, but even then woody plants comprised only a small percentage 
of the diet. Brandborg ( 1955) analyzed the con ten ts of six goat 
stomachs collected in Montana and found that grasses and mountain 
mahogany provided 96 percent of the volume of winter foods. Shrubs 
were considered primary and grasses and £orbs secondary in the 
summer diet of goats in Montana (Casebeer, 1948). Grasses made up 
about 65 percent of the winter forage in Montana with shrubs of 
secondary importance. Many browse species, heavily used in summer, 
were not browsed in winter. 

To obtain information on food habits, stomach samples were 
analyzed from four goats killed during the regular 1964 mountain 
goat hunting season. In addition, Forest Service standard, "Parker 
3-step" utilization transects were conducted in areas where mountain
goats had fed. Similar results were obtained from those two methods
indicating that grasses and grass-like plants made up the bulk of the
summer diet. The stomach samples contained an average of 89 percent
grasses and grass-like plants while transect data showed that Kobre­
sia (Kobresia bellardi), Scribner's wheat.grass (Agropyron scribneri),
and bluegrass (Poa sp.) were the species utilized most on the summer
range.

Grasses and grass-like plants also constituted the bulk of the winter 
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diet; although, moderate browsing of woody plants occurred. Moun­
tain muhly (Muhlenbergia montana), Arizona fescue (F'estuca ari­
zonica), and Thurber's fescue (F'estuca thurberi) were the species 
showing greatest utilization on the winter range. Limited winter use 
was made of Rocky Mountain maple (Acer glabrum), Mountain 
mahogany (Cercocarpus montana), squaw currant (Ribes cereum) 
and willow ( Salix sp.). 

Dominant plants in the areas of heaviest goat use were alpine 
clover ( Tri! olium dasyphyllum), dwarf clover ( Tr:ifolium nan um), 
Kobresia, and alpine avens ( Geum turbanatum), with an average of 
17.0 hits per transect for the clovers, and 15.5 and 11.0 for Kobresia 
and alpine avens, respectively. The plant density index of these areas 

averaged 64 hits per transect, with an average of 43.7 hits per 
transect on desirable and intermediate plants. It appeared these areas 
were preferred by goats as evidenced by frequent and repeated use. 

Although water may not be an important factor, it probably in­
fluenced distribution of certain mountain goat herds. This was evi­
denced from the data on movements which showed that goats seldom 
were found more than one-half mile from free water. Goats were 
observed eating snow as well as drinking from free water sources 
on numerous occasions during the study. They also exhibited stress 
during periods of drouth. 

Probably the most salient feature of mountain goat habitat in 
Colorado was the rugged topography these animals occupied. Nearly 
all areas where goats W(lre observed were characterized by sheer rock 
outcroppings and talus slides interspersed with steep grassy slopes. 
Goats in Colorado utilized this intermittent rock-grass type 70 
percent of the time and seldom were observed far from cliffs and large 
rocks. Swift (1940) similarly noted that during inclement weather, 
heat of day, and when kidding, mountain goats in the Black Hills of 
South Dakota also sought shelter in caves, under overhanging rock 
ledges and among large rocks and boulders. 

Another habitat requirement of importance to mountain goats in 
Colorado was the availability of rough, precipitous terrain on low 
(9,500 to 10,000 feet elevation) southern exposures. Topography of 
this type was used by nannies as kidding grounds during spring. 
These areas also were used as wintering grounds during periods when 
deep snow covered the grasses above timberline. 

The high-elevation, exposed, windswept, alpine terrain above tim­
berline was an important part of the mountain goat's habitat in 
Colorado. Mountain goats were observed using these areas during all 
months of the year and the accessibility, availability, extent, and 
juxtaposition of habitats of this type might well be the limiting factor 
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during critical winter periods when deep snow limits the mobility of 
the goats and covers major grassland feeding areas. Aerial surveys of 
utilized or potential mountain goat habitat during winter months 
provided an evaluation of the importance of such terrain to the 
mountain goat. 

Censusing from the air proved to be the best method of determining 
the number of goats occupying a broad area in the Collegiate Range. 
Data from air and ground counts on the same areas compared quite 
closely. It was found that individuals could be counted accurately on 
the film of an aerial photograph of a herd, and this was one of the best 
ways to obtain a count when the goats were in open areas above 
timberline. 

Population status can be determined easiest and most economically 
by periodic aerial censuses. Based on experience gained in this study, 
the slow flying, maneuverable Piper Super Cub (PA-18 with 140 HP 
engine) proved to be very good. The helicopter was best for cen 
susing; however, the cost per hour was about six times greater than 
the Super Cub ($15.00 compared to $90.00). Early morning and late 
evening seemed best for census work since most of the mountain goats 
were feeding and consequently were more visible than at other times 
during the day. The best time to obtain a total count of goats in an 
area was during the last two weeks of November. Aerial counts on two 
successive days seemed to provide more reliable information. 

Colorado has had a mountain goat season since 1964. We believe 
this is in keeping with the object of providing high-quality recre­
ation, even if only for a few hardy hunters. To be legal, the animal 
must have horns six inches long or longer and not be followed by a 
kid. Theoretically, this selects the males. With a polygamous species, 
such as the goat, this does not hurt the breeding potential. Four goats 
were killed in the Collegiate Range in 1964, 4 in 1965, and 3 in 1966. 
In 1967 the Mount Evans area also was opened to hunting. One 
hundred twenty-seven people applied for 18 permits and 14 goats 
were killed (77%). In 1968, 154 people applied for 19 permits and 
killed 15 goats (79%). 

If an individual draws a permit one year, he cannot apply the next. 
Some have suggested that if a person kills a mountain goat in 
Colorado, he should not be allowed to apply again for five years. This, 
however, is not yet part of the current regulations. Non-residents are 
not permitted to hunt mountain goats in Colorado. 

Continued close management will be necessary to maintain estab­
lished herds. It is evident that as each year of hunting passes, 
Colorado sportsmen become more interested in the mountain goat. 
Under the impetus ( f increased enthusiasm, it is important not to 
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liberalize the number of annual permits beyond what the resource can 
stand. For this reason, close surveillance of present herds for contin­
ued maintenance of their numbers will be necessary. 

In areas where mountain goats have increased, we feel it is a good 
management practice to trap surplus goats and introduce them into 
new areas. Montana and Alaska have been successful in establishing 
mountain goats with this method. It is our belief that Colorado has 
considerable potential for increasing the number of mountain goats. 

At present, mountain goats can be trapped from herds in the 
Collegiate Range for transplantation to other suitable areas. First, 
however, location of suitable sites will need to be made. A general 
feasibility survey should be conducted by airplane during late winter 
(February, March and April) since this period appears to be the most 
critical. Relative evaluation of prospective transplant sites should be 
on the basis of presence and extent of wind-swept, snow-free terrain 
with southern exposures in juxtaposition to protective cover such as 
rocks, ledges, caves and brushy patches. An indication of carrying 
capacity for the prospective transplant sites can be made using a 
daily food consumption factor of 3 lbs. (air-dry weight) per animal, 
per day. The food consumption factor was derived from research on 
deer (Carhart, 1946; Cowan, et al., 1957; and Nichols, 1938) but we 
feel it would be usable for mountain goat range evaluation. 

Livetrapping mountain goats is difficult because of the rough 
terrain in which they live. A variety of traps has been used, but the 
pen-type trap used in Montana for trapping goats and in Colorado for 
bighorn sheep, may be the most successful. The main disadvantages of 
this trap are its large size and high cost of construction. The Clover 
trap also has been used successfully. It is collapsible and is automatic, 
but captures only one goat at a time. The light weight of this trap and 
its size make it useful for back-country trapping. Trapping and 
transplants should be made in the summer. 

General management plans should be made for each herd that 
becomes established, considering both quantity and quality in arriv­
ing at the desired harvest. Limited harvest by hunters under a permit 
system could remove surplus adult males during early stages of herd 
build-up with a gradual increase in permits as herd numbers justify 
removal. Productive females should be protected, and this is not 
entirely being done with present regulations. However, there is a 
problem of making the regulations more restrictive and placing an 
undue burden upon the hunter. 

We acknowledge the willing help given on this project by William 
Rutherford, William Jones, and Richard Denney, all research biolo­
gists with the Colorado Game, Fish and Parks Division. 
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DISCUSSION 

MR. DAVID A. ARNOLD (Michigan): Approximately how many permits did you 
issuef 

DR. GILBERT: In 1967, 127 people applied for 18 permits, and 14 goats were 
killed: 77 percent. In 1968, 154 people applied for 19 permits and 15 goats were 
killed in the entire state. So you see, we do restrict the numbers greatly. 

MR. ARNOLD: How much do you charge for permits1 
DR. GILBERT: The permits are only available to residents and they cost $40. 
MR. GEORGE D. DAVIS (New York): Dr. Gilbert, do you find the mounroin goat 

more compatible with domestic sheep in the Alpine Zone than the bighorn f 
DR. GILBERT: The mountain goat is probably less compatible with domestic 

sheep than with the bighorn. There is a possibility of competition between the 
three species, especially during the summer months, but neither the mountain goat 
nor the bighorn sheep is particularly tolerant of domestic sheep at that high 
elevation. 
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PRESCRIBED BURNING FOR WILDLIFE-A PAN·EL 

PRELIMINARY REMARKS 

CHARLES T. CusHw A 

I would like to request that the southeastern section of this panel 
discussion be dedicated to the man who was instrumental in starting 
the prescribed burning program in the Southeast ·back in 1931 when 
he published his book, The Bobwhite Quail: Mr. Herbert L. Stoddard. 

Unfortunately, Mr. Stoddard was unable to be with us today, but 
I'm sure that he is quite pleased to see a discussion such as this 
included in the agenda of our conference. 

It is quite an honor to have been selected to present to this 
distinguished group some information on the use of prescribed 
burning in wildlife habitat management in southeastern United 
States. 

THE STATUS OF PRESCRIBED BURNING FOR 
WILDLIFE MANAGEMENT IN THE SOUTHEAST 

CHARLES T. CusnwA1 

North Central Forest Experiment Station, U. S. Forest Service, 
St. Paul, Minnesota; and 

ROBERT E. MARTIN2 

Virgi'!lia Polytechnic In.�titute, Blacksburg, Virginia 

Our review of the status of prescribed burning for wildlife manage­
ment in the Southeast revealed a lack of information on the specific 
effects of prescribed fire on wildlife habitat and populations. There­
fore we divided the paper into two parts: In the first we have briefly 
described the area and summarized the information available on the 
effects of fire on wildlife. In the second part we have summarized 
some basic information on the technical aspects of fire3 that may 
prove useful to managers and researchers in preparing prescriptions, 
and in understanding why plant and animal responses to fire vary. 

The southeastern United States encompasses a land area of approx­
imately 155 million acres, including the states of Virginia, North 
Carolina, South Carolina, Georgia, and Florida. Of this total, there 
are about 125 million acres of commercial forest land, mostly in 

1Wildlife Biologist 
2Associate Professor, Department of Forestry and Wildlife 
8Williams (1938) and Cushwa (1968) have compiled bibliographies on the effects of fire 

on forest in the United States from the early 1900'8 to 1966 that may be useful to wild· 
life managers and researchers. 
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private ownership. The area is extremely heterogeneous ecologically, 
ranging from the boreal forest in the mountains of North Carolina to 
the sub-tropics in south Florida. In general, however, the area may be 
divided into three major physiographic provinces: the Mountains, the 
Piedmont, and the Coastal Plain. 

MOUNTAINS 

The Mountains, confined to the western parts of Virginia, North 
Carolina, and South Carolina, and to northwest Georgia, can be 
subdivided into two parts: The Blue Ridge and the Ridge and Valley. 

Forest wildlife species common in the Mountains include white­
tailed deer ( Odocoileus virginianus Zimm.), ruffed grouse ( Bonasa 
umbellus L.), black bear ( U rsus americanus Pallas), eastern wild 
turkey (Meleagris gallopavo L.), eastern gray squirrel (Sciurus 
carolinensis Gmelin) and to a lesser extent fox squirrel (Sciurus niger 
L.), bobcat (Lynx rufus Schreber), skunk (M ephitis mephitis Schre­
ber), raccoon (Procyon lotor L.), opposum (Didelphis marsupialis 
L.), red fox (Vulpes fulva Desmarest), and gray fox (Urocyon 
cinereoargenteus Schreber). Numerous passerine species are also 
important in this area, as are raptors, other birdlife, and smaller 
mammals. 

The practice of woodland burning in the Mountains has not been 
widely used; therefore, little is known about its effect on the ecology 
of the area. Mumaw (1965) reported a case study of the effects of a 
prescribed burn on the production of hardwood sprouts in the Ridge 
and Valley area. He found that burning substantially increased the 
quantity and quality of several forage plants utilized by deer. 

The effects of burning on the habitat of other wildlife species 
commonly found in the Mountains is not known. Burning probably 
increases the habitat for deer, grouse, turkey, and songbirds associ­
ated with the early stages of succession that follow burning. However, 
to our lmowleldge there are no studies in progress to determine the 
effects of prescribed burning on wildlife habitat in this province. 

PIEDMONT 

The Piedmont, a strip of land through the center of Virginia, North 
Carolina, South Carolina and Georgia, is located between the Moun­
tains and Coastal Plain. Approximately 90 percent of the land in this 
province was cleared in the early 1800's, and agriculture began with 
cotton and corn as the main row crops. Severe erosion, decreased soil 
fertility, and the disastrous cotton boll weevil, soon made farming 
uneconomical (Czuhai and Cushwa 1968). Accordingly, much of the 
land was abandoned, and a good share of it has since been naturally 
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regenerated or planted to pine. Principal wildlife species found in 
this province are similar to those found in the Mountains, with two 
exceptions: the Piedmont has fewer grouse than the Mountains but a 
much larger population of bobwhite quail (Colinus virginianus L.). 
Nongame wildlife species are similar to those in the Mountains. 

The recurring problem of extensive soil erosion caused by abuse of 
the land, together with concern over the removal of "soil building" 
hardwood leaf material, have been key factors in limiting the use of 
prescribed fire in the Piedmont. Some work has been done on the 
effects of wildfire on vegetation in this area (Barrett and Downs 1943; 
Oosting 1944). Brender and Nelson (1954) found that various pre­
scribed burning treatments did not significantly change the species 
composition of woody vegetation in the southern Piedmont region of 
Georgia, thus supporting Oosting's earlier conclusions. Cushwa et al. 
(1966) and Cushwa and Redd (1967) compared herbaceous vegeta­
tion and seed production 1 and 2 years after burning. They found 
more herbs and seed on burned than on unburned plots, and more seed 
on plots burned during the summer than during the winter. Recently, 
prescribed fire was used to control undesirable hardwoods in pine 
stands of the South Carolina Piedmont (Goebel et al. 1967) and the 
Georgia Piedmont (Brender and Cooper 1968). 

Although these studies were not conducted to determine the specific 
effects of fire on wildlife food plants and habitat, the results do show 
vegetative response to burning. With knowledge of the food and cover 
requirements of many wildlife species, these data may be applied 
directly. 

COASTAL PLAIN 

The third physiographic province, the Coastal Plain, extends from 
the Piedmont to the Atlantic Ocean and is found in all five of the 
southeastern states. Like the Mountains, it is separated into two 
categories: the Upper Coastal Plain, bordering the Piedmont, and the 
Coastal Flatwoods, extending eastward to the Atlantic Ocean and 
westward to the Gulf of Mexico. Common forest wildlife species in 
this province are bobwhite quail, white-tailed deer, turkey, squirrel, 
opossum, skunk, bear, raccoon, and numerous songbirds, raptors, and 
small mammals. 

This province is a disturbance ecosystem, with fire the major 
disturbance. The flora and fauna have evolved in the presence of 
frequent burning and are commonly referred to as "fire species." The 
Coastal Plain and flatwoods have been the focal point of most pre­
scribed ,burning efforts. Even such early naturalists as Bartram 
and Lyell in their travels through the Southeast noted that fire was 
being used intentionally in longleaf pine stands to control understory 
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vegetation, increase cattle forage, ard improve accessibility as early 
as the middle 1800's (Harper, 1962). 

The first important effort to determine the relation between fire and 
wildlife habitat was reported by Stoddard (1931). He showed that 
frequent burning was necessary to maintain an adequate supply of 
food and cover for quail and turkey in the Flatwoods. Since 1931, 
many studies on the effects of burning on bobwhite quail and eastern 
wild turkey habitat have been conducted by the Cooperative Quail 
Study Association and still are underway by the Tall Timbers 
Research Station near Tallahassee, :B.,lorida. 

In the Coastal Plain province, millions of acres of forest land are 
intentionally burned annually for one or more of the following 
reasons : (a) to reduce the wildlife hazard by fuel removal, (b) to 
dispose of slash and prepare seedbeds, ( c) to increase the quantity 
and quality of native cattle forage, and ( d) to improve wildlife 
habitat. Burning for any of these reasons usually accomplishes some 
of the others; for example, all burns are of some value to certain 
species of wildlife and for fuel reduction. 

Despite the large amount of burning done in the Coastal Plain, 
there still exists a gap in our knowledge concerning the use and 
effects of fire. Studies are underway to determine the effect of burning 
on the quantity and quality of native forage plants that are vital to 
our range and wildlife resources (Hilmon and Hughes, 1965). Studies 
in fire physics, forest fuel, meteorology, soils, and ecology are being 
conducted at the Southern Forest Fire Laboratory to help us better 
understand and use this management tool. In addition, studies are in 
progress to determine the effect of heat and moisture produced dur­
ing a fire on the germination of seed from important wildlife and 
range food plants (Martin and Cushwa, 1966). 

SOME TECHNICAL ASPECTS OF FmE 

The information presented thus far on the use and effects of 
prescribed fire on wildlife habitat in the Southeast have resulted from 
studies of plant and animal responses to fire. As users of prescribed 
fire in your mangement programs, you are well aware that many fires 
do not produce the prescribed results. Also you are not able ac­
curately to predict or prescribe the kind of fire that will result in 
the plant and seed responses you want. Because of this, managers and 
researchers have often resorted to the before-and-after approach, to 
determine the effect of burning on wildlife habitat. The how and why 
have been neglected in most cases. To help you better understand how 
and why you frequently get varied effects from fire, Dr. Martin has 
prepared the following technical discussion. 
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The characteristics of the fire that determine the effects on the 
biotic community are: (a) fire temperatures, (b) duration of temper­
ature, and ( c) transfer of heat. These factors are governed primarily 
by (1) fuel size, moisture content, and density; ) (2) fuel arrangement 
(geometry) and (3) wind.4 In understanding prescribed fire we must 
also be concerned with heat transfer within a body and the lethal 
temperature-time relationships of living tissue. 

When we examine more closely the factors that affect a fire, we see 
that the amount and kind of fuel present in a given stand will depend 
on the type of vegetation, the rate of fuel production, and the rate of 
decomposition of these fuels by biological and physical agents. The 
amount of fuel present may vary widely within a stand or be 
relatively uniform, depending on the vegetation. In Coastal Plain 
pine stands with an understory vegetation of herbaceous plants, the 
variation in fuel quantity would probably be small, consisting mainly 
of pine needles and various types of grasses and £orbs. However, in 
Coastal Plain pine stands where palmetto (Serenos repens Bartr. 
Small) and gallberry (llex glabra L. Gray) are the major understory 
vegetation, the variation in fuels would be much greater. 

Combustion of forest fuels is a rapid oxidation process yielding 
large amounts of heat energy and therefore giving high temperatures 
(Byram 1959). This process reduces the amount of material on the 
forest floor and in the different vegetative strata, thus physically 
changing the environment. Chemical changes in the environment also 
occur in the lower strata due to the breakdown of compounds and 
release of other compounds or elements on the forest floor. 

Fuel moisture affects the combustion process and temperatures 
produced. Although some heat is required to evaporate moisture, the 
major effects of fuel moisture on combustion apparently are due to 
dilution of flammable gasses, resulting in reduced burning rate and 
incomplete combuston. Indications are that this moisture may be 
effective as a temperature "buffer" in moist subfuels, tending to hold 
temperatures around 100°0 until drying is nearly complete. 

The combustion of fuel can be considered in three stages (Fig. 1). 
First, the preheating phase in which fuels are heated and dried by the 
advancing flame front. Second, the distillation phase in which de­
structive distillation of the fuels occurs, producing the flammable 
gasses. The flaming that we see is combustion of these gasses, 
producing very high temperatures. The third and final phase of 
combustion is the glowing and gradual consumption of charcoal. 

•For further detail refer to Fons et al. 1960, 1962, 1963; Thomas 1963; Byram et al. 
1966; Rothermal and Anderson 1966. 
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Figure 1.-ldealized sketch of the combustion of forest fuels. 
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Heats of combustion of some forest fuels vary from around 6,600° 

to 9,500 B'l'U's per pound ( 4400 to 5300 cal/ gm). Pitch in coniferous 
fuel has an extremely high heat of combustion, in the neighborhood of 
15,000 BTU's per pound. However, most fuels have a relatively small 
amount of pitch, and even our coniferous fuels generally do not have a 
heat of combustion over about 9,500 BTU's per pound. 

Combustion of the fuels mentioned above is dependent on many 
factors; in general, rate of combustion ( and therefore rate of spread) 
increases as the amount of fuel and wind in the direction of the fire 
increases and decreases as density, size, and moisture content of fuel 
particles increases. These factors interact in a complex manner to 
govern the temperature-time curve at a fixed point in space. 

Forest fire temperature-time curves have been measured by 
Beaufait (1961), Davis and Martin (1960), Martin and Davis (1961), 
Martin (1963), Fahnestock and Hare (1964). In general, these curves 
indicate that fires with lower rates of spread and combustion are 
lower in peak temperature. However, Martin (1963, 1964) and 
Rothermal and Anderson (1966) have shown these variations in peak 
temperatures to be primarily due to heat balance within the sensing 
element (generally a thermocouple), rather than to differences in the 
rate of spread or combustion. 

•Unpublished information from Dr. W. A. Hough, Southern Forest Fires Laboratory. 
U.S.D.A. Forest Service, Macon, Georgia. 
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Given a fire temperature-time curve, the physical effect of fire on 
living tissue will depend on isolation of the tissue from the high 
temperature region. Surface transfer coefficients, as well as thickness 
and thermal properties of the intervening material, will govern 
heating of the sensitive tissue. 

As distance into a heated object from the surface increases, the 
temperature pulse lags further behind the external pulse (Fig. 2). 
Peak temperatures are also decreased, the envelope of decrease 
following an exponential decay curve. Studies of heat transfer into 
woody stems have been conducted by various workers. Martin (1963) 
and Herrington (1964) have conducted both theoretical and experi� 
mental studies of this nature. 

Resistance of living tissue to high temperature injury at various 
depths within a body will determine whether or not the tissue, and 
possibly the organism, will survive. Studies on tolerance of living 
tissue to high temperatures have been conducted by Levitt (1956). He 
presented a formula useful in calculating the length of time a given 
tissue will survive exposure to a given constant temperature. Because 
the heat pulse induced into a body by a forest fire varies with time, it 
is necessary to convert Levitt's semi-logarithmic injury equation to a 
rate equation (Martin 1963) in fire situations. 

Injury curves for Douglas-fir (Pseudotsuga menziesii Mirb. Fran­
co) seedlings (Silen 1960) give a value of 59.44 for the constant "a" 
and 2.291 for constant "b." Using these data the rate equation 
becomes: 

1 

- = e<0
.
433t-25

.
91 > where: t is in °0 and T in minutes. 

T 
Values of 1/T would then represent the possibility of lethal 
exposure to a given temperature. 

Using this formula the cambial temperature-time curve of Figure 2 
may be expanded, as in Figure 3. Area under the expanded curve 
would then indicate whether or not injury should occur. Preliminary 
studies with Cassia nictians L. seed have shown the above relation­
ship to be useful but have not definitely demonstrated its validity. 

Although this relationship has been discussed as though high 
temperature effects are primarily destructive, the rate equation might 
also be used in evaluating beneficial effects. Cushwa et al. (1968) 
recently explored seed scarification by high temperatures. Martin and 
Cushwa (1966) found that fire was effective in scarifying Cassia 
nictitans seed; temperature and moisture produced by the fire in­
creased germination, but only at temperatures above 60°0. 
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Figure 2.-A family of time-temperature curves illustrating the decrease and delay of tem­
perature peaks within a body (from Martin 1964). 
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Figure 3.-Expansion of the time-temperature curve in a summative curve to evaluate poSBi· 
bility of tissue injury (from Martin 1964). 

SUMMARY 

V egetational changes following forest :fires in the southeastern 
United States affect the habitat of all species of wildlife, some 
detrimentally and some beneficially. We as researchers and managers 
must better understand the effects of different kinds of fire on the 
wildlife populations and habitat in all three physiographic provinces 
of the Southeast in order to wisely use this management tool. More 
work is needed to determine the effects of fire on various species of 
plants and animals, and to determine how these effects relate to the 
various fire parameters discussed. 
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BURNING SERAL BRUSH RANGES FOR BIG GAME 

IN NORTHERN IDAHO 

THOMAS A. LEEGE 
Idaho Fish and Game Department, Kamiah 

Normal plant succession is causing a continual decrease in the 
winter food supply for big game in northern Idaho and adjacent 
areas. Cooperative studies between the Idaho Fish and Game Depart­
ment and the U. S. Forest Service were initiated in 1965 to evaluate 
the use of prescribed burning for increasing available browse on 
winter ranges. This paper describes some of the results of the 
prescribed burns and outlines the extent to which this rehabilitation 
technique has been put into practive. 

THE PROBLEM 

Many of the elk ranges in northern Idaho, eastern Washington, and 
western Montana have dense, conifer forests as the climax vegetation. 
These evergreens, primarily western red cedar ( Thuja plicata), grand 
fir (Abies grandis), Douglas-fir (Pseudotsuga menzesii), western 
hemlock (Tsuga heterophylla), and western white pine (Pinus monti­
cola), dominate the areas they occupy and crowd out the shrll!bby 
vegetation which provides forage for elk and deer. When climax 
vegetation occurs over large portions of their winter range, big game 
populations remain small. This was the case before large fires in the 
early 1900's, notably 1910, 1919, and 1934, destroyed literally millions 
of acres of timber. Shrubby species rapidly invaded the burned areas, 
and elk and deer numbers increased accordingly. Browse production 
is now diminishing as conifers become reestablished and crowd out the 
shrubs (Lyon, 1966). In addition, three of the four most abundant 
winter food shrubs, willow (Salix scouleriana), serviceberry (Ame­
lanchier alnifolia), and mountain maple (Acer glabrum) have grown 
too tall to provide much forage. The other, and possibly the most 
important browse plant because of its low-growth form, redstem 
ceanothus ( Ceanothus sanguineus), is vanishing from the shrub 
community, probably because of shading and old age. 

The elk population has been slowly decreasing along with the 
browse (Leege, 1968). Only a remnant of the formerly large mule 
deer herd remains (McCulloch, 1955). A series of easy winters in 
recent years has deferred mass die-offs, and a large elk herd still 
exists. However, it is evident that a substandard ration is being 
obtained even during these mild winters because productivity is low. 
Aerial classification counts and check station records indicate only 20 
to 35 calves per 100 cows in the fall and winter months. Areas of 
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exception are where clear-cut logging has created new winter food 
patches to compensate for that which is being lost to succession. 

Early Range Rehabilitation Studies: 

Herbicides, primarily mixtures of 2,4-D and 2,4,5-T, have been 
used in an attempt to kill back the tall shrubs and promote sprouting 
in the browsing zone (Mueggler, 1966; Lyon and Mueggler, 1968). 
Results have generally been unsatisfactory and the technique is only 
recommended for special situations. 

Cutting down tall shrubs has been attempted with good results, but 
high costs make it prohibitively expensive to use over large areas. 

Prescribed burning was experimentally used as a rehabilitation 
technique on the St. Joe National Forest in northern Idaho in 1961. 
This preliminary study indicated that both spring and fall burning 
were feasible and produced desirable results (Brown, 1966). 

LOCIISA RIVER BURNING STUDIES 

In 1965, the Idaho Fish and Game Department and the U. S. Forest 
Service began a cooperative study to investigate winter range ecology 
and the effects of prescribed burning. The Lochsa River drainage in 
north-central Idaho was chosen as the study area because the vegeta­
tion adequately represents the problem area and because it has good 
access. Most of the drainage was burned one or more times by 
wildfires in the early part of this century. Because of the diversity 
in sites and burning history, plant communities vary from almost pure 
shrub stands to mature conifer forests. Elevation ranges from 1500 to 
2000 feet along the river to 7000 and 8000 feet in the surrounding 
mountains. Slopes are predominantly steep, averaging about 60 
percent. Soils are of granitic origin and porous. Precipitation ranges 
from 20 inches at the lower elevations to 50 inches or more in the 
mountains. Much of the moisture comes during the winter months as 
snow, forcing the big game to lower elevations where they concentrate 
along the major drainages. It is here that food becomes a limiting 
factor and where shrub fields must produce abundant browse to 
support the large herds. Fortunately, many of these areas are on 
national forest land where the importance of the game resource is 
considered when land-use priorities are established. 

PROCEDURES AND RESULTS 

Most of the research has centered around the effects of prescribed 
burning on the important shrub species. Study areas in Sherman and 
Otterslide Creeks were burned in fall, 1965, and spring and fall, 1966. 
Over 500 individual shrubs were tagged and measured before and 
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after treatment. Permanent plots, 2.1 sq. ft. in size were established 
for evaluating changes in ground cover, woody seedlings, and low 
shrubs. Only plants completely top-killed by the fires, and plots 
entirely burned over were remeasured, except for controls. Burning 
techniques and some results have already been reported (Leege, 
1968). 

Ground Cover and Erosion: 

Ground cover was divided into four categories: herbaceous, litter, 
bare ground, and rock. Prescribed burning had little effect on her­
baceous cover but increased bare ground and decreased litter on both 
fall and spring burns. After the third growing season following 
burning, bare ground and litter were not yet back to preburn 
percentages, but the differences were rapidly narrowing. Fall burning 
more completely consumed the litter and exposed bare soil. Because of 
this, and because the soil remained unprotected by vegetation over the 
winter, fall burning caused greater erosion potential. However, ero­
sion has been minimal except in the fl.relines where some gullying has 
occurred. The soil and humus were moist during our burns, in 
contrast to the dry conditions of summer wildfires, thus preventing 
heat penetration and the destruction of soil holding properties. 

Shrub Response: 

All shrub species sprouted after burning, but in varying degrees. 
Willow, mountain maple, serviceberry, and oceanspray (Holodiscus 
discolor) were the most prolific sprouters, producing as many as 120 
sprouts per plant. Less active sprouters were redstem ceanothus, 
bitter cherry ( Pru nus emarginata), cascara ( Rhamnus purshiana) 
and syringa (Philadelhus lewisii). They normally averaged between 
15 and 50 sprouts per plant. Willow put on the most rapid regrowth 
after burning, with individual sprouts as long as ten feet following 
the first growing season, but averaging three to five feet high. The 
other shrub species normally had sprouts between one and three feet 
long. Plants which were burned in the fall almost always had fewer 
sprouts the next year than did spring-burned plants. However, the 
sprouts were enough longer so that about the same quantity of new 
growth was produced. As game do not utilize a sprout completely to 
its base and because the terminal portions of sprouts are more 
nutritious (Blair and Epps, 1967), it is important to have more 
sprouts, even though they may be somewhat shorter. 

As mentioned previously, willow, mountain maple, and serviceberry 
are the three mo�t valuable forage species which normally grow out of 
reach, and burning restores their availability. After three growing 
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seasons following rehabilitation, the maximum height of all three of 
these species is once again above the zone of availability-arbitrarily 
set at 7 feet (Figure 1). However, a high percentage of the browse 
production is still available. The rate of growth appears to be slowing, 
and it is likely that it will be several years yet before crown heights 
approach preburn measurements. In contrast, crown diameters are 
already equal to or greater than before burning for willow and 
mountain maple. 

Changes in Palatability: 

It rapidly became obvious that big game preferred eating the new 
growth on the burned areas rather than on adjacent unburned areas. 
To better evaluate this apparent increase in browse palatability, we 
examined 177 previously tagged shrubs of eight species on the Sher­
man Creek study area and estimated the percentage of the number 
of available twigs which were utilized during the winter browsing 
period. We also measured the diameter where twigs were browsed off 
on three randomly selected twigs on each tagged shrub (Table 1). 
This was done after the first and second winters following burning. 
We could not directly compare the browse palatability on the spring 
and fall burns as they had been treated one growing season apart. The 
area burned in spring, 1966, was browsed the following winter, 
1966-67, whereas the fall burn, 1966, did not have growth available 
for browsing until the winter of 1967 -68. 
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Figure 1.-Changes in maximum shrub crown height and browse availability for three grow­
ing seasons following prescribed burning. Data are combined from the spring and fall burns 
on Otterslide Creek and the spring burn on Sherman Creek. 
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TABLE I. COMPARISON OF BROWSE UTILIZATION DURING THE WINTER 
MONTHS ON BURNED AND UNBURNED AREAS IN THE SHERMAN 

CREEK DRAINAGE 

Number 

Percentage of 
twigs browsed 

Browsing diameter 
(in millimeters) 

Species Burning Date plants 1966-67 1967-68 1966-67 1967-68 

Willow Fall, 1966 7 75,0•• 3.8** 
Spring, 1966 10 93,5•• 84,5•• 4.5** 3,3•• 
Control 11 67. 7 20.5 3. 7 3.0 

Mtn. Maple Fall, 1966 8 48.8** 2.7* 
Spring, 1966 10 65.5** 55,5•• 3.1 ** 2.6* 
Control 10 9.5 2.0 2.5 2.0 

Serviceberry Fall, 1966 7 26.4* 2.7 
Spring, 1966 9 56.1** 35.6** 3.5** 2.7 
Control 10 1.5 2.0 2.5 2.6 

Red.stem Fall, 1966 8 65.6* 3.1 
Spring, 1966 8 91.1 ** 49.4 3.3 3.5 
(;ontrol 10 62.5 30.0 3.4 3.5 

Rlt.t.Ar cherry Fall, 1966 6 14.2 2.1 
Spring, 1966 8 43.8** 3.8 2.0 I. 7 
Control 6 5.7 0.8 2.0 1.5 

Cascara Fall, 1966 2 45.0 4.2 
Spring, 1966 4 70.0 65.0 4.3 3.8 
Control 4 73.8 22.5 4.0 3.9 

Ocean spray Fall, 1966 7 12.1 2.4* 
Spring, 1966 8 23.1 6.9 2.5** 2.1 
Control 7 0.7 o.o 1.4 1.0 

Syringa Fall, 1966 5 20.0• 2.6* 
Spring, 1966 4 36.3* 30.0* 2.3 2.0 
Control 8 1.3 0.6 2.6 1.8 

- No forage present during this browsing period. 
• Different from control at .05 level. 
•• Different from control at .01 level. 

The control data show that winter browsing pressure on the 
Sherman Creek study areas was considerably less in 1967-68, com­
pared to the previous winter. This was due to unusually mild winter 
weather which permitted the game to scatter widely over the winter 
range. 

Both spring and fall burning increased browse palatability signifi­
cantly as all species were browsed heavier on burned areas. Even 
normally unpalatable shrubs like oceanspray, syringa and bitter 
cherry were eaten to a much greater extent after burning. The 
spring-burned area was checked again after the second winter of 
browsing, and all species were still preferred to the unburned shrubs 
on the control area. Therefore, it appears that the palatability 
increase is more than a temporary effect. This is in contrast to results 
from Missouri (Lewis, et al., 1964) and Texas (Lay, 1967) where the 
palatability increase was essentially lost after the first year. 

The increased palatability of burned shrubs was also shown by the 
increase in size of twigs which elk would browse. This was especially 
apparent for willow and mountain maple which still had significantly 
larger browsing diameters after the second winter following burning 
(Table 1). Some of the other species were eaten to larger diameters 
during the first winter, but were not significantly different from the 
control the following winter. 
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Changes in Browse Nutrients: 

In February, 1968, samples were collected from redstem, service­
berry, and ninebark (Physocarpus mal1Jaceous) shrubs on the three 

Sherman Creek study areas and a burned area in nearby Boulder 
Creek. The Boulder Creek area was included because it had only one 
growing season after spring burning and was needed for comparison 
with the one-growing-season fall burn and two-growing-season spring 
burn in Sherman Creek. Three samples of redstem and serviceberry, 
and one sample of ninebark were collected from each of the four 
areas. A sample consisted of the terminal two inches of annual growth 
from at least one hundred twigs picked at random. The analysis of 
variance and Duncan's multiple range test (Steel and T'orrie, 1960: 
112-114) were used to evaluate the differences that occurred between
the treatment areas and the control (Table 2).

Protein was consistently higher on the burned areas than the 
control. However, the only difference great enough to be significant 
was on the spring-1966 burn where serviceberry twig growth was 26 
percent higher in protein than the control. 

Crude fiber was significantly higher on two burn areas for service­
berry. On the fall-1966 burn, crude fiber was 23 percent higher than 
the control while on the spring-1967 burn it was 24 percent higher. 

Nitrogen-free extract was usually slightly lower on burned areas 
and significantly so in three cases where the decreases averaged 
between 6 and 8 percent. 

Ash was somewhat higher on the burned areas, but the differences 
were not significant. 

The phosphorus content of ninebark increased about 40 percent 
after burning; however, the other two species showed no important 
changes. 

The spring-1966 burn was the only area where two growing seasons 
had occurred since treatment. In almost all cases, the changes in 
nutrient quantities on this area were equivalent to the other burn 
areas which had only one growing season. This would indicate that 
nutrient changes brought about by spring burning would last for at 
least two winter browsing seasons. 

Lay (1957), in Texas, concluded that burning at any season in­
creased protein and phosphoric acid content of browse, but that most 
of the benefits disappeared within a year or two. The increase in 
browse protein was still evident two years after a high-intensity burn 
in Maryland (DeWitt and Derby, 1955); whereas the increase was 
only significant for one year on a low-intensity burn. 

Einarsen (1946) also found higher protein values for browse on 
areas recently burned. He reported that browse protein decreased as 



TABLE 2. NUTRIENT ANALYSIS OF TERMINAL TWO INCHES OF ANNUAL GROWTH ON A CONTROL , 
A FALLBURN , AND TWO SPRINGBURN AREAS.'•' 

Crude 
Nitrogen-

free 
Species Area and Treatment date Protein Fat Fiber Extract Ash 

Redstem Ceanothus 
Sherman Cr., Control 1 9.20 1.97 24.64 60.21 3.97 
Sherman Cr., Fall 1966 9.47 1.29 24. 78 60.46 3.99 
Sherman Cr., Spring 1966 9.94 2.56 26.63 56 .86* 3.99 
Boulder Cr., Spring 1967 9.43 2.28 25. 79 58.17 4.32 
Service berry 
Sherman Cr., Control 

1 
8.07 4.07 20. 76 62. 74 4.34 

Sherman Cr., Fall 1966 9.90 2.45 25.45* 57.57* 4.62 
Sherman Cr., Spring 1966 10.18* 2.82 21.45 60.84 4.68 
Boulder Cr., Spring 1967 9.26 2.44 25. 77* 57.85* 4.66 
Ninebark• 
Sherman Cr., Control 6.93 2.39 25.88 61.55 3.25 
Sherman Cr., Fall 1966 9.04 2.91 25.96 57.81 4.28 
Sherman Cr., Spring 1966 7.88 2.23 25.39 60.06 4.44 
Boulder Cr., Spring 1967 7.40 1.29 30.98 55.88 4.45 

' All measurements in per cent of total dry weight. 
'Samples collected in February , 1968. 
1 Only one sample of ninebark was collected from each treatment area, so means were not statistically analysed. 
1 Only two samples, instead of three , are included in these averages. 
• Different from control at .05 level. 

Calcium Phosphorus 

1.28 0.32 
1.23 0.19 
1.29 0.28 
1.40 0.29 

1.28 0.29 
1.26 0.23 
1.36 0.30 
1.31 0.20 
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succession advanced toward canopy closure in the coastal range of 
Oregon. 

Woody Seedlings: 

Numerous woody seedlings, primarily redstem and bitter cherry, 
appeared on our study areas after they were burned. Redstem is the 
species of primary interest because of its high value as winter forage, 
and because its numbers have declined in many of the older brush­
fields. Fall burning stimulated approximately 242,000 redstem seeds 
per acre to germinate the following spring (Hickey and Leege, 1969). 
Spring burning produced about 60,000 redstem seedlings per acre, 
most of which came the following spring also. Redstem seed normally 
lays dormant in the soil for many years as it takes heat or abrasion to 
make the seed coat permeable to water so that it can complete its 
development and germinate ( Glazebrook, 1941). Apparently, the heat 
from fall burns penetrated the soils deeper and stimulated a greater 
seed response. It may also be that the fall fires more closely approx­
imated the summer wildfires for which redstem has adapted-in 
terms of providing heat just before a period of cold weather when the 
seed can complete its development. The hot summer months after 
spring burns may upset this ripening and stratifying schedule to 
some extent. At any rate, both spring and fall burns produced 
adequate seedlings to restock the areas. Thereafter, seedling survival 
is the factor which determines the density of redstem plants in a 
maturing brushfield. 

STATUS OF PRESCRIBED BURNING PROGRAM 

Forest Service administrators have recognized for some time that 
the seral brush ranges supporting our large elk herds needed to be 

rejuvenated. But the techniques for manipulating large quantities of 
habitat on a limited budget were not available. The advent of 
prescribed burning, especially spring burning, has reduced the cost to 
where now it is feasible to treat the large acreages necessary. On three 
national forests in northern Idaho which burned almost four thousand 
acres last spring, 1968, the average cost was $.71 per acre (Foulger, 
1968). Burning costs are steadily decreasing as more experience is 
gained. 

The prescribed burning for wildlife program is still in its infancy. 
But confidence is growing with experience and steady progress is 
being made. The first large burns to rejuvenate ranges were made in 
1965 when 1016 acres were treated in northern Idaho and adjacent 
areas in Washington and Montana. Since then, 2276 acres were 
burned in 1966, 2495 acres in 1967, and 4652 acres in 1968. The goal is 



CONTROLLED BURNING IN THE NORTHERN ROCKIES 437 

set for 7700 acres in 1969 (Foulger, 1968). Much remains to be done 
as acreages in need of rehabilitation are numbered in the hundreds of 
thousands. But, with continued interest in improving winter ranges 
by our public land managers, this region should have large big game 
herds for years to come. 

SUMMARY 

Large wildfires in the early 1900's created thousands of acres of 
browse-laden winter ranges where conifers formerly dominated in 
northern Idaho and adjacent areas in Montana and Washington. Big 
game multiplied and thrived until natural plant succession reduced 
carrying capacity. A cooperative state-federal research project began 
investigating the use of prescribed burning to set back succession on 
winter ranges in 1965. Initial results were encouraging as tall shrubs 
provided abundant sprouts within browsing reach and numerous 
redstem ceanothus seedlings invaded the burns. Browse nutrients 
were higher in the new growth which followed the burning treatments 
and palatability also increased. Erosion has been minimal because of 
the soil being moist when burning was done. The use of prescribed 
burning as a range rehabilitation technique is being accepted, and 
burned acreages have increased from 1016 in 1965 to 4652 in 1968. 
The goal is 7700 acres for 1969. 
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PRESCRIBED BURNING FOR WILDLIFE 
IN CALIFORNIA BRUSHLANDS 

HAROLD H. BrsWELL 
School of Forestry and Conservation, University of California, Berkeley 

Prescribed burning, also known as control burning, is the judicious 
use of fire for a constructive purpose and according to a management 
plan. Its objective is to employ fire scientifically for maximum net 
benefits at minimum damage and acceptable cost. In selected places 
and under proper management and control, prescribed burning can be 
a useful tool in the manipulation of brushlands for wildlife. 

Decisions about prescribed burning will vary from place to place 
because California's brushlands vary greatly in plant species com­
position, kind of soil and steepness of slope, availability of water, 
wildfire danger, surrounding vegetation types, and related uses. They 
also vary from semi-open groves of oaks and woodland-grass chapar­
ral growing on ro11ing foothills to dense stands of brush cove]\'ing 
steep mountain slopes. Some shrubs put out crown sprouts after fire; 
others reproduce only from seed. Some areas have been in brush for as 
long as records have been kept. In other places brush has been the 
invader, and has become so thick that the carrying capacity for 
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wildlife has declined (Biswell, 1957). Such variability requires that a 
prescription be prepared for each area to be burned. In addition to 
providing an improved wildlife habitat, each prescribed treatment 
may result in associated benefits. These include improvement of 
grazing for livestock, more effective and less costly wildfire control, 
increased water yields, reduction of soil erosion and sedimentation of 
streams and reservoirs, and improved access for hunting and recrea­
tion. 

In 1945 the State Legislature authorized the California Division of 
Forestry to issue control-burning permits for purposes of brush-range 
improvement. Since that time more than 2.3 million acres of private 
]ands have been burned under permit. In addition, some burning has 
been done outside of the fire season when permits were not necessary. 
The U.S. Forest Service and the Bureau of Land Management have 
also done considerable prescribed burning on the lands under their 
jurisdiction. 

Some of the prescribed burning under permit has been done 
exclusively for wildlife, mainly in chamise chaparral, but the majori­
ty has been done by ranchers to improve grazing for livestock. When 

burning is done to improve forage for livestock, however, conditions 
for wildlife are usuaUy improved also. Furthermore, brushlands are 
often converted to grasslands by fire and other treatments intended to 
reduce wildfire hazards and to make wildfire fighting more effective 
and safer, thus improving conditions for wildlife. 

Much research on prescribed burning has been done since 1945 by 
the California Division of Forestry and other interested agencies, 
including the University of California, the Pacific Southwest Forest 
and Range Experiment Station, and the California Department of 
Fish and Game. The National Park Service recently initiated research 
in the use of fire to re-establish and maintain natural landscapes, 
recognizing that fire has always been an 'important ecological factor in 
the mountain areas. Results of research on manipulating vegetation 
with fire have been widely published. Perhaps the best single source 
of information is the Proceedings of the Tall Timbers Fire Ecology 
Conference held at Hobergs, California, in 1967.1 

For 12 years the University of California at Berkeley and the 
California Department of Fish and Game conducted cooperative 
studies on "The effects of brush removal on game ranges in Califor­
nia" (projects California 31-R and 51-R) with funds provided by the 
Federal Aid in Wildlife Restoration Act. The use of fire in chamise 
chaparrel in the north coast region, in Lake County, about 100 miles 

•This publication is available free by writing to Mr. E. V. Komarek, Tall Timber.s Re· 
search Station, JU. 1, Box 110, Tallahassee, Florida 32301-
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northeast of San Francisco, was studied for six years and for another 
six years in woodland and woodland-grass chaparral on the San 
Joaquin deer winter range on the west side of the Sierra Nevada east 
of Fresno, at elevations of 2,000 to 5,000 feet. 

STUDIES OF PRESCRIBED BURNING IN CHAMISE CHAPARRAL 

In general, two cover types comprise this brushland-one in which 
chamise (Adenostema fasciciilatum) predominates on the south­
facing slopes, the other a mixture of tall shrubs and small trees on 
north-facing slopes. The intermixture of types is especially favorable 
for deer, and there is sufficient water in the ravines. In addition to 
chamise, other abundant shrubs include wedgeleaf ceanothus (Ce­
anothus cuneatus), deer brush (C. integerrimus), western mountain 
mahogany (Cecocarpus betuloides), chaparral pea (Pickeringia mon­
tana), Eastwood manzanita (Arctostaphylos glandulosa), interior 
liveoak ( Quercus wislizenii), yerba santa (Eridictyon califoricum), 
and others. For the most part, chamise chaparral is dense and there 
may be little or no herbaceous vegetation in the understory. 

Like all wildlife, deer have certain environmental requirements for 
optimum production . .Among these are year-long palatable, nutritious 
forage, cover for escape and perhaps resting, and drinking water. The 
absence of any one of these factors may make an area largely, or 
entirely unsuitable for deer. With these requirements in mind, studies 
were made of deer populations in three areas of chamise: (1) opened 

brushland consisting of small burned patches here and there, seeded 
to suitable herbaceous species for winter and early spring forage; (2) 
heavy, unburned brush that served as a control; and (3) an area 
burned by wildfire so intense that no unburned patches remained to 
serve as cover. Each area covered about 1,000 acres. These cover 
conditions will be referred to as opened brush, heavy unburned 
brush, and wildfire burn. The deer in the general area of the 
treatments are resident rather than migratory, but they do make 
short seasonal movements. Counts of deer in opened brush gave a 
summer population density of about 98 per square mile after the 
initial ·brush-manipulation treatment. This figure rose to 131 the 
second year, and then dropped to about 84 in the fifth and sixth 
years, at which point the population presumably stabilized. Measure­
ments in the heavy, untreated brush gave a summer density of only 30 
deer per square mile. In the summer following the wildfire burn in 
dense brush, the deer had increased to 120 per square mile. Some of 
this increase was due to influx from the areas immediately surround­
ing the burn . .As the wildfire burn area grew older, the population 
fell to 106 the second year, 52 the third, and 44 the fourth. Eventually 



CONTROLLED BURNING IN THE NORTHERN ROCKIES 441 

it will reach the same status as in the heavy, untreated brush­
probably in 12 to 15 years. In opened brush, fawn production was 
about 145 fawns to 100 does; in heavy brush, 71 to 100; and in the 
wildfire burn, 115 to 100. (Biswell et ai., 1952; Taber and Dasmann, 
1958). 

It was noted that opened brush and wildfire burns offered summer 
diets of higher quality than did the heavy, untreated brush. The deer 
weights reflected essentially this same relationship, those in the 
wildfire burn being highest in animals on the wildfire burn and lowest 
in those on the dense brush. The difference between the extremes was 
about 13 pounds. 

Peak weights for bucks in the opened brush and the wildfire burn 
were reached in July. From that point weights declined. Bucks in 
dense brush retained their fall condition better than did bucks on 
other ranges, probably because the acorn supply was greater. The 
advantage conferred by the acorn crop is short-lived, however. From 
an October high of 9 pounds above average, the buck weights fell 
rapidly to a February low of 39 pounds below average. Weights of the 
animals on the wildfire burn dropped low in February, too, probably 
because of a shortage of grasses and forbs. The bucks from opened 
brush with nutritious grasses and forbs maintained their conditions 
well through the winter. 

In the light of these results, the general objective in management 
apparently should be to reduce the brush cover in spots and introduce 
palatable, herbaceous species for use in winter and early spring. 

Manipulation can completely replace brush by grasses in spots, or 
it can thin the shrubs in spots to make room for grasses to grow also. 
In the first case, browse is provided along the edges of openings, and 
grasses and forbs are abundant for winter and spring use. In the 
second case, browse comes from the scattered shrubs in the openings 
as well as from the edges. The latter solution should provide a greater 
total quantity of browse than the first method. The principal advan­
tage of the first method is that growth of the grasses in the open spots 
is dense thus providing more complete cover and protection for the 
soil. 

Opening dense chamise brushland results in a desirable intersper­
sion of food and cover. Once chamise brushlands are properly opened 
and the growth of herbaceous species is encouraged, good management 
should keep them productive over a long period of time with a 
minimum of further disturbance. 

Converting spots of mixed-chamise brush to grass is usually done 
where the slope is less than 40 percent. The brush may be mashed 
with a bulldozer and burned. The area is then reseeded to suitable 
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grasses, and later sprayed and resprayed with herbicides to obtain 
complete conversion. Fertilizers may be necessary to maintain grassy 
spots once they are established. Another technique is to reseed and 
spray spots on wildfire burns to create openings. This has been done 
frequently in the past few years, not so much for wildlife but to make 
wildfire control easier, cheaper, and safer for fire fighters. 

A second technique for creating openings is to surround an area 
with fire-breaks and then burn the standing brush under conditions in 
which the fire spread is not complete. This leaves unburned spots. 
Reseeding follows the burning. In this technique about 27 percent of 
the mature chamise plants are killed by the fire, and the reseeded 
grasses thin the seedlings so that the eventual mature brush stand is 
not so thick as it would have been without the reseeding. For wildlife, 
this solution is good, but from the standpoint of an eventual water­
shed cover it may be bad. 

Still another technique is to strip burn in early spring in suitaible 
places, without firebreaks and without reseeding. Volunteer herbs will 
appear, but the brush stand will be thicker, and perhaps furnish a 
better watershed cover later on, than if it had not been burned and 
reseeded. This method needs further investigation as a means of 
rejuvenating brushlands and keeping down wildfire hazards as well as 
improving conditions for wildlife. 

STUDIES OF PRESCRIBED BURNING IN WOODLAND 

AND WOODLAND-GRASS CHAPARRAL 

The topography of the San Joaquin deer winter range is rough and 
rocky, but there are gently sloping benches and ridgetops. About 20 
percent of the area has slopes of less than 40 percent or is rock free 
where bulldozers could be used without difficulty. Ponderosa pine 
grows on the upper side of the winter range, and presents an extreme 
fire hazard from debris accumulation. 

The principal shrubs on the deer winter range are western moun­
tain mahogany, flannel bush (Fremontia californica), redberry (Rham­
nus etrocea var. ilicif olia), interior liveoak, mariposa manzanita 
( A.'rctostaphylos mariposa), Yerba santa, wedgeleaf ceanothus, white­
thorn chaparral ( C eanothus leucodermis), and cherry (Prunus sub­
cordata). The brush stand was old and decadent, and produced 
only 13 to 106 pounds of browse per acre yearly ( Gibbens and 
Schultz, 1963). After fall and early spring burns, browse increased to 
750 to 2,750 pounds per acre. Late spring burning was less effective, 
and the increase in browse was not so great. When burned areas were 
reseeded, the grass production increased from a low of 400 up to 1,500 
pounds. 
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Woodland and woodland-grass chaparral does not burn as readily 
as chamise. The procedure in manipulation was to mash the brush 
with a bulldozer, dry it for about six months, and burn it under 
weather and moisture conditions that would lessen the danger of fire 
escaping into the area of ponderosa pine above. Fire was set on some 
areas in the fall, after rains had started, and on others in the early 
spring. Both fall and early spring burning proved effective in getting 
large numbers of wedgeleaf ceanothus and whitethorn chaparral 
seedlings, two of the more valuable browse species. Fire is essential in 
bringing about good seed germination of these two nonsprouting 
species. 

After burning, the area was reseeded to suitable perennial and 
annual grasses. These were heavily utilized by deer in spring and by 
cattle during the summer. There was some question about the wisdom 
of reseeding because the grasses choked out so many of the seedlings 
of nonsprouting shrubs. 

Even though fall and early spring burning and reseeding greatly 
increased the browse and forage for deer, utilization each year was 
heavy-up to 80 percent-and there was no measurable effect on deer 
productivity. Only about 20 percent of the terrain was smooth enough 
to be covered by a bulldozer, and only that much of the brushland was 
manipulated. The deer concentrated on that portion. If fire alone had 
been used as a manipulation tool, it would have been possible to 
manage areas inaccessible to bulldozers-the other 80 percent of the 
deer winter range. New sprouts and seedlings on a number of wildfire 
burns in the general area attest to the effectiveness of fire alone in 
stimulating greater production of browse. 

DISCUSSION 

Fire is an effective tool in manipulating brushlands to increase 
browse and improve cover conditions for wildlife. For some of the 
nonsprouting species, such as wedgeleaf ceanothus and whitethorn 
chaparral, fire is essential to crack the hard seedcoats so that the seeds 
can absorb water and germinate. However, for some of the sprouting 
species, such as western mountain mahogany, sprouts follow mashing 
with a bulldozer, and fire is not essential. 

Fire is essential for nonsprouting species. On the other hand, if a 
second fire occurs before the new plants produce seed, the stand of 
brush may be destroyed completely. Therefore, the protection of new 
stands of brush against fire is just as important in the management of 
brushlands for wildlife as using fire in the first place to get new 
seedlings. 

When the carrying capacity of brushlands has been increased by 
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prescribed burning, it becomes doubly important to control deer 
populations (Jordan, 1967). Large numbers of deer on heavily util­
ized slopes trample and stir the soil in wet weather, thus leading to 
accelerated erosion. Furthermore, deer numbers should be regulated 
to permit the nonsprouting species to grow up and produce seed 
within a reasonable period of time-possibly 15 years. A portion of 
the San Joaquin deer winter range was burned by a wildfire in 1939. 
An excellent stand of nonsprouting species followed the fire, but 
because of heavy utilization, very few if any seeds have been 
produced since that time. Erosion has been rather severe on the steep 
slope, indicating that the range has been overutilized. 
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PANEL DISCUSSION 

MR. JOSEPH F. PECHANEC (Utah): In very recent years, in connection with 
prescribed burning, we have had a new parameter come in-air pollution. I'll ask 
two questions and the panel can try and answer them. 

To what extent has air pollution been considered in prescribed burning in these 
areas and if it has been considered, what is being done about about getting 
answers so we may be permitted to use prescribd burning in the face of standards 
that are being seU 

MR. BISWELL: This has been quite a problem in California, and quite detailed 
studies were made of the contribution of prescribed burning to the smog problem. 
In the five county areas around San Francisco records were made of all types of 
burning, agricultural burning, prescribed burning of brushlands, and the burning 
of trimmings from crop trees, orchard trees and so forth. This study showed that 
all this burning contributed only one day of the total amount of smog in this 
area compared to 364 days of the smog problem. 

MR. MACGREGOR: In California we have had a real problem with air pollution 
due to not just prescribed burning, but to an increased use by agricultural burn­
ers. We have agreed voluntarily not to burn when an inversion exists. We are 
getting forecast data from the Weather Bureau on impending inversions, and 
generally agriculturists in our state do not burn when we have this inversion. 

MR. E. V. KOMAREK (Florida): For some unknown reason, there has been con­
siderable concern in the last year or two about air pollution by prescribed burn­
ing and I have yet to hear anybody say anything about it in connection with 
slash burning. On a clear-cut tract of land when you burn the slash, you put a 
lot more smoke in the air than you'll ever put in with prescribed burning. 

MR. CRAWFORD: Could we get some rough cost comparison on controlled burn­
ing between the different regions f 

MR. LEEGE: We're talking primarily about spring burning because in the north­
ern Rockies prescribed burning of land for wildlife is all done in the spring be-
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cause there is less danger of it spreading, primarily, and it seems to work best 
at that time. Prescribed burning of 4000 acres last year cost 71 cents per acre. 
You'll have to ask what that 71 cents includes, but that's the figure I received. 
Prescribed burning in the fall costs considerably higher because it involves build­
ing a fire line. 

DR. CUSHWA: In the Piedmont area the cost is somewhere around a dollar an 
acre, but it depends on the size of the area and the amount of protection needed. 
In the Southeast in general, in 1964, the cost was about six cents an acre on 
some refuges. 

MR. BIS WELL: In some larger areas it might be 40 cents an acre or at least 
less than one dollar. We bulldozed one area to get it in a burnable condition. 
This cost $15 an acre. We then reseeded this area which costs more than $2 an 
acre and then, if we spray, it means additional cost; so that the total might be 
up to $20 per acre. 

MR. KOMAREK: This has come up for the last 30 years. Much of the cost can 
be attributed to slash burning and not the use of controlled burning. Also, the 
cost depends upon the size of the acreage and the kind of vegetation. I recently 
returned from Augusta, Georgia and they were burning 30 thousand acres in an 
afternoon by airplane. This was done for three to four cents an acre on our game 
lands in the Southeast. 

MR. PERKINS (International Paper Company): What it costs International 
Paper Company to burn depends entirely on whether or not the area to be 
burned is within cost. Generally, anyone is afraid to burn if they don't know 
what they are doing. We burned 17 thousand acres for three or four cents an 
acre. Now, this is strictly a matter of knowing what you are doing. If you're 
afraid of the first, you go out with four times as much man power as you need. 

MR. DALE JONES (New Mexico) : Do you feel it is advantageous to wildlife to 
maintain openings or would it be better to allow it to come back naturallyf 

MR. BISWELL: We plan to manipulate up to say 85 percent of the land and 
keep it in different stages of return. This is where we are not converting com­
pletely to grass; if it is properly managed, this shrubbery will last, and so the 
treatment doesn't have to be done again. 

MR. JONES: From yom own findings how do you feel it relates to wildlife to 
create grass areas 1

MR. BISWELL: This is a type of conservation. Burning will produce grass and 
will make some of the shrubbery to be reinstated come back healthier. 

MR. McGREGOR: Mr. Biswell pointed out that a real part of this has been the 
control of animals. It has been shown over a long period of time that continued 
use by deer and by domestic livestock converts an area from a shrub land whieh 
is not too productive into a browsing shrub land, and eventually into nothing. 
Certainly from a deer's standpoint this greatly reduces the original production. 

MR. C. J. PERKINS: This is not so much in the form of a question as it is in 
the form of a statement. 

These papers deal with research to find out what areas are capable of support­
ing wildlife. Now, in doing this we must look at the future and say what is 
expected from forestry. 

I can show you a 21-year old plantation that was planted on a field that was 
relatively sterile of browse species at the time. We burned this field and then 
replanted. After that it came alive with deer browse and turkey and quail food. 

Now, my question is has anybody else. had the guts to go in and burn, and 
what were your results f 

MR. BISWELL: We have been doing a little burning in California. We have tre­
mendous fire hazards and wilfires which are big problems to land management 
in California. 

The browse species developed because of fire. If we take fire away, we have 
all kinds of problems. By using fire after cutting, we then have a rotation cycle 
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which increases the browse. In one area we are studying a program of burning 
and, as Mr. Perkins mentioned, the browse and vegetation increased after burn­
ing and deer love to browse on these areas. So wildlife C3Jl be increased in these 
areas from prescribed burning and the big benefit is in reducing wildlife hazards. 

MR. FRANK BARICK (North Carolina): I manage an area and we annually burn 
from 10 to 15 thousand acres, roughly at a cost of between 25 and 50 cents per 
acre. 

MR. GoLDWIN (New York State): As far as I have understood from what has 
been said, this burning has all been on private land. Has any burning been done 
on state or national forests or parksT 

DR. CUSHWA: I'm not sure how much land is actually burned in the Southeast 
by the U.S. Forest Service each year, but they do have a very active program. 
I know they have prescribed burning being used in management on the refugee. 
Much of the burning is on private property rather than on state or federal lands. 

MR. BISWELL: The National Park Service has started prescribed burning this 
past year in California. At this time I think they have burned a little over 1000 
acres. They are trying to restore fire to these parks as a part of the park ecology, 

MR. GENE OREN (Department of the Army) : We burn about a quarter of a 
million acres of pine land in the South each year and we're starting to get some 
bad reactions from the standpoint of air pollution. Even now we're reconsidering 
what we might do with machinery in case reaction reaches a point where we have 
to cut down our burning. 

Just recently an ordinance came to us from one of the local towns saying that 
we can't burn at any time. 

MR. MACGREGOR: Unless you burn so it does not offend the general public, that 
is what you are going to be faced with. If you burned at night, you don't have 
that inversion and the general public isn't aware that the burning is going on. 

MR. OREN: We have done some work with air pollution in relation to burning 
so that when we meet with groups that are setting standards, either at county 
or state levels, we have some rather definite proof to show that we can burn at 
times when it would not contribute to air pollution and that it would be harmful 
to nature if we don't burn. 

DR. CUSHWA: Mr. Pechanec, could you expand a little more on the work at 
Riverside and Missoula where we have active programs along this line in progress 
in the Forest Service 1

MR. PECHANEC: We have some programs under way, but these are related to 
slash burning. Nowhere is there the adequate coverage that is needed. I don't 
know if there is anything at the southeastern laboratories, but where I am, they 
are doing some work on air pollution,, particularly in studying the atmospheric 
conditions where you get dispersion of the smoke rather than a settling down. 
We're doing this in the Rocky Mountains. As to some of the other applications 
that you have discussed, I know of very little work where we have brought air 
pollution people into our research program. 

MR. BYELICH: During our discussions here, there were statements about sprays. 
I'm assuming you mean herbicides. Just what is the effect of a herbicide spray 
on a plant communityf 

MR, BrsWELL: Well, in range management if deer browse closely, there is 
always the tendency for invaders to increase and for the better species to de­
crease. Herbicide sprays are useful in keeping down unwanted species. They C3Jl 
be carried too far in getting rid of too much shrub cover and creating too much 
grassland without enough browse. We have to weigh very careful in dealing with 
wildlife just how much herbicides should be used. 
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ELVIS J. STAHR 

I shall not say very much all afternoon; but, on the other hand, I 
would like to say that I am delighted and honored to have been asked 
to chair this general session of this great Conference. I suppose that 
the reason that Alan Simpson was asked to chair the opening session 
and I to chair the closing session is because there is a prevailing 
sentiment in our society that anybody who can preside over a college 
or university these days can preside over anything. 

Dr. Gabrielson and Pink Gutermuth are two of the giants in our 
field, and any time they ask me to do anything I am glad to do it. If 
they had not asked me to do this particular thing, I would have 
applied for it because we do have a truly distinguished and exciting 
panel to present to you this afternoon, and I consider it a privilege to 
be on the same platform with them. 

This business, for example, of having the president of the National 
Audubon Society preside at a session of the North American Wildlife 
and Natural Resources Conference, I think, is additional evidence that 
our conservation movement is not only increasingly evangelical but 
increasingly ecumenical. This is a step in the right direction. 

Perhaps some of you will remember what Emerson said some 
hundred years ago: "It staggers the imagination to contemplate how 
much more could be accomplished in this world if nobody cared who 
got the credit." I commend that to all of our organizations. Let's 
work together and share the credit, and sometimes the blame, for all 
that any of us are able to accomplish. 

449 
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POPULATION, RESOURCES, AN1D THE GREAT 
COMPLEXITY1

DURWARD L. ALLEN 

Department of Forestry and Conservation, Purdue University, Lafayette, Indiana 

Over the past quarter-century, an increasing body of scientific 
leadership has been concerned with the accelerating increase of world 
population. Since the early forties it is evident that major ad­
vances in the control of infant mortality and epidemic disease (see 
Newman, 1965) , as well as aid to areas of food shortage, have reduced 
death rates in many tropical countries by about half. Humanity as a 
whole is in a logarithmic phase of the population curve. The 3.5 
billion people now inhabiting this globe are on the way to doubling by 
the end of the century. Unless strenuous counter measures are taken, 
in the United States our 200 million citizens will be more than 300 
million in the same period. 

In 1968 approximately 70 million people were added to this earthly 
habitat. The rate of addition is increasing, and it is reasonably certain 
that there will be a billion more people to support in another decade. 
It is a looming threat that already more than half the world's people 
are underfed, and there is literally nothing to spare for those up­
coming millions. A great volume of recent literature has treated the 
subjects of world food supply and population. Notable summaries are 
Borgstrom's book, The Hungry Planet, (1965), the President's Sci­
ence Advisory Committee report, The World Food Problem, (1967), 
and Famine 19'75 by William and Paul Paddock (1967). 

Although food production technology has made important recent 
gains and food scientists are making every effort to rescue mankind 
from major disaster, there appear to be few authorities who expect 
such efforts to overtake the irruption of human numbers. There is, 
instead, a growing concensus that the chance of avoiding a demo­
graphic reckoning in the so-called "developing" countries is small, and 
within twenty years hundreds of millions will be faced with a debacle 
of starvation and its associated ills. 

This is the context in which we must consider our policies and 
programs in North America. Many have pointed out that we are 
inextricably entangled in affairs of the world, and that the amplified 
scale of human misfortune is our doing-through acts of beneficence 
to nations who could not control their birth rates, especially without 
the help we were unwilling to give. 

We are deeply involved at present in food shipments to the needy, 

1Journal paper number 3650 of the Purdue Agricultural Experiment Station. 
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and technology is being exported at an increasing rate. Fortunately, 
there is growing appreciation that population limitation is essential 
and inevitable in this nation and elsewhere. The United Nations has 
finally become active in the field, and commendable progress has been 
made in our own Congress and in the Executive Branch of the gov­
ernment. This is in contrast to the apathy that long-blocked action 
while the problem grew to proportions that could not be denied. 

It is still a fact of life that our leadership is not in depth. It is a 
leadership of informed and concerned individuals, diluted by the 
attitudes of the many who, with an ear to the political ground, do not 
yet hear the tramp of approaching millions. As this situation chan­
ges, we may expect to see greater appropriations for bio-medical and 
social studies of population control. There will be demographic aid to 
other nations on a scale demanded by the world crisis. Intimately 
involved with these approaches must be further enlightened consider­
ation of the environmental problems that appear on every side. 

BIOLOGICAL ANALOGIES 

Although some sociologists and economists will not agree, I postu­
late that the problems of human welfare are biological, behavioral, 
and economic-in that order. There are no interfaces where one leaves 
off and another begins. The whole gamut of conditions and variables is 
something new in the way of an ecological complex. Understanding 
and solutions require the detailed knowledge of specialists and also 
the broad appraisal of the generalist. Such a generalist usually is 
a biologist who has extended his interests into the problems of human 
society enough to communicate with the specialists. The time is not 
far ahead when generalists will be appointed to high government 
commissions and committees. 

My present purpose is to suggest relationships that can help 
understand the nature of the vast array of issues and problems that 
plague mankind increasingly with each passing year. It may be that 
we do not fully grasp what is happening to us and that a reexamina­
tion of primordial adjustments will be profitable. It can be assumed 
that long before the human line became human there were millions 
of years of evolution in which the ancestral stock oc,cupied its func­
tional niche in the ecosystems in which it was found. Probably we pay 
penalties when the primitive inner man is outraged too far, and there 
could well be clues to rights and wrongs in the social and habitat 
adaptations of common animals. A few of these characteristics are so 
nearly universal they are worth reviewing. 

In our latitude, the young of most species are born in spring and 
summer, and they develop to a "subadult" stage in late summer and 
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fall. These adolescents commonly wander widely in a "fall shuffle," 
evidently seeking a place to live. The farther such individuals move in 
strange country, the higher their mortality rate. They are at every 
kind of disadvantage, including the need to invade desirable space 
already occupied by their own kind. 

When the wanderer finds a location where food, cover and other 
requisites are in useful combination, it settles down into a ''home 
range." This is a unit of habitat where the animal becomes familiar 
with the terrain, develops its routes of travel, knows the location of 
every necessity, and is best able to escape from enemies. Seasonally, at 
least, it does not leave the security of its home range. Here it has 
relationships of tolerance with other individuals of the same species 
whose ranges overlap. A high-quality home range is a small one, where 
daily needs can be fulfilled with a minimum of movement. Both 
economic security and behavioral ease are found by the animal in its 
own familiar surroundings. Residents tend to display antagonistic 
behavior toward strangers. 

Let us now consider a human analogy-the resident of a small town 
in rural America, perhaps in the more simple times of 40 years ago. 
Obviously, this selection of a scene is for the purpose of drawing 
useful contrasts and parallels. The person in question has a high 
degree of self-sufficiency. He has a garden and a cellar stocked with 
food. He has a well, his own outdoor plumbing, and his supply of fuel 
for heat and lighting. He disposes of his own trash and garbage. 

His home range is small ; he commonly gets to his work or wherever 
else he needs to go by walking. He has recognition relationships with 
most of the people of his community. Here he has feelings of security 
and comfort. There is, he says, no place like home. The high degree of 
independence of this individual becomes particularly evident under 
"emergency" conditions. He can ride out a winter blizzard with 
composure, and most of the dislocations that affect him can be met 
with his own efforts. He needs a minimum of public service. 

I think we can make a further suggestive comparison with the 
situation of a dweller in one of our large cities. Passing over the social 
and economic enclaves that produce something akin to small-town 
conditions, I select an individual who probably is more representa­
tive. Wherever he lives, he is dependent on a wide range of public 
services. His food, water, fuel, and power are brought to him, and his 
wastes of every kind are taken away. His work is likely to be many 
miles removed. To fulfill a specialized function in his community, he 
must meet a rigid transportation schedule in getting to the place of 
employment and returning home daily. Likely enough, he passes 
through territory that is largely unexplored and unfamiliar, and he 
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has continual contacts with individuals with whom he is unaquainted. 
He has lurking anxieties in dealing with a wide range of unpredicta­
ble situations. He may develop the social callouses and aggressive 
behavior frequently observed in the residents of large cities. In a 
measure, the city dweller has lost his identity in a social melange that 
is diffuse and uncertain. 

This individual is dependent for many things. He is vulnerable to 
every kind of public emergency. A drought or power failure, a strike 
or riot, a heavy snow that ties up traffic, can immobilize him and 
jeopardize his security. In this aggregation of largely strange human­
ity, he finds many of his activities organized and regulated. In turn, 
he needs protection from his fellow men. In concentrations of people 
it is evident that aberrant and anti-social behavior must be dealt 
with. There are health hazards to be guarded against. It exemplifies 
the unusual adaptability of the human being that many can tolerate 
these essentially unnatural conditions reasonably well. 

THE DENSITY DETERMINANT 

Since all "higher" animals are socialized in some degree, a measure 
of association between individuals is beneficial. It follows that with 
the increase of numbers an optimum density is reached in terms of 
behavioral needs and available habitat resources. At still higher 
concentrations we see the development of competition for space and 
other necessities and the breakdown of normal social relationships. 

The behavioral and logistic attrition that builds up can be de­
scribed conveniently by the term "stress." Eco-social stress is an 
elusive phenomenon-difficult to define, analyze, and quantify. For 
good reasons, scientists have largely avoided this baffling universe of 
inquiry in their investigations of population mechanics and animal 
relationships, although the physiology of stress is somewhat better 
understood (see review by Thiessen, 1964). The physical and psychic 
well-being of the individual is tied closely to environmental conditions. 

To appraise the nature of high-density stress in human society, we 
may review, for want of more appropriate terms, some of the findings 
of Alfred Korzybski, known for his innovations, several decades ago. 
in the field of general semantics. In a paper of 1943, largely drawn 
from three earlier sources, Korzybski explored the increase in com­
plexity of functional relationships or problems as individuals are 
added to a managerial system. He cited the work of V.A. Graicunas, 
who calculated the growth of problems faced by a supervisor as 
assistants with related work were added to his responsibilities. 
Deriving an appropriate formula, Graicunas solved for the increasing 
relationships as follows: 
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Number of assistants 
or functions 

1 
2 
3 

4 
5 

6 

7 

8 
9 

10 

Number of possible 
relationships 

1 
6 

18 
44 

100 
222 
490 

1,080 
2,376 
5,210 

We need go no further than 10 in the series, since it illustrates 
beyond question that the addition of individuals or functions in this 
relatively simple organization gives rise to an exponential increase in 
relationships. "At the root of the problem," said Korzybski, "lies the 
significant fundamental difference in the rate of growth between 
arithmetical progression, which grows by addition, for example, 2, 4, 
6, 8, 10, etc., and geometrical progression, which grows by multiplica­
tion, for example, 2, 4, 8, 16, 32, etc." He stated further, "My whole 
life work, and particularly since 1921, has been based on the life 
implications of this neglect to differentiate between the laws of 
growth of arithmetical and of geometrical progressions." In effect, he 
despaired that those who govern could find the wisdom and means to 
meet their proliferating managerial tasks satisfactorily. 

It seems evident that concentrations of people and, more generally, 
the growth of nations, produce a vast complexity that expands out of 
proportion to the build-up of population density. If, for example, our 
present world of 3.5 billions doubles by the year 2000, it might be 
supposed that the problems of government and social affairs would be 
twice as great. This would indeed be sufficient unto the day, but such 
a concept probably falls far short of reality. If we use the scale of the 
Korzybski example, which seems a conservative comparison, we might 
assume that the complexity of relations among one billion people is 
represented by an index of one; then the figure for three billions 
would potentially be 18 and for 6 billions 222 ! 

The build-up of stress undoubtedly takes place correspondingly. 
This phenomenon has not been measured or even dealt with theoreti­
cally. It is the resolution of many density-dependent tensions, com­
petitions, stimulations, and interactions. It is a plexus of curves that 
rise exponentially with every increase in population. Potentially, the 
computer is ideally fitted to reveal how these many variables syner­
gize, but programming anything but a simple model using highly 
"psychic" estimates is beyond present technology in the field. 
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THE ELUSIVE OPTIMUM 

Americans are accustomed to thinking of mass production as a 
means of attaining efficiency and lowering the cost per unit. This 
clearly does not apply to human beings. As people multiply and 
concentrate, they require more protection and service of every kind, 
and they are correspondingly more costly. 

Which raises significant questions about our present population 
level and the issues that spring up on every side. Is this great and 
burgeoning complexity related to our always-increasing costs of 
government, our deficits, our inadequacies in dealing with social 
problems--especially the rising rates of mental and psychosomatic 
disease and crime T Does it help to explain why municipalities and 
state governments find it progressively more difficult to collect 
enough taxes to carry out their commitments to education and other 
multiplying functions T Adding more land to the tax base does not 
solve problems where it adds enough people to create a dispropor­
tionate demand for public expenditures. 

We may reflect also that the labor force is growing with the 
population-at a time of increasing industrial automation. We are 
committed to a policy of full employment, and surplus labor must be 
added to private and government payrolls. This contributes to the tax 
burden and the cost of goods and degrades the effects of technology as 
a means of raising living standards. 

If population growth beyond an optimum begets problems that 
increase more rapidly than human numbers, it might be assumed that 
this only bespeaks the immaturity of our social and economic science­
that in due time man and his computers will handle the problem and 
produce a high living standard despite the difficulties. To an extent, 
this undoubtedly is true. But whether management skills can overtake 
a problem that is growing geometrically, and especially whether it 
can be done in a degree and in time to be a relief to this generation 
and those immediately ahead is highly questionable. 

It is evident that many of the high-density problems of humanity 
pertain especially to cities. Some 70 percent of the American people 
now live in cities of more than 50,000 and the proportion is increas­
ing. This has relevance also to the common outlook for help to the 
"underdeveloped" two-thirds of the world. It is a common economic 
view that rural populations of these countries must be gathered into 
cities and their land given over to large-scale mechanized agriculture. 
It is assumed that industrialization in our image will bring them the 
blessings of modernity. 

Even assuming a drastic Malthusian reduction of population in the 
next 20 years, as seems inevitable, one wonders whether governments 



456 THIRTY-FOURTH NORTH AMERICAN WILDLIFE CONFERENCE 

of the countries in question can achieve a sophistication that could 
make such a change of life possible for their remaining citizens. In an 
important degree, we ourselves have fallen short in dealing with the 
challenge of complexity. The President's Council on Recreation and 
Natural Beauty remarked (1968) that "No major urban center in the 
world has yet demonstrated satisfactory ways to accommodate 
growth. In many areas expanding population is outrunning the 
readily available supply of food, water, and other basic resources and 
threatens to aggravate beyond solution the staggering problems of the 
new urban society." 

The concept that industrialization can be the salvation of over­
populated and impoverished peoples seems also to neglect the fact 
that our own system is based on an abundance of native and imported 
wealth. The inhabitants of North America-only 7 percent of humani­
ty-are using about half the world's yield of basic resources. Sociolo­
gist Philip M. Hauser (1960) has stated that, at our standard of 
living, the total products of the world would support about half a 
billion people. This seems a dim outlook for the 3.5 billions now alive 
and those yet to come. 

At a cost, Americans have shown little understanding or respect for 
the cultures of other peoples. It might become us, and avoid responsi­
bility for further great errors in dealing with the developing nations, 
if we proceed slowly in overhauling their social and economic systems. 

There appears to be unmistakable evidence that the world at large 
has passed the optimum level of population. It has been widely 
assumed that this does not apply to the United States; but the 
foregoing considerations seem to indicate that we should be diminish­
ing our problems at the source rather than always trying to outrun 
them. As Hardin (1968) emphasizes, the population problem has no 
technical solution. 

Perhaps the most widely evident sign of our overabundance is 
degradation of the environment. The technological "explosion"­
terminology that suggests a consciousness of some of the exponentials 
involved-has been accompanied by a corresponding ·re-working of 
the face of the land. The widespread pollution of water and air, and 
the despoliation of natural beauty need no particular documentation 
here. The solid wastes to be disposed of now aggregate 4.5 pounds per 
person per day. Thermal modification of natural waters as a result of 
power production is doubling in 10 years. There is ample evidence 
that in North America we have exceeded the capacity of the biosphere 
to degrade and assimilate our wastes. Not only should we be making 
strenuous efforts to avoid further population increases, but real and 
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rapid progress toward better standards of life probably must await 
the attaining of a negative birth rate. 

OUR GROWTH OBSESSION 

Nowhere in the state of nature do we find animals prospering so 
well, surviving in such large numbers, living so long, and reproducing 
so" abundantly as when a population is expanding to fill a vacant 
environment. Of course, this is what happened in North America 
during the past 300 years. The white man displaced the Indian and 
took over his resources for use at a "higher" cultural level that could 
support many more people. It is perhaps understandable that modern 
Americans have developed an expansionist euphoria that attributes 
collective weal to the growth process itself, rather than to the 
availability of resources on which growth can take place. The "expand­
ing economy" idea has passed from the stage of useful realism to one 
of economic dogma. 

Two of the "easy'' approaches to success in business and industry 
have become routine. First, we have assumed the right to pollute air, 
water, and land or to mutilate the scenery as a valid part of the 
profit-taking process. Secondly, and because we have always had it 
this way, it is assumed that every enterprise has the "right" to 
expand through continuous increases in customers-which takes place 
through additions to the population. The view that this process goes 
on indefinitely and that it holds the key to the "American dream" is 
behind the huge promotion now under way to "attract new industry" 
and build population in practically every community that can sup­
port more people through private or public development. 

It needs to be understood clearly that human numbers do not grow 
in thin air. They are a response to the broadening of the resource base 
and the opening of vacant or sparsely occupied areas through 
developments that support new communities. This is one way in 
which population can be manipulated-by creating more centers of 
build-up or, in the other direction, by deliberately preserving our 
open spaces for less intensive uses. It seems evident that we have no 
public incentive to increase population, yet our planning is consistent­
ly in that direction. 

One who reads the transactions of the Western Resources Confer­
ences will learn that as of 1960 there were 22 billion dollars worth of 
water development projects for seventeen states in the files of the 
Bureau of Reclamation-plans that engineers considered "feasible." 
These are planned for construction by the year 2000 (see McGee, 
1960; Schad, 1960). It is assumed that every river system must come 
under complete control, with the total water supply utilized to 
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establish new agriculture, new industry, and more people ( estimated 
at 25 million) in all of the "undeveloped" open space that can be 
found. There are enthusiastic promoters of this program in the 
Congress and, needless to say, in the local electorates involved. Plans 
for more "economic development" for other sections of the country 
are going forward accordingly. 

I do not imply that all such enterprises are not in the public 
interest, but to make these far-reaching resource decisions, our 
representatives in the Congress must have access to every kind of 
information. They are frequently reminded that they represent the 
construction beneficiaries who move the earth and pour the concrete. 
But they likewise represent every taxpayer who supports the great 
works, with their wonderful and baffling cost-benefit ratios. The 
harried Congressman must be the dependence of people at large who 
make use of space, scenic, and recreational features of this land­
people who have little concept of what is happening. They know only 
that we are dedicated to "progress." Where that progress leads, or 
what kind of world is beh;g contrived they are never told. Has 
someone decided for them that we are to have no hinterland? .Are 
there to be smokestacks in every wilderness, a smog over every 
countryside, the threat of extinction over every flowing stream? 

There is another concept of resource management that sees our 
continent as a composite of environmental types, each with its own 
character and its particular contribution to the national scene. The 
latter presupposes that there are many and diverse ways to achieve a 
pleasant life and that various regions have much to offer in their 
existing features and natural assets. 

The wild creatures of this earth have survived because each 
performs a useful function in a reasonably stable ecosystem. .Any 
living thing that is too successful destroys the sources of its livelihood 
and disappears with the community on which it depends. Man's vast 
power play in using, if not inhabiting, nearly every environment on 
this planet could be self-defeating if he does not have the insight to 
impose his own controls and work for that necessary stability in his 
ecosystem. 

The 1968 report of Congressman Daddario and his Subcommittee 
on Science, Research, and Development observed that ". . . the 
population explosion is fundamental to the requirement for environ­
mental management. Population must come under control and be 
stabilized at some number which civilization can agree upon. Other­
wise, the best use of natural resources will be inadequate and the 
apocalyptic forces of disease and famine will dominate the earth." 

Stability and an "agreed-upon" population level are indeed worthy 
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objectives in realistic planning for the future. This can not be a 
cookbook approach with flat rules and precise standards. Conditions 
in both space and time are too uncertain and variable. But in 
ecological perspective it is possible to appraise the direction of trends 
and influences. For now, a curb on birth rate by every acceptable 
means and a major reduction of the government-sponsored environ­
mental onslaught are two requisites of the greatest urgency. It is 
heartening to see signs that these are getting attention in the 
Congress. 

DEMANDS OF CRISIS 

We have come to a threshhold in world and national affairs where 
there is immediate need to apply sophisticated, up-to-date thinking if 
we are to mitigate, rather than augment, the growing miseries of 
mankind. Around the earth, much that needs to be done is blocked by 
a massif of ignorance. However, it certainly is true that the wars of 
history have made greater personal demands on men of many 
countries than what must be asked of the world's people in the years 
ahead. The population issue does not brutalize the masses and inflict 
hardship on the innocent. It calls for an appeal to reason backed by all 
the skills social science can muster. In our own nation public 
acceptance of new ideas is of such great urgency that real resources 
need to be applied in bringing it about. Many of our old traditions, 
assumptions, and slogans need a searching review with open-minded 
willingness to innovate. 

Most of us are all too aware of the unrest of the new generation of 
our citizenry. I make no case for those who march and protest with no 
real effort at problem solving. But we probably can ascribe some of 
their social malaise to the frustrating complexity of the world in 
which they find themselves-a world in which there is no reassuring 
guidance toward recognizable goals, no convincing reasons to assume 
that the individual has a defensible purpose in being. 

There is, to be sure, an "establishment" devoted to high-sounding 
maxims that are supposed to be worthy and venerable by definition, 
but which seem to confuse rather than simplify our human problems. 
In the sum-total of their ecological malpractice, the elders are heading 
humanity toward the damnation of the lemmings. If youth does not 
see this at once, there are good reasons; for no one has given them any 
rational concept of man's relationship to the earth or any basic ethos 
of human respectability. In our overgrown institutions of higher 
education the husbandry of their intellects is monitored by humanists 
who are not biologists and biologists who are not humanists. They 
learn how to do great things but the why of nothing. 

This is to identify one of our overshadowing difficulties. In this 
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time of television, moon exploration, and the imminent availability of 
nearly unlimited sources of energy, it is obvious that accomplishments 
in engineering and its supporting sciences are awe-inspiring testimo­
ny to the capacity of the human mind. 

Attending all our technical triumphs, however, is a growing reali­
zation that we have a critical area of weakness. While we know how to 
do fantastic things, we frequently do not know when and where-nor 
indeed why-to do them. The problem transfers itself from physical 
science in the development and use of hardware to another sphere in 
which we are less competent-that of the biology and ecology of man. 

The nature and proportions of this problem actually bespeak the 
relative complexity of the systems of nature. Even though the 
physical characteristics of matter and energy are inconceivably 
involved, they are far less so than the limitless intricacies of the world 
of living things. Biological systems include all the variables of 
physical science plus the endless elaborations of more than two billion 
years of organic evolution. To the structure and physiology of the 
living organism are added the organization of ecosystems and the 
behavioral adaptations that are essential to survival. 

In these dimensions were the origins of man, and now his culture 
has taken over to reorient his own speciation and vastly modify the 
habitat in which he developed. If, with the tools now at his disposal, 
he blunders unaware into the throes of overpopulation and environ­
mental ruin, he could in a tick of the geological time clock be carried 
away to oblivion by the mechanical monster he has created. 

Pessimism always has a hollow ring. But where so much is at stake 
there is more safety in planning for the worst than always hoping for 
the best. The truth is that today's greatest problems will not be 
solved. We are too late, and we failed for lack of foresight. Only 
tomorrow's problems can be solved, and only if we of today agree to 
be responsible for tomorrow. 
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DISCUSSION 

CHAIRMAN STAHR: Dr. Allen, that was a strong, bold, and jolting talk. It is 
interesting to reflect that it takes a real radical these days to argue for stability. 
The clock is turned a long way around. 

The time has now come, I believe, to introduce our Vice Chairman. 
Our Vice Chairman is a journalist. He is an employee of a newspaper well 

known and highly respected around the world, a newspaper published in a great 
megalopolis but he himself tells me he was born a country boy in Ohio. He has 
been in Washington for the New York Times for the past ten years. I am happy to 
present Mr. William M. Blair, reporter for the New York Times.

MR. BLAIR: I could not help but think, when our speaker was dwelling upon the 
instability of this world, of the question: Are we rising to the level of our own 
importance f That is the first question that I would ask. 

DR. ALLEN: I hope we will rise to new levels by applying our science to our 
most difficult problems, some of which I have alluded to. We have not brought our 
science to bear on these problems as yet. I think we know a great deal more than 
we have been willing to apply up to now. The trouble is that too small a minority 
of humanity knows these things. If a certain 10 percent of our people were killed 
overnight, we would lapse into savagery. I believe that and I know many others 
do also. 

We believe in something that has been talked about for many years, and getting 
action is the big problem. We can rise above our incompetencies, if I interpret 
your question correctly, but I am not sure we are going to do it before we have 
even more painful illustrations of what our incompetence has done to us. 
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TO PRESE1RVE THE COUNTRYSIDE-BUILD NEW CITl 1ES 

WILLIAM E. FINLEY 
Vice President for CO'mmunity Development, The Rouse Company, 
Columbia, Marylatnd 

It seems as if we city folks are greatly outnumbered today by those 
concerned with the places where cities aren't, and yet the title of the 
conference "Conservation in an Urbanizing Society" is clearly a 
recognition of the growing battle between our exploding cities, our 
oozing suburbs and our natural heritage. Even as you concentrate on 
the places where cities aren't, there has been a narrow view of cities 
today by those who attempt to guide their destiny. 

The leaders and managers of American cities are so entangled in 
the problems of congestion, poverty, taxes, ugliness, suburban scatter­
ation, and dwindling treasuries that they can almost not be concerned 
with the places where the cities aren't. 

And those of you who are professionals in wildlife and natural 
resources can only look upon our cities and our enormous population 
growth as a threat to our most important national treasures. 

The very fact of our being here together in this session is marked 
evidence that we both have a common concern for that growing 
conflict over the demand for use of open-space resources. 

The basic thrust of my paper is to point out that by intelligent 
urban planning we can save for posterity those important elements 
of our natural landscape, in and around our cities, to the benefit of 
city and suburban people and in some ways reduce the pressure on the 
massive open spaces of the West and the all-too-few federal lands in 
the East. 

There is agreement on all sides that our nation's population will 
increase from 200 million to 300 million by the year 2000, only 30 
years from now, and that the lion's share of that growth will be at the 
periphery of our cities, in the style which they call in New York, 
"spread city." Like syrup poured on a table top, suburban develop­
ment will continue to cover the land in a seemingly endless checker­
board of largely unrelated development. People will live farther and 
farther from downtown, social pressures will be kept on the central 
city, businesses will flee to the suburbs, thereby decreasing the value of 
the central city and further encouraging suburban development. 

In this helter skelter of land speculation and development relative­
ly little open space will be preserved. Sites for public facilities will 
most often not be set aside. Highways will get wider, transit more 
uneconomic, and the social disparities in our metropolitan areas will 
become even more severe than they are today. 
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But worse than that, the next 100 million people will not be the last 
100 million. The next 100 million will use only 2 percent to 3 percent 
of the nation's land as a resource. Today's 200 million, now only cover 
1 percent. Sometimes people act as if the nation is going to cease to 
exist or growth after the year 2000. While it is only natural to be 
concerned with only the generation ahead, from a personal point of 
view, those of us who are students of cities and resource professionals 
must always be thinking beyond the next generation. 

At this point, the places that worry me the most are those that are 
close in to our exploding metropolitan areas, the seashores, the rolling 
farming countryside, the forests, and the inadequate parks. They will 
be overcrowded and their basic values can be destroyed by too 
intensive use or even development itself. I have the impression that 
public programs, especially state and local, are not keeping up with 
urbanization. The problem is more critical in the East and Middle 
West where half the population now lives but where there is located 
only 4 or 5 percent of the federal public lands with their park and 
recreation potential. While recent federal open space legislation has 
tipped its hat toward federal assistance to state and local govern­
ments, so far it has been too little and too late. What kind of a nation 
are we where the Federal Government builds highways on a 90-10 
formula but supports only 50- 50 for acquisition and preservation of 
the countryside? 

There are real values for people in saving some of the countryside. 
It obviously is the place where one can have contrasting emotional 
experiences, a place to be alone, or a place for families or lovers to 
walk. Somewhere in the spirit of all people, and especially Americans, 
is a deep love and respect for the forests, the lakes, the mountain 
tops, of places for low-pressure, low-density recreation, for the wit­
nessing of wildlife and wild flowers. And those farms and fields 
which represent the agricultural base of history of our nation. 

But what a battle it takes to buy new lands for national parks, to 
save The Dunes, Point Reyes, and the Cape Cod seashore! These most 
recent cases are places where the growth of population threatened 
their very existence and only with enormous cost were they pur­
chased, to be held in trust for the nation. This seems an expensive way 
to preserve land. 

Earlier I mentioned that most of tomorrow's growth would be 
incremental to the cities and towns of today. But I would propose that 
there are other alternatives which are healthier for our people from 
many points of view. I would submit cities which have reached a scale 
of from 5 million to 10 million people are almost to the point of being 
beyond livability. As we have all watched New York in the last 
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twenty years, it is obvious that it is a city and region almost beyond 
management and certainly beyond a joyful way of life for anyone less 
than the rich. 

And should Chicago and Philadelphia and Los Angeles and the Bay 
area and Baltimore and Washington all grow beyond 5,000,000 to 
10,000,000, then what, after the year 2000? Is it possible for these 
cities and regions to ever catch up in transportation, housing, urban 
renewal, the rebuilding of schools and other facilities? I read that the 
percentage of pollution in the air is reaching danger levels in several 
metropolitan areas and every thousand automobiles and chimneys 
added to the area further menace the public health. 

Therefore, we must come to what seems to be an obvious other 
choice and that is the building of new cities beyond commuting 
distance frm those which exist today. Not new towns, a la Britain 
and Scandinavia, which would also be "too little and too late" for a 
nation as giant as ours, but whole new major cities of a million people 
or more. Cities designed and built by using what we know today about 
the problems of cities and the new methods available to create a way 
of life which will make people's existence on this earth creative and 
rewarding. 

As one who is involved in city planning and for the past six years 
in the building of a small new city, I am absolutely sure that we have 
the knowledge, the insight, and the resources to build dozens of new 
cities across the nation in the last generation of this century. 

We only need to apply what we know about human values and the 
systems for human existence in the fields of education, recreation, 
transportation, housing, employment and conservation. We know how 
to design better neighborhoods which are safe and pleasant, have vari­
ety, enhance the life of children and parents and young people and 
old people. We know how to design and build places for meeting and 
schooling and shopping and participation in the arts, and all forms of 
social and creative activity. And we know how to build downtowns 
and great industrial centers, and to design methods of transportation 
and communication which enhance our lives rather than throttle 
them. We have a start on the management capacity, to locate, plan, 
design, construct and manage new cities. However, I believe it can 
only be done with careful combination of public power and private 
means. It can only be built by free enterprise in a public framework 
within which each of the components of our economy and society can 
play complementary roles. 

The designation of locations for urban centers is an act that can 
create enormous values to be appropriately shared by the public 
and the private enterpreneurs necessary to carry out the program of 
building new cities. The very values created can pay for the public 
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investment in advance funds for land acquisition, planning, and for 
building the infra-structure of highways, utilities and community 
facilities necessary to create the framework within which public and 
private resources can go to work to create these new places. 

They will probably have to be created by local, state, or regional 
development agencies. They should be similar in function to an urban 
renewal agency in the city or county, have the power of acquisition 
and responsibility for planning, and the disposition of land for public 
and private purchase. It is likely that federal, long-term, below mar­
ket interest loans will be necessary to prompt and assist these devel­
opment agencies to move, to designate locations, to acquire them, to 
plan them and carry out their orderly disposition. And in the process, 
adequate amounts of the countryside can be preserved. 

All this implies a strategy not of controlling the growth of cities 
(which has proved unworkable even in a totalitarian society like 
the Soviet Union where they have been unable to limit the growth of 
Moscow). The principle here is one of diversion, of changing the 
magnets of growth. I believe that people, industries, and institutions 
are willing to move to new locations, to atmospheres of innovation and 
safety. I am absolutely satisfied that such new cities can be built. 

Twenty miles from here, in our new city of Columbia, Maryland, 
you will find living proof that a new environment can be created and 
that people and jobs and institutions will flock to it. As an alternate 
to suburban sprawl, and to show what energetic entrepreneurs could 
do in creating a better life environment for our Company, a relatively 
small real estate finance and development organization, teamed with 
an imaginative life insurance company, Connecticut General, and 
acquired privately 15,000 acres of land, in 176 purchases at a cost of 
nearly $24,000,000. We have invested $30,000,000 into the improve­
ments necessary to make it a place where home builders and buyers, 
where apartment dwellers, and new industries, colleges, a symphony 
orchestra, shop keepers, artists, young people and old can move to 
experience a new way of life. 

Columbia is being built in a county that has been basically rural, 
midway between Baltimore and Washington. The county government 
in charge of schools, police, fire, and basic utilities has shown a 
remarkable willingness to proceed. Our plan, submitted for their ap­
proval, accommodated the widest spectrum of housing and income, of 
industry and service, of cultural, recreation and entertainment places, 
and preserves 25 percent of all the land as permanent open space. The 
circulation systems of pathways and underpasses to high-speed arteri­
als and a public transportation system all knit together the fabric of 
the community. 

In the Maryland countryside we are creating a city of 150,000 

' 

J 
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people, a small effort in the national scene to be sure, but a pioneering 
effort to show the way. With Columbia and some other new towns as 
guidance, our nation certainly can move in the direction of preserving 
its natural inheritance by building new cities which, in turn, will slow 
the rate of growth of our existing cities. Only then will there be 
enough open countryside available to our growing population. With 
that available to meet much of the recreation demand, the pressure 
on national parks, state parks, and wilderness areas can be reduced. 

DISCUSSION 

DR. ALFRED D. GEIS: As I understand it, you said that cities like Columbia are 
actually adding to the present urban sprawl rather than solving it. Therefore, 
would it not be better to solve the problem of the central city rather than to 
try to add new problems by creating these types of communitiesf 

MR. FINLEY: You are only partially right. I think it is fair to say that a 
small private venture, like a Columbia, has to be located initially in the eco­
nomic watershed of a growing metropolitan area. At the moment, in the absence 
of any national, state or regional policies controlling industrial location, it is 
unlikely that a new city can be created in the boondocks beyond commuting dis­
tance. Only with national, state and regional policies can we build new cities in 
the locations that I recommend. I do not think that small new cities, such as 
Columbia and Reston, add to the problem. What they do is to coagulate, to gather 
together growth that would ordinarily spread over a much wider area because of 
their higher densities and concentration. 

However, I don't think they are the whole solution to the larger national 
problem. 

Further, there is money to be made by public agencies in capturing values that 
are involved at the new city locations. I don't mean that central e.ity rebuilding 
should wait. But there are many industries and many families who cannot locare 
in the central city. Of equal importance are the rebuilding of central cities and 
the building of new ones. 

DR. J. J. SHOMON (National Audubon Society): Your plan to hold 25 percent 
of the land in open space is certainly encouraging. What worries those of us in 
open-space preservation is the permanency and proper maintenance of this open 
space. What kind of built-in assurance can you recommend that this permanent 
25 percent open space will be properly preserved and maintained f 

One big problem we face today in our cities and in a lot of surburban areas 
is the terrible mismanagement, neglect, and poor maintenance, of the open space 
that we have. How do you hope to face that problem in Columbia. and how would 
you suggest others face it in new cities f 

MR. FINLEY: We a1·e very much concerned with this question in planning Colum­
bia. We found ourselves in a rural county with no park or recreation program, 
with relatively little concern for open space because, of course, most of the county 
was open space. They had a little saying in Howard County, for example, that 
when you purchased a quarter of an acre, you received a deed to the county, 
which means that everybody was used to looking out their picture window at their 
neighbor's farm. 

What we have done is to create a perpetual easement of the open-space land 
which cannot be removed. This is a private and voluntary action on our part. We 
then, in turn, deed the land without charge to a permanent non-profit organiza­
tion, which is, in turn, supported by assessments on all the developed portions of 
the land-in effect, a private tax. Among its more important charges is the 
permanent ownership and maintenance of these open spaces. We have made the 
system as tight as any lawyers in the country l'.an make it, and we are satisfied 
it will work. 
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MR. BLAIR: Are there other commentsf If not, I again turn it back to your 
Chairman. 

CHAIRMAN STAHR: This leads us to our next subject. At the opening session, 
· after Mr. Brooks and others had discussed the crisis of the elean environment
problem, a pointed question was raised whether our political machinery was ade­
quate to deal with environmental problems. The question was inadequately an­
swered and possibly cannot be adequately answered. However, the subject of the
next speaker is a partial answer.

FRESH APPROACHES FOR GOVERNMENT ORGANIZATION 

LYNTON K. CALDWELL 

Professor of Government, Indiana University, Bloomington 

Governments are organized for the purpose of implementing poli­
cy. The ultimate purpose of a specific organizational proposal may 
not always be made explicit by its advocates, but there is a purpose 
nevertheless. The substantive purpose and effect of organization meas­
ures have significance beyond qualitative values such as efficiency 
and economy that pertain to the way the tasks: of government are 
performed, but tell nothing of the purpose or worth of those tasks. 
The following remarks are intended to deal primarily with questions 
of government organization-not policy. But because policy imple­
mentation is the only reason for a discussion of organization within 
the context of this paper, its beginning and its ending will relate it to 
the policy issue that is involved. 

The issue, stated as a question is this: Do the welfare and safety of 
the American people and the conditions of their future happiness and 
prosperity require that the Government of the United States commit 
itself to explicit responsibility for the protection and enhancement of 
the life-support base-the environment-of American society? Some 
Americans may find it hard to believe that their government has no 
such explicit responsibility. It may indeed be implicit in more than 
one Constitutional provision, and it can easily be construed as con­
sistent with the purposes set forth in the Preamble. But the Congress 
of the United States has not yet adopted explfoitly a general policy to 
protect and improve the quality of the American environment and 
to determine in principle the degree of priority that this policy 
should have in relation to other policies that might conflict with it. 
Fresh approaches for government organization in relation to en­
vironmental policy are being called for today by those Americans 
who believe that the United States must on behalf of its people adopt 
and implement a positive and coherent policy for the conservation 
and management not merely of natural resources in the conventional 
sense, but of the total environment in which men live, work, and shape 
the growth of civilization. 
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Although few events seem more improbable than governmental 
reorganization, it is clear, in retrospect, that governmental structure 
does change. The organizations of the Congress and of the Executive 
Branch of the Government of the United States were not intended for 
the conservation and management of the human environment. Their 
structures are poorly adapted to this purpose. Even with a poor 
structure for the conservation of the environment, it would be possible 
to implement a comprehensive national policy if the efforts in the 
White House and the Congress were sufficiently determined, vigorous, 
and unremitting to obtain the adoption of such a policy. But the task 
too often would require the pushing of public policy against the grain 
of the administrative system in the Executive Branch and the com­
mittee structure in the Congress. 

ORGANIZATION AND THE CONGRESS 

The jurisdiction of Congressional committees is divided in a 
manner that would appear to prevent any comprehensive review of 
environmental policy short of action by the committee of the whole 
when a bill is up for passage. At the present stage of policy­
formulation, a lead has been taken in the Senate by the Committee on 
Interior and Insular Affairs and in the House of Representatives by 
the Committee on Science and Astronautics. The House Committee on 
Interior and Insular Affairs has followed a more conservative course, 
but its chairman has been an active proponent of the work of the 
Public Land Law Review Commission. However, if and when actual 
legislative action becomes imminent, it is possible that other commit­
tees will assert their jurisdiction on specific matters. Probably no 
single committee can be organized to deal with all aspects of environ­
mental policy. But it would not be difficult to suggest a more efficient 
arrangement than the one presently in effect, if the Congress is to 
play a constructive role in the shaping of environmental policy. 

There is resistance in the Congress, and with good reason, to the 
creation of new committees. It is obviously difficult to abolish or 
consolidate old committees with resulting loss of chairmanships and 
other committee prerogatives. Nevertheless, either a joint committee 
on the environment and natural resources or corresponding commit­
tees in each house that could meet in joint session would afford a more 
coherent organization for policy formulation and review than we have 
at present. But equally, and perhaps even more, important than this 
change would be to redefine the jurisdictions of committees-such as 
those having to do with public works-so that decisions vitally 
affecting the quality of the environment could not be taken unilateral­
ly by committees with no official concern for the environment as such. 
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A major argument in favor of joint or dual Congressional commit­
tees on the environment and natural resources would be to enable the 
Congress to play an effective role in relation to the Executive. Several 
bills creating (under various names) a council on the environment 
were introduced into the 90th Congress and have been reintroduced 
into the 91st. These proposals would establish a council, to be situated 
in the Executive Office of the President-its status and powers to be 
similar to those enjoyed by the Council of Economic Advisers. Under 
most of these proposals the President would periodically transmit to 
the Congress a message on the state of the environment. As the 
Congress is presently organized, the content of such a message would 
be divided in referral to several different Congressional committees. 
Some competition among Congressional committees is not a bad thing 
for public policy. It is insurance against committee misfeasance or 
non-feasance. Nevertheless a clearer fixation of Congressional respon­
sibility would be desirable in developing public policies for conserva­
tion and the environment. Joint or dual committees would be logical 
recipients of the Presidential message, as they would have the power to 
act upon it or to initiate legislative proposals on a broad range of 
environmental policy issues. The need for this restructuring in the 
Congress will become clearer when considered in relation to the 
reorganization of the Executive Branch from which policy proposals 
are transmitted to the Congress. 

T'HE EXECUTIVE BRANCH 

If the United States is to cope effectively with its major environ­
mental problems, some restructuring of the Executive Branch seems 
necessary. The reason for this necessity should be clear; the present 
organization of government was put together piece-by-piece in re­
sponse to popular demand for public assistance in preempting and 
exploiting the natural resources of the continent. Many laws and 
missions administered by federal agencies are of dubious relevance or 
utility to American society as it is today. An urbanized, mobile, 
science-using, highly productive, and affluent society finds new values 
and goals in the environment replacing and often conflicting with the 
values and goals that the present structure of government was built to 
serve. The dominant purpose of the various proposals for governmen­
tal reorganization that have been made has been to establish the care 
and custody of the natural environment of the nation as a public 
responsibility and trust superior to the special interests of resource 
development groups that the present organization primarily serves. 
Three distinctive innovations in the organization of the federal 
Executive Branch have been proposed. Each of the three have been 
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modified and interpreted in various degrees, and none is 'really 
mutually exclusive. In the order of the extensiveness of the changes 
that they would introduce they are: first, an assistant to the President 
for liason with the natural resources and environmental management 
agencies and programs; second, a high-level Council on the Environ­
ment, for surveillance, review, and reporting functions and; third, a 
cabinet level Department of Environment and Natural Resources, 
absorbing nearly all of the present functions of the Department of the 
Interior, most of those performed by the Department of Agriculture, 
and some now housed in the Departments of Commerce, Defense, and 
Health, Education and Welfare. 

The liaison officer is the most modest of the proposed innovations, 
involving no real organizational change in the Executive branch and 
requiring no Congressional action. This presidential appointee would 
work with and might act as executive secretary for a Council on the 
Environment which might be formed out of the present inter-agency 
Council on Recreation and Natural Beauty. These measures were 
reported by the New York Times on January 14th to be among the 
principal recommendations of President Nixon's pre-inaugural Task 
Force on Resources and the Environment. They could mark the 
beginning of a new orientation in federal policy toward the environ­
ment even though it is doubtful whether they would have any dra­
matic immediate effect upon federal action. A presidential special 
assistant for environmental affairs could be a pathetic and ineffectual 
figure if the President did not provide strong purposive backing for 
an environmental policy of some kind. And inter-agency committees 
and councils are by definition creatures of compromise and mutual 
accommodation. In short the recommendations attributed to the Nixon 
task force would appear to be constructive and might result in some 
positive accomplishment. They would hardly qualify as "fresh meas­
ures for government organization," nor were they probably intended 
to do so. 

The second innovative proposal that has been under discussion is 
not really new as a proposition. The idea of a high-level board of 
review on resource and environmental issues was considered by the 
Hoover Commission Task Force on Natural Resources and was, in 
effect, proposed to President Kennedy by the National Academy of 
Sciences Committee on Natural Resources. This council is distin­
guishable from that allegedly proposed by the Nixon task force in its 
membership, independent of existing federal agencies and programs. 
This is a very important difference as the "independent" council 
would presumably view existing federal policies and programs "from 
the outside" and its members would not be spokesmen or representa­
tives of the federal agencies. 
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In order to understand the purpose and role of an "independent" 
environmental council at the highest levels of policy formation the 
following factors should be recognized. First, to be effective the 
council must have the approval and confidence of the President. The 
proposals introduced as bills into the 90th Congress, and into the 91st 
Congress thus far, have represented congressional rather than pres­
idential initiative. The Johnson Administration was not known to 
have taken a position for or against these proposals and none of them 
reached a stage of public hearing. Unofficial opinion in the agencies 
most closely affected by the proposals-the Bureau of the Budget, the 
Council of Economic Advisers anti the Office of Science and Technolo­
gy-appears to have been mixed. It might be assumed however that 
representatives of the existing advisory structure would not extend on 
enthusiastic welcome to a new member of the Executive household 
where arrival would necessitate some redefining of their own juris­
diction and relationship. In advance of an actual presidential request 
for opinions from the present advisory agencies with regard to a 
specific proposal for an environmental council, it would be impolitic 
to pre-judge the agency response. But it would not be unfair to 
observe that the almost invariable response of existing agencies to 
proposals of the type under consideration tends to be negative. 

On the desirability of an environmental council the President must, 
therefore, form his own opinion independently of the existing official 
advisory structure. The response of the great federal departments and 
commissions could also be expected to be less than enthusiastic. This 
is because a major function of the council under the various proposals 
in the Congress would be the coordination and reconciliation of 
agency policy and action. It is a safe generalization that no autono­
mous agency or administrator welcomes "coordination" from the 
outside-even in the public interest. The proposed council would not 
itself undertake to coordinate agency action, but its studies, hearings 
and reports would be a force for coordination under the authority of 
the President. Most importantly, it would not be dependent upon the 
concurrence of the federal agencies in the formulation of its :findings 
and recommendations. 

The high-level advisory and review functions of the council would 
necessitate the location at the presidential rather than at the depart­
mental level. It would be as logical to locate the Council of E·conomic 
Advisers in the Department of the Treasury as to attach the council 
on the environment to a Department of the Environment and �atural 
Resources. Even though the principal federal agencies eng{J-ged in 
environmental management were brought into a large new coordina­
tive department, there would (and probably should) remain many 
environment-related programs and activities in other departments. A 
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council that was responsible for the review of national policy general­
ly, and for surveillance of the activities of all federal agencies and 
departments in relation to that policy could be situated at any level 
lower than that of the President or the Congress. 

It would, of course, be possible to relate a council on the environ­
ment to the Congress instead of to the President. Its status might 
resemble that of the General Accounting Office, the Civil Service 
Commission or the Technology Assessment Board proposed by Rep­
resentative Emilio Q. Daddario. Should the magnitude and complex­
ity of governmental operations push the nation away from the 
absolute primacy of the President and toward greater responsibility 
at the cabinet level, this "independent" status might prove as 
effective as location in the Executive Office. The advantage of this 
status is that the Congress would be more closely involved in the 
responsibility for environmental policy-making. Moreover, if the 
Congress should be more responsive than the President to public 
demand for an environmental policy, the Congress could move ahead 
to create the council and adopt a national policy without waiting for 
presidential initiative. 

The effectiveness of national policy is greatest when both the 
President and the Congress are in concurrence. Whether a council for 
the environment is established within the Executive Office or whether 
it is either a joint agency or is responsible primarily to the Congress 
is less important than its high-level status. In essence, its functions as 
suggested by recent legislative proposals would be four: goal propos­
ing, surveillance, analysis, and reporting. The council, through its 
own staff, and through government agencies, universities and research 
institutes, would monitor the state of the environment. It would 
measure a variety of environmental conditions against standards set 
by scientific and governmental authorities and, after analyzing the 
data and ascertaining their meaning, would report its findings to the 
President, to the Congress, and to the American people. Whether, and 
on what conditions, the council might report directly to the people 
instead of to or through either of the constitutional branches would 
depend upon its legal status. If established as advisory specifically to 
either the President or to the Congress, it might be inappropriate and 
perhaps even illegal for it to report directly to other than its sponsor. 
One of its most useful functions in any case would be to help the 
President, the Congress, and the American people to consider alterna­
tives, to set priorities, and to formulate goals for management of the 
nation's natural resources and its environment. 

The bills in the 90th Congress indicated the Executive Office of the 
President as the location of the council, and they required the 
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President annually or biennially to report to the Congress on the state 
of the environment. As previously noted in this paper, the President's 
report would normally be referred to the committee or committees 
primarily concerned with its findings or recommendations. The 
present assignment of committee responsibilities in the Congress is 
not well adapted to a consideration of broad environmental policies. 
Environmental issues are certain to grow in importance and urgency 
relative to many public questions that have hitherto enjoyed higher 
priority among Congressmen. The restructuring of several of the 
existing committees to form a joint committee on the environment 
would seem therefore to be a logical and perhaps a necessary corollary 
to the high-level council on the environment and the President's 
message to the Congress. 

The restructuring of the executive agencies for greater environmen­
tal policy effectiveness presents a complex challenge. Alternative 
possibilities are numerous. Any major change in relationships among 
existing administrative units across departmental lines has implica­
tions for the structure of the entire Executive Branch. This is not 
necessarily a deterring factor to consideration of a major organiza­
tional change, for in any event a major restructuring of the Executive 
Branch is beco_ming necessary for operational and coordinative rea­
sons. Therefore, although the nation has historically preferred single­
purpose and ad hoc measures to comprehensive reorganization plans, 
it would be wise at this stage in American history to reorganize for 
environmental policy as a part of or in relation to, a more comprehen­
sive and fundamental rethinking of the functions and responsibilities 
of the Federal Government and the respective responsibilities of the 
President and the heads of the great federal agencies in the formation 
and administration of public policy. 

Regardless of constitutional theory, the practical responsibilities of 
the President must increasingly be shared with the heads of the major 
administrative agencies. This sharing of responsibility means a shar­
ing of power, and, if the power is to be shared responsibly, the top 
level of executive authority must be clarified and simplified. Ultimate 
decisions on controversial questions remain with the President. But no 
human personality can possibly fulfill the extravagant demands upon 
presidential leadership that have increasingly been made since the 
beginning of the 20th century. In the 1930's the Executive Office of 
the President was established to give the President help. But, with the 
exception of the Department of Defense, and certain detailed reforms 
initiated by the Hoover Commission, the enormous increase in the 
magnitude and complexity of federal operations during the succeed­
ing decades has not been accommodated by more than incremental 
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changes in administrative structure. New agencies such as the Atomic 
Energy Commission and the National Space and Aeronautics Admin­
istration have complicated rather than assisted in the administration 
of national policy at the presidential level. 

Simplistic solutions may not provide good answers to complex 
problems. At the highest level of policy determination, however, 
unnecessary complexity and diffusion of jurisdiction defeats the 
objective of public understanding or the accountability of government 
to the people. The President cannot reasonably be expected to decide 
personally on more than a relatively small percentage of policy 
questions cutting across agency lines. As a consequence, issues are 
often determined by staff in the Bureau of the Budget, or by members 
of inter-agency committees who have no public visibility and of whom 
the public or even the Congress has no real knowledge. The inadequa­
cy of the federal administrative system for resolving policy differ­
ences below the presidential level has been amply demonstrated. 
Coordination of natural resources and environmental policies has 
fallen far short of need because of the inflexible mission-orientation of 
many agencies, the lack of an adequate policy basis for accommoda­
tion, and the frequent absence of any responsible court of appeal in 
disputed cases short of the President himself. 

Of special relevance to the administration of environmental policy 
would be a plan to alleviate the coordinative role of the President by 
reducing the number, and upgrading the status, of cabinet level 
departments. A cabinet of from seven to nine super-departments 
organized around major national responsibilities could provide a 
manageable and more coherent extension of presidential power than 
the present structure which is especially diffused and inchoate for 
purposes of environmental policy. Among the new enlarged cabinet­
level agencies, a department for the environment and natural re­
sources could be established. 

This alternative would bring most of the present Departments of 
Agriculture and Interior together into the new super-department to 
which would be added agencies presently within the Department of 
Commerce (Environmental Sciences Services Administration), the 
Department of Health, Education and Welfare (air pollution and 
solid waste activities), and the Department of the Army ( civil 
functions of the Corps of Engineers). A new unit, the Water 
Resources Service, would combine inter-related activities now admin­
istered by the Bureau of Reclamation, the Corps of Engineers, the 
Soil Conservation Service and the Water Resources Councils. If 
energy is to be treated primarily as a natural resource, it would be 
logical to bring such independent agencies as the Atomic Energy 
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Commission and the Federal Power Commission into the new combi­
nation. It would also be desirable for this new cabinet-level agency to 
be called the Department of the Environment and Natural Resources 
or Department of the Environment, Natural Resources, and Energy to 
emphasize its responsibility for the protection and improvement of 
the environment as well as its concern with natural resources, 
especially those resources concerned with energy. 

Several points concerning this so-called super-department should be 
made clear. First, it is not likely to come into existence apart from a 
general reorganization of the Executive Branch. Second, its functions 
would be those of policy analysis, planning, and coordination rather 
than of management or operations. In this respect, it would resemble, 
in principle, the Department of Defense in contrast to the three 
operational departments under DOD's general coordinative jurisdic­
tion. The super-departments should not be called departments; for 
they do not correspond to the meaning heretofore associated with this 
term in Washington. They correspond, in fact, to what are called 
"ministries" in many other political systems. But perhaps we .Ameri­
cans still nourish a prejudice against this term, inherited from the 
days of colonial antipathy to the ministries of the English monarchy. 
Third, the super-department is no panacea. Yet a much better 
arrangement for coordinating and interrelating national policy for 
natural resources and the environment could be obtained under the 
super-department and still provide opportunity for appropirate com­
petition among agencies. Most of the obje'ctions to the super­
department idea have been raised in opposition to the DOD. Some of 
these objections are valid-every solution to an organizational change 
cannot be effective. It must be accompanied by concomitant changes 
in legislative authorizations, budget and appropriations procedures, 
policy clarification and staff reorientation. The fundamental question 
is not whether a radical change such as the super-department implies 
is politically feasible. If it is not feasible, it is because the nation is 
not yet ready to take seriously its worsening environmental situation. 
The fundamental question is what do we as a nation propose to do 
about the present and future state of our environment. The half­
measures now seriously considered for environmental administration 
will serve the half-hearted efforts that we are now making to salvage 
and safeguard our heritage in nature. If we, as a people, had the 
vision to see what must be done if the present quality of life in 
.America is to be maintained ( or possibly improved) the proposed 
organizational changes in the Congress and the Executive Branch, 
which have just been described, would not be viewed as visionary. 

The maladaptation of the present structure of the Executive Branch 
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for present and emerging environmental needs is a consequence of 
swift and far-reaching changes in American society. During the first 
century and a half of our national history, the role of government in 
relation to the environment was to open the country to economic 
development. To this era belongs such activities as Indian removal, 
railroad grants, river and harbor improvements, irrigation, the pro­
motion of agricultural settlement, waterpower and the exploitation of 
mines and forests. Early in the 20th century, the conservation 
movement arose in reaction to the profligate use and destruction of 
natural resources. By mid-century, however, this movement had 
evolved into a more fundamental effort for safeguarding the total 
environment and, where possible, restoring its damaged properties. 
President Lyndon B. ,Johnson identified this new level of public 
concern when in this message to the Congress on natural beauty 
(February 8, 1965) he declared: "Our conservation must be not just 
the classic conservation of protection and development, but a creative 
conservation of restoration and innovation. Its concern is not with 
nature alone, but with the total relation between man and the world 
around him. Its object is not just man's welfare but the dignity of 
man's spirit." 

The idea of government as protector and manager of the environ­
ment in the interest of all of the people is a relatively recent concept. 
It is only now beginning to be understood and accepted. Important 
development tasks in the traditional sense will continue to require 
national attention. But the major public responsibility for the envi­
ronment in the future must be the coherent management of its 
ecological-economic-esthetic and engineering aspects, with regard for 
its essential unity and in relation to the total range of human needs 
that the environment serves. A major task of reorganization therefore 
involves the reprogramming of those missions specified for federal 
agencies that are no longer of first priority relative to national needs. 
Legacies from an earlier era, they are locked into the law, the 
Congressional committee structure, the national budget, and the 
expectations of influential client groups at state and local levels. 
Many of the agencies engaged in transforming a frontier and agrarian 
nation into an industrial society could be reoriented so that their 
institutional experience and personnel could be applied to meeting the 
needs that all Americans now share. But it will take a very positive, 
persuasive, and imaginative effort to bring the personnel of these 
agencies to see this. Nevertheless, there are hopeful signs that in some 
agencies of the Federal Government this task of reorientation is 
already being initiated by far-sighted leadership within the agencies 
themselves. 
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IMPLICATIONS FOR LOCAL GOVERNMENT AND p ARTY POLITICS 

I would not be so foolish as to argue that these more radical 
changes in the Executive Branch must be made or that, if made, they 
will necessarily be undertaken in the 91st Congress or by the Nixon 
Administration. But I believe the trend to be in this direction. The 
trend is neither toward centralization nor decentralization of authori­
ty or decision-making. Trends move in both directions for different 
purposes. In relation to the personal role of the President there would 
be decentralization; in relation to naturally interrelating programs of 
separate federal agencies there would be greater policy centralization. 
And these actions, intended to clarify and strengthen federal policy 
for the environment are a necessary prelude to any really effective 
decentralization of responsibility to state, inter-state, or regional 
authority. The ability of the Federal Government to strengthen, 
support and cooperate with action at state and local levels would be 
advanced by greater clarity of purpose and coherence of policy at the 
federal level. The jurisdiction and the fiscal resources to deal with the 
major environmental problems of the nation are in the possession of 
the National Government. It is for this reason that concern for the 
state of the American environment should focus first upon the 
national level of policy and administration. Unless the National 
Government establishes a policy and provides national leadership for 
the protection and improvement of the environment, the governments 
of the states and localities cannot act with more than partial 
effectiveness. And it seeems certain that American public opinion will 
demand better performance on environmental protection from all 
levels of government. 

DISCUSSION 

MR. BLAIR: Before opening it to the floor, I would like to ask a question of 
Professor Caldwell. 

It occurs to some of us who labor in the jungles of Washington that we 
always start at the top in our reorganization efforts. Is there any low-level 
governmental reorganization that may be needed in this :field of human environ­
mentT 

DR. CALDWELL: You have to start at both ends. When I speak of reorganiza­
tion, I do not mean the mere reshuffling of the location of bureaus. This is not 
likely to accomplish much. The bureaus will still go on doing business as they 
have been doing it. 

You have to have reorganization that gets down to the speci:fic missions of the 
agencies. However, the reason we must concern ourselves particularly with the 
superstructure is that, to a large extent, what can and will be done at the grass 
roots depends upon the way policies are set and funded in Washington. There is 
much we can do to encourage, through appropriate national action, responses on 
the part of states and localities, and I don't underestimate the need for effective 
work at that level. However, in the time available it seemed wiser simply to speak 
to the federal side of this issue. 

MR. WALTER B. SMALLEY (Washington, D.C.): The population problem can 
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only be solved with food. The place we are going to get this food from is from 
the sea. I would like to have you comment on this aspect, if you will. 

CHAIRMAN STAHR: The human population will expand a.s long as it has a re­
source base on which to expand. If we were to unlock vast and unlimited sources 
of food, I think it would be the greatest disaster the world has known, because 
more food permits more people to survive to breed more people to need more 
food and creates an even bigger problem for the future. 

DR. CALDWELL: Food is not the problem except in parts of the world where 
currently there are threats of famine, but long before the human species gets 
to the point where it can no longer feed itself, it will have passed the point of 
toleration of the psychological and physiological stresses that have been referred 
to. We ought to disabuse ourselves of the thought right at the outset that food 
or shelter are the issues. It is not a question of how many people we can crowd 
onto the continents or of building platforms out on the ocean as some people 
suggest. Before we talk about that, we had better think a little bit about the 
social interactions. We would be very much misled if we felt food was the an­
swer to the problem of unlimited population. It is a total ecological process we 
are concerned with here. 

We are going to have to be very farsighted and wise to preserve as much per­
sonal freedom as we would like to preserve in the world ahead. But if we let the 
population run away as it is now doing, the amount of personal freedom anybody 
is going to have will be zero. You will probably have to live in essentially militar­
ized states. The people who ought to be most aware and most concerned about 
this are those who believe in free enterprise in the market economy, because 
these are the first who will be eliminated when you have a totally regimented 
society. 

CHAIRMAN STAHR: You know, I promised you a stimulating afternoon and I 
think we are producing it. However, time as well is an element and so we must 
go on to our next speaker. 
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On behalf of the League of Women Voters I should like to 
congratulate you upon the choice of theme for your conference this 
year-"Conservation In An Urbanizing Society." This choice denotes 
a concern and an awareness of the fact that the problems of human 
resources and natural resources are inextricably interwoven. My 
organization shares this attitude with you and welcomes the dedicated 
conservationist as an ally in trying to find the means to cope with the 
monumental problems facing people and with the relationship of 
people to their physical environment. 

The need and the dimensions of the resource crisis of the 1970's has 
been well documented and eloquently expressed during the past two 
days of this conference. It is altogether appropriate that this final 
session be devoted to the actions needed for the job ahead. The League 
is honored to have this opportunity to share with you our thoughts on 
how to broaden the base of those who seek solutions to conservation 
problems in an urban age. 

BARRIERS TO ACCEPTANCE OF CONSERVATION'S CAUSE 

It occurs to me that there is merit in attempting to identify the 
blocks which exist before trying to propose solutions. Therefore, I 
pose the basic question: Why haven't people in cities flocked to 
conservation's banner? Supported conservation causes in large num­
bers? Assisted in funding conservation needs enthusiastically? Ap­
plied the skill and knowledge of the conservationist to urban environ­
ments? I am sure there are many psychological and human factors 
involved in the response to this question, but in our few moments here 
together I should like to suggest three basic blocks to the acceptance 
of conservation's cause by urban leadership and to propose three 
basic remedies for these blocks. 

To my mind, the first and most predominant block is lack of 
identification on the part of "city people" with conservation groups. 
Conservationists have somehow failed in semantics and in human 
contact with those who live in urban areas, failed to communicate real 
concern for their physical environment and their conservation prob­
lems. If you live in an over-populated area with little or no open 
space, few parks, only an occasional tree-if you are accustomed to 
the fumes which accompany city life, unable to swim in the closest 
river, it is difficult for you to relate these problems to the image 
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which is evoked by the word "conservation." To the average urban 
dweller "conservation" means something which has to do with the 
Grand Canyon, the deer hunter, the fisherman, and the bird watcher 
but has little or no relevance to the city dweller and his daily 
problems of existing in a metropolis. If he thinks about these things at 
all, it is in terms of making his vacation plans or the amount of the 
tax dollar that is being spent to support camp grounds, clean up the 
oil slick off the California Coast, or build a dam in the West. It is 
something "out there," and those who are conservation adherents are, 
to him, for the most part, almost as alien as a man from outer space. 
It would never occur to the usual city resident, unless he has deep 
roots in the soil or an unusual concern for his environment, to seek out 
the local chapter of any of the numerous conservation groups in his 
area. The city dweller simply does not identify the word "conserva­
tionist" with himself nor the word "conservation" with his urban 
physical discomforts. 

The second major block follows along the same line. In addition to 
lack of identification with conservation groups, the urbanite fails to 
identify his environmental problems as conservation problems. He 
knows he can't swim in the river at his doorstep because it is 
polluted-or catch fish in it-or go boating on it-but he fails to make 
the connection between this fact and the conservation groups which 
worked so hard during the setting of water quality standards last 
year. He knows the trees on his block are dying-or being removed to 
make way for a wider street or an urban renewal project-but he 
makes no connection between this loss of trees and the work of 
conservation groups with urban planners and city engineers and the 
state resource agency to save some greenery-some open space in the 
city. He knows that when it rains his newly-developed area is a sea of 
mud, his basement is flooded, his street impassible, but he doesn't 
think of this in terms of the work conservation groups have done in 
the establishment of building procedures to prevent soil erosion or to 
achieve comprehensive planning. The urban man does not regard any 
of these problems as conservation problems. He sees them as problems 
of city government, or the price of progress, or a fact of life with 
which he is so accustomed to co-exist that he ceases to see it at all. 

The third block to vital growth in conservation groups from the 
urban segment is lack of awareness on the part of the latter of the 
aid, the expertise, the warmth, the helping hand-which is available 
to him from conservation interests, both public and private. Somehow 
in the barrage of words from conservationists, we have failed to 
convey the message that we care for people as well as trees; for the 
city as well as the country ; for man as well as moose ; for the city 
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park as well as the national park. We have also failed to give high 
visibility and priority to the tools and the technology possessed by 
conservationists to remedy some of the ills of the city. We have not 
related well the know-how and willingness of conservation leaders to 
serve the cause of urban environmental problems-nor have we 
crossed the semantics barrier which exists. 

There has been much debate in the past few years about the terms 
"conservation" and "preservation." To the uninitiated the meaning 
of either term and the distinction between them is cloudy. In the 
minds of city dwellers, the issue is no more resolved than it was in the 
last century. I personally prefer the definition of Dr. Raymond F. 
Dasmann, Director of Environmental Studies for the Conservation 
Foundation, who says, "Conservation is now defined as the rational 
use of the environment to achieve the highest quality of living for 
mankind." This definition has relevance to urban areas and sets forth 
a goal and a hope of a quality environment for urban as well as rural 
areas. 

These three blocks, then, I see as the major problems­

-city dwellers don't identify with conservation groups 
-city dwellers don't see their environmental problems as conserva-

tion problems
-city dwellers are unaware of the tools and the willingness of

conservationists to assist them.

WAYS TO OVERCOME THESE BLOCKS 

How to overcome these problems? I am going to propose in explicit 
and somewhat elementary terms some possibilities to you, because I 
believe that this is the point at which we must cease to be philosoph­
ical and be practical; this is the point at which we must stop being 
theoretical and become concrete. 

First, conservationists must show a renewed interest in the people 
and the leaders and get to know those who live in the city. We must go 
to them-where they live-and speak their language. This power 
structure will not be the one with which we are accustomed to dealing, 
and it will not always be either pleasant or polite. There will be 
resistance and disbelief, apathy and a tendency to regard you as 
dreamers who live in an unreal world. You will need to seek out, at 
every opportunity, the leaders of urban groups, the spokesmen for the 
ghettos of the inner city, the heads of labor unions, the officials of city 
government. You will need to work to identify the people who are 
interested in the cities and the people who live in the cities. As in 
approaching any other new audience, you will need to make new 
contacts and learn about them in advance. What are their goals? 
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What motivates them? You will need to be prepared for rebuff, for 
you will be seeking out not conservation's natural allies-as we so 
often recommend-but its un-natural allies! 

Urban dwellers do not automatically care about the same things as 
conservationists and so the burden of proof is on you-to commit 
yourselves for the long haul; to prove that you care what happens in 
the cities; to show that you are willing, indeed eager, to accept these 
citizens as co-workers and make their causes yours. You will need to 
work more intensively with the ward politician, the city planner, the 
urban renewal architect, the businessman's luncheon group, the 
community action boards. 

The mantle of purity and the aura of pristine virtue which 
surrounds the concept of conservation in the minds of the man on the 
city street must be blown away. You will need to demonstrate 
graphically your willingness to identify with the city. An important 
principle of opinion-building-the identification principle-is in­
volved. To accept an idea or a point of view, the people we are trying 
to reach must see clearly that it affects their personal desires, their 
hopes, or their interests. Identification has to do with self-interest. 
The problems which concern conservationists must be made meaning­
ful to city people in ways that are observable and measurable from 
the point of view of their lives, in ways they will understand, in ways 
that will cause them to act. 

How do we do this? Mainly it requires the ability to see things as 
others see them. We must project ourselves into the minds of other 
individuals or groups whose background and point of view may be 
quite different from our own. Such projection requires understanding 
and imagination, but you are imaginative people. Developing this 
ability to understand the attitudes and emotions of others will make 
the difference in bridging the communications gap which faces 
conservationists as they attempt to enlist city residents for their 
causes. 

In order to further identify conservation groups with urban res­
idents, we need to face the second block-that of helping these 
citizens to see their environmental problems as conservation problems 
and our goals as relevant to them. Perhaps the best way to achieve 
this is to try to bring it all closer to home. For example, those who live 
in the city do care where their children play, they do want to be able 
to find a green belt and some open space in or adjacent to the city 
proper. These are goals which they can understand and can identify 
with close to home, and it is with these immediate concerns that 
conservationists must cope if they are going to reach and motivate 
this wider base. 
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People do not buy ideas separated from action-either action by the 
sponsors of the idea or action which people themselves can take to 
prove the merit of any idea. Unless a means of action is provided, 
people tend to shrug off appeals to do things. 

Another basic axiom is that people must be involved in the selection 
of the goal in order to care about its achievement. Therefore, it 
behooves us, in opening our dialogue with the city, to attempt to find 
out what not only the leaders but the people want in the regeneration 
of their city. 

When you know what the people who live there want for their 
neighborhood, you will know how you can help them take some 
productive action to get it. One good case history of a small project in 
a major metropolitan area-a new park established or an old one 
saved-a place for walking, picnicking, relaxing, just beyond the city 
limits-a small waterfront area which offers brief respite from a 
bustling city-any of these things will do more to bring adherents to 
conservation from the ranks of the population of that city than 
thousands of acres added to a national park 2000 miles away. 

The need is great for higher visibility to be given to the desire and 
the ability of conservationists to assist in achieving a quality environ­
ment in urban areas. We must devote as much thought, as much 
creativity, and commit as much personnel and funds to this end as 
to reaching citizens in other areas of American life. Conservation 
programs, publications, possibilities for action must be made a part of 
the program of every organized group in the city if the message is to 
be extended. A great deal more needs to be done through the schools, 
and children need to be reached at a much earlier age. 

Young urban people will determine the environmental decisions of 
tomorrow. Their attention must be caught today. 

Go to the schools, the news media, the power structure, the 
community organizations, the government in the cities and volunteer 
your group's ideas, personnel, and funds to help in rejuvenation of 
this nation's cities-for failure to do so leaves the ultimate resolution 
of these questions in the hands of people to whom conservation is only 
a word. 

CONCLUSION 

These then are the challenges and choices that I see for conserva­
tionists who want to broaden their constituency. The challenges: lack 
of identification of city residents with conservation groups, lack of 
relevancy of conservation issues to city problems, lack of awareness of 
what conservationists can and are willing to do to aid in rebuilding 
our cities. The choices: to show an interest in urban problems and to 
meet urban residents on their ground and speak their language; to 
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bring conservation causes closer to home; to make available and to 
commit, with renewed vigor and open-mindedness, conservation's 
talents and money to these ends. 

In our ultimate desire to preserve the future, we cannot afford to 
neglect the present. Entire generations grow with scarcely the exist­
ence of a green tree naturally grown or a cluster of wild flowers in 
a field. What dreams can we expect of eyes which have known only 
sooty concrete and steel? Evermore, urban man finds himself a 
particle of a metropolis but part of no community; alone against all 
the problems and nothingness a world beyond his ken has devised. 
And yet it need not be so. Never before in the history of the world 
has man possessed so much wealth and power, been master of so much 
technique and knowledge. It would truly be ironic if he could not 
bond all that experience and strength to the service of the preserva­
tion of his chosen home. 

There is, in this room today, the imagination and the knowledge to 
lead the way to a new understanding of the relationship between 
conservation and the urban community. The continued survival of the 
new broader definition of conservation may very well depend upon 
how well the communication gap with this new constituency can be 
bridged. It deserves your best men and women, your greatest sense of 
purpose, your highest priority. Knowing you, I believe you will 
accept this challenge as you have so many others. 

DISCUSSION 

CHAIRMAN STAHR: Thank you for that excellent presentation. 
In the spirit of the ecumenical approach to the problems of the conservation 

movement, I would like to invite all of you to come to St. Louis the last weekend 
in April, where a dialogue will be taken up again at the National Audubon Con­
vention. All interested people are welcome. 

I now give you a man who is spending more energy, thought, imagination, 
drive and effectiveness than one sees in connection with most conventions to make 
this the tremendously successful convention that it has been-Mr. Pink Gutermuth. 

MR. C. R. GUTERMUTH (Wildlife Management Institute): Dr. Stahr, I want 
to thank you and all of the panelists, for your presentations, and all of you, for 
helping us out in this important matter today. 

Now, we come to the final presentation, the appraisal of the Conference pro­
gram, which is something that many people look forward to. To present this to 
you we have imposed upon a good friend, one of the leading and outstanding 
conservationists in this country-the president of the Resources For The Future 
in Washington, D.C., who will give us his views on this important international 
Conference-Dr. Joseph L. Fisher. 
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REFLECTIONS ON THE CONFERENCE THEME: 
CONSERVATION IN AN URBANIZING SOCIETY: 

An Appraisal of the Program of the 34th North American 
Wildlife and National Resources Conference 

JOSEPH L. FISHER 

President, Resources for the Future, Inc., Washington, D. 0. 

Let's face it. To give you now an appraisal of the entire conference 
program-which is what the printed schedule of events calls for-is 
beyond me. By my count there have been 49 presentations thus far. 
With a good deal of huffing and puffing I might be able to relate these 
papers, each one interesting and important in its own right, to the 
central theme of the conference: Conservation in an Urbanizing 
Society. But I haven't the energy, time, or ingenuity to do it, and 
perhaps after three days in attendance at these meetings you would 
not have the patience to listen even if I tried. 

But I do have a few major points on my mind. Above all, it is 
altogether a good sign that the North American Wildlife and Natural 
Resources Conference is devoting itself this year to the matter of 
conservation in an urbanizing society. The papers I have heard this 
afternoon, and others that I have read, are stimulating. This confer­
ence, I take it, is part and parcel of the increasing awareness that 
those primarily (lOncerned with the rural and back country now have 
for the difficulties facing city people. After all, most of the hunters, 
fishermen and outdoor recreationists come from the cities, and most of 
the raw materials produced on farm, forest, grazing, and wildlands 
are destined to meet the demands of city folk. More than 70 percent of 
the people in the country now live in urban areas, and this proportion 
is growing steadily. Industrial plants are concentrated in the urban 
areas near to the people; the people and the plants together account 
for most of the wastes and pollutants which are dumped into lakes 
and streams, the atmosphere, and onto the land. In any list of im­
portant developments during the last few decades, urbanization has 
to be near the top. And from now on, I suspect, no significant 
program can be launched or decision made anywhere in the country 
without checking it out in terms of its relation to urban matters. But 
this is belaboring the obvious. 

In an urban America that is becoming still more urban, here are 
some of the developments in concept and action that I think are 
needed if conservation is to reach its full stature. The needed de­
velopments I shall mention do not add up to a complete list, and I 
haven't time to develop them adequately. But what I am going to say 
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will let you know how my thoughts are running. A.nd I believe 
progress toward them will be helpful to the conservation cause and to 
our urbanizing society. 

First, I think a clearer, more comprehensive statement of conserva­
tion goals will be helpful-a statement attuned to the highly urban 
situation in which the country finds itself. These goals will have to be 
stated in terms the urban dweller can understand: the hunting, 
fishing, and outdoor recreation possibilities available to him; the 
amount of money it will cost him to go to these places and enjoy these 
activities; the benefits of a clean and pleasant urban environment and 
what he will be required to do if this is to be achieved. A.ny new 
statement of conservation goals will have to put much more emphasis 
on environmental quality and natural beauty, in the urban as well as 
the rural setting, than has been given in earlier periods. For example, 
sustained yield as a goal for forestry is already being redefined so as 
to include a certain amount of wilderness preservation and much 
outdoor recreation, as well as timber production and water retention. 
Goals for soil conservation will have to deal with algae blooms in 
estuaries and lakes, caused by excessive runoff of phosphorous and 
nitrogen compounds contained in farm fertilizers, as well as with 
erosion of the soil particles themselves. But beyond this, the more 
traditional statements of goals in terms of forests, soil, water, and 
landscape need restatement, or reframing, in terms of human and 
social development goals. What role should conservation play in the 
reduction of poverty, the amelioration of racial conflict, the enhance­
ment of clean cities, and the reduction of urban ugliness 1 What 
bridges can be built between what is called neighborhood conservation 
in cities and the kinds of outdoor resource conservation tb,is annual 
conference typically deals with 1 

In my restatement of conservation goals there is no place for the 
"antipeople" viewpoint which many persons, rightly or wrongly, still 
attribute to the conservationist. Nor is there much room in my view 
for the scare approach-that the earth is about to be ruined utterly by 
additional billions of untidy, thoughtless people using up raw materi­
als and messing up the landscape. I do not think people can be scared 
into good conservation; they must be educated and persuaded to it, 
and shown how it can be managed and reconciled with legitimate 
aspirations for a rising material level of living. 

Second, I see a need for a broader, more inclusive, and more so­
phisticated concept of multiple use management of natural resources 
and natural resource areas so as to include urban factors. We con­
servationists have wasted a good deal of energy, intellectual and 
otherwise, in the fight between single-purpose and multiple-purpose 
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use. We need to re-think the matter and draw a conceptual circle that 
takes both groups in. In natural areas of any size, we should expect a 
number of uses, but particular smaller parts of the area may be 
dedicated to single uses, or at least single uses at any one period of 
time. For example, in forest areas that I know quite well in Maine, 
Virginia, Colorado, Oregon, and Alaska, certain parts might well be 
preserved in an almost wild state, other parts along the margins of 
lakes and rivers could be wisely reserved for recreation, while 
extensive parts would be available for well-managed forestry oper­
ations. The challenge is to plan the use and management of natural 
areas so that different parts may be used for those purposes of highest 
economic and social value, in some instances with a variety of uses 
pursued simultaneously and in others with uses pursued in sequence. 
The single-purpose vs. multiple-purpose conflict tends to erode when 
viewed in this light. The time clearly has arrived when all natural 
areas will have to be managed, not only for timber production, 
livestock, agriculture, and outdoor recreation, but also for wilderness 
preservation. 

Especially important will be to build into this new concept of 
multiple-purpose management ample provision for the variety of 
urban-based uses, including raw materials that go into industrial and 
consumer goods, outdoor recreation in its numerous forms, and just 
the sheer notion of preserving some wilderness areas relatively 
untouched. It isn't that many urban people will want to go into the 
wilderness, but most of them, I am convinced, value the idea that 
there is wilderness somewhere that somebody can visit occasionally. 
But, let it be noted, even the wildest of wilderness areas in the future 
will have to be protected and managed for that purpose. 

Third, I come to the waste disposal problem. This is primarily an 
urban problem, although rural people are pretty good at messing up 
the landscape and the water courses; it's just that there aren't so 
many rural people and they are more spread out. The main thing here 
is to make the waste disposal part of the total concept of the process 
of production and use of resources and the environment, and not 
something extraneous and even irrelevant to these processes. If busi­
ness firms or, for that matter, individual citizens look upon their 
activities which involve the natural environment as extending only to 
the point of production or consumption and not beyond into the 
phases of coping with the wastes and. messes that may result, then 
something is basically wrong. If cleaning up the remains; could 
become part of our habits and normal patterns of thinking, we should 
be much better off indeed. But unfortunately this is not so; we have 
inherited quite different ways of looking at the waste phenomenon. 
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Now we are faced with the very difficult task of changing our 
attitudes toward waste and our usual forms of behavior so as to 
enlarge the scope of responsibility of those who use the natural 
environment. Too long have we separated the producers and users and 
dumpers, as Stewart Udall calls them, from the job of tidying the 
place up. It is another of those bedeviling dualisms that run through 
American thought and action. 

I can speak feelingly here from my own professional field of 
economics. The concept of gross national product has become one of 
the economist's most useful instruments of measurement. In another 
two years our GNP will break through the one trillion dollar ceiling. 
Unfortunately too much of our gross national product is really gross. 
It includes the value of all kinds of goods and services, some of which 
are shoddy if not downright harmful. It also includes the cost of such 
cleaning up of the mess as we begrudgingly do. The conservationist's 
national product, I suppose, would be the conventional gross national 
product minus the total national effort that would be necessary to 
restore the environment to a satisfactory condition and maintain it in 
that state. 

Among economists conservation is usually regarded as a set of 
activities that aims to shift resource uses from the present to the 
future, and that would be reflected in a lower rate of discount of fu­
ture net benefits. The modern economist might now go on to say that 
conservation also is a set of activities that aims to transfer labor and 
economic effort to the cleaning up or prevention of deterioration in 
environmental quality. Americans will become more truly affluent in 
proportion to their success in diminishing effluents. Increasingly we 
must design our laws and enforcement procedures, our systems of 
taxes and incentives, and our whole educational apparatus to bring 
waste disposal activities within the ambit of ordinary production and 
consumption processes. We are not done with the process when we 
produce the automobile or ride in it; we are truly done with it only 
when we have recycled the wrecked and abandoned jalopies back into 
the production-consumption system or have disposed of them in such 
a way that they no longer detract from the scenery. Americans, it is 
said, worship automobiles; if this is true we ought to reincarnate the 
dead ones into new cars or other useful products, or at least give them 
a decent burial. 

Fourth, we don't know nearly as much as we should about why 
people do what they do with resources and to the environment. It is 
easy for the "pros" in any field to misapprehend what the people 
really want, to become out of touch with the way things really are. I 
think conservationists are right in their conviction that people want 
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clean air and water, an unlittered landscape, and an end of bill­
boards; but I'm a conservationist myself and may not see these things 
straight. There is the existential situation: lots of people do throw 
beer cans out of their car windows, and even more people pass by 
without picking them up. Maybe the beer cans are not quite so 
offensive as I think they are. Or, I become disturbed when more than 
a few hunters, fishermen, or picnickers cluster in the same area; but I 
notice that this feeling frequently is not shared by the others who 
seem to enjoy lots of cqmpany in the great out-of-doors. 

What is needed, of course, is a wider and deeper perception of how 
individuals, alone and in groups, regard the natural environment, 
what they want from it, and how much effort and money they are 
willing to devote to maintaining its quality. This kind of research 
falls to the psychologists and sociologists primarily, but also to the 
architects and planners. Understanding the visual perception of the 
city and the country, on the part of both city and country people, is 
basic to workable conservation programs. The time perception of the 
environment is equally important: why are some people able to look 
way aJ1ead to the future environmental consequences of present 
actions, while others can't see beyond the day after tomorrow? 

Our notions of crowdedness seem to me rather primitive; they take 
insufficient account of structural and management devices for over­
coming it. I went camping in a state park not long ago. Everyone 
there complained of overcrowding in the park. What they really 
meant was that the single available campground was overcrowded. 
But with some good landscape planning and some funds for addition­
al roads and facilities the park could easily have accommodated ten or 
a hundred times as many people with no sense of crowding. In that 
case the perception my fellow campers had of the park and the 
camping experience would have been altogether different. Recreation 
carrying capacity hinges largely on the quality of planning and 
amount of investment in development. 

We are only beginning to disentangle the numerous subjective and 
objective elements that make up a pleasing environment; yet this is 
the necessary first step in planning better environments. This goes for 
the city environment, the suburban environment, the rural environ­
ment, the wilderness environment. To be successful, conservation, like 
other programs of action, must be based on knowledge and the 
research which builds knowledge. 

Fifth, if conservation is to become more relevant to an urbanizing 
society, conservationists must contemplate more seriously the creation 
of some new institutions through which to do the job. To begin with, 
many more land and water areas will have to be acquired or otherwise 
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dedicated to outdoor recreation and preservation of natural beauty. 
Inter-jurisdictional authorities, federal and state loan and grant 
programs, alliances between particular cities and particular rural 
counties, and large city-country regional arrangements are among the 
possibilities. The Land and Water Conservation Fund has given new 
momentum to the acquisition and development of new recreation 
areas. The Nature Conservancy is moving dynamically and flexibly to 
maneuver additional land from private hands to public or trust 
status. 

For some time I have been advocating a Maine Coastal Park and 
Recreation System, under combined state, local, private, and perhaps 
federal auspices, which would ultimately be made up of hundreds of 
choice scenic and recreation areas scattered along the 3,500 miles of 
the Maine coastline. These areas would be acquired as individuals 
wanted to sell or grant preservation easements; no land would be 
condemned. All the areas would be developed and managed at high 
standards of attractiveness and service, and would be publicized as an 
inter-related system of coastal beaches, rocky promontories, wooded 
hills, nearby lakes, and off-shore islands. Privately held areas could 
also be included as long as they measured up to the standards. Some 
35 million persons live within the Boston-Washington megalopolis, a 
day's drive away, or two at the most. Some half a billion Europeans 
and North Americans are within a day's jet flight. Special efforts 
should be made to attract urban visitors from both groups. But all of 
this-with appropriate variations this systems approach could be 
applied elsewhere-will require new institutions, new kinds of plan­
ning, finance, and management if the inherent possibilities are to be 
realized. 

Each city or metropolitan area in the country ought to be thinking 
in terms of its own park and recreation system, which would include 
not only areas within its own boundaries but also more distant areas 
offering mountains, forests, shoreline, and other features not usually 
available within cities. Frequently urban jurisdictions can concert 
their efforts along these lines, as in the case of the nearby Northern 
Virginia Regional Park Authority. In developing these systems 
people more than nature should be at the center of concern, and the 
new institutions should reflect this orientation. 

Finally, I want to say a few words about the need to re-examine for 
an urbanizing America the whole structure of concepts, attitudes, 
instrumentalities, and programs which go under the heading of 
conservation. The conservation movement grew up out of a concern 
for forests, fish and wildlife, river development, wilderness, and soils. 
Conservationists tended to worry mainly about preserving enough of 
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these things and were oriented to the natural sciences and engineer­
ing works. More recently, especially right after the second World War, 
the press of a rapidly growing population on the resource base became 
the central issue. More recently still, as it became apparent that new 
technology, substitutes, and economic advance generally could proba­
bly cope with tendencies toward increasing scarcity (at least in North 
.America) for the next few decades, concern shifted to the quality of 
the natural environment rather than the sheer quantity of raw 
materials. Urban and industrial growth seem rather suddenly to have 
carried us into a danger zone in which environmental degradation and 
waste disposal problems threaten to engulf us. New technology adds 
problems faster than means for handling them can be readied-the 
SST with its sonic boom; conventional electric plants with their 
thermal pollution; nuclear power plants and problems of handling 
radioactive wastes; even the non-returnable, non-destruetible bottle 
with its plastic permanence on the landscape. With all this has come 
also the clamor of millions of people for a cleaner, healthier, more 
attractive environment. The Virginia Legislature meeting now to 
revise the state constitution, is debating a new article guaranteeing the 
right to a clean and pleasant environment; a proposal to amend the 
federal constitution in the same way is also under consideration. 

The rethinking and restructuring of conservation that I am calling 
for will have the following characteristics, among others: 

-It will be based on people, their habits, desires, and modes of
behavior, as much as on natural areas, wildlife, soil, and water. It

will make full use of the insights of the behavioral and social
sciences as well as the natural sciences.

-It will take full account of the overwhelmingly urban and
urbanizing aspect of our society; that is to say, conservationists
will aim to contribute to the solution of the great urban problems
of crime, delinquency, lack of open space and fresh air, poverty,
transportation, education, racial tension, riots, and need for
outdoor recreation.

--It will conceive of new institutions and programs, whole new 
concepts of resource and environmental management and use, 
which will incorporate urban and rural resources, urban and 
rural governments, urban and rural people . .And it will extend to 
all the countries and peoples of the world. 

-It will foster new educational approaches at all levels and in all
subject matter fields and disciplines so that the coming gener­
ations, nearly all of whom will live mainly in cities and suburbs,
will understand better what will be required of them if the good
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earth spoken of so eloquently by the astronaut last Christmas 
Eve is to remain good. 

-It will, in short, fashion a human ethic to go with Aldo Leopold's
land ethic in which the quality of the natural environment and a
sufficiency of resource materials and services will be placed in the
perspective of the rising quality of life itself on this planet
toward which all persons at their best will strive.

CLOSING REMARKS 

C. R. GUTERMUTH

Vice President, Wildlife Management Institute, Washington, D. C. 

Thank you very much, Dr. Fisher. That was a splendid summary. 
Joe, we are most appreciative of your efforts in preparing an out­
standing resume. 

I am delighted to see this large crowd still here at the closing hours 
of this Conference. We have come to the end of another very 
successful North American Wildlife and Natural Resources Confer­
ence. 

In closing, I want to pay our sincere respects to Dr. Walter 0. 
Hanson of the Forest Service, who represented The Wildlife Society 
this year. He was of tremendous help. 

You know, it is always a big job to put this Conference on. We will 
be starting again in a few weeks with plans for next year and will 
launch right into work on the next Conference. Walt did an outstand­
ing job this year. We are most appreciative of the help and cooper­
ation we have gotten from him and from his predecessors of former 
years. 

We are also grateful to the working press. The coverage has been 
good. I have not had a chance to see a newspaper recently, but have 
recently heard reports that they have done a good job. 

I know that Dan Poole has worked hard, not only in helping to 
formulate the program, but in preparing the papers that have been 
made available in the press room. 

We want to thank the Washington Convention and Visitors Bureau 
for its assistance in helping with the registration and other details 
of this meeting in Washington. 

I believe that all of you will agree that the Washington Hilton has 
done a good job. The food has been good, the service has been ex­
cellent, the meeting rooms have been adequate, and we are most 
appreciative. 

With regard to the registered attendance, if we were interested in 
the numbers game and had I realized before they closed the registra-
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tion that we were within one person of the all-time record registered 
attendance, I would have gone out and pulled someone off the street. 

At any rate, in 1935, at the first North American Wildlife Confer­
ence, we had a registered attendance of 1372 people. In 1953', here in 
Washington, the next closest figure showed a drop to 1356. In 1957 it 
went back up to 1372; and here we are today wit ha registration of 
1371, which is within one person of the top figure !1 

Of course, this doesn't mean anything because, as you know, we do 
not make a charge or give any incentive for registering. I know that 
there were many people present who did not register. Even at best, 
we never get over about 80 percent registration. 

Incidentally, from talking with people at the reception last night, I 
found we had about a fourth of the United States Senate here last 
night. We also had a goodly number of members of the House of 
Representatives. 

We are now at the close of our meeting and, as I always do, I want 
to pay my respects to the Institute staff and to our field men all of 
whom are of tremendous help in putting on this Conference. I am 
not sure that he average person who comes to these meetings year 
after year fully comprehends the fact that the Wildlife Manage­
ment Institute staff works the year around on this Intenational 
meeting. 

Rose Deiter, my secretary, hasn't been doing a thing for weeks 
except work on this Conference, trying to take care of the listings and 
bookings of the members of Congress and everybody else that we had 
at the banquet. Therefore, I want to thank not only Rose, but the 
members of the field staff who have been in charge of the meetings 
and looked after all the details. I want to thank Jim Trefethen also. 

In closing, I wish to have those patient ladies who put up with 
our conference work year in and year out stand up-Mrs. Gabrielson 
and my wife, Bess, who, as of our anniversary last night, has put up 
with me for 47 years. Therefore, I would like to have both Clara and 
Bess stand. 

The same expression of appreciation goes to Dorothy Poole. 
We are going to Chicago next year. The Thirty-Fifth North 

American Wildlife and Natural Resources Conference will be held at 
the Palmer House from March 22 through 25. The National Wildlife 
Federation will meet immediately ahead at one of the other hotels in 
Chicago. 

With that, I hope I will see many of you at the other conservation 
meetings throughout the year. Joe Fisher, thanks again for the 
magnificent job you have done. This meeting is now adjourned. 

1Late registration brought the total to 1379. 
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Dick Hubbard, Cong. & Mrs. Harold Johnson, Howard R. Leach, A. Starker Leopold, Ken­
ton C. Lint, Mrs. Kenton C. Lint, Wally Macgregor, Micha.el McCloskey, Ray J. Nesbit, Rich­
ard S. Peterson, Thomas W. Riley, A. Edwin Smith, Richard D. Teague, Julius Von Nostitz, 
Marshall White. 

COLORADO 

Senator Gordon Allott, L. Paul Applegate, Maurice D. Arnold, Alex Cringan, John W. 
DeGrazio, James H. Enderson, Robert L. Evans, Floyd L. Getz, D. L. Gilbert, Mr. & Mrs. 
A. F. C. Greene, Jack E. Gross, Roger P. Hanson, Peter Hansson, Mr. & Mrs. Ralph R. 
Hill, E. H. Hilliard, Jr., E. R. Kalmbach, Charles M. Loveless, Terry A. McGowan, Charles 
L. Mahoney, Julius G. Nagy, Wayne W. Sandfort, Ron J. Slonaker, Dwight R. Smith, 
Dr. & Mrs. Gustav Swanson, Florence Towsend, Joe Townsend, Charles Wallmo, Harry R. 
Woodward. 

CONNECTICUT 

John M. Anderson, Theodore B. Ba.mpton, Philip Barske, Mr. & Mrs. S. H. Berwick, 
Mary Anne Berwick, John A. Bissonette, Douglas L. Brooks, Charles Dickey, Rudy Frank, 
Michael J. Gawel, Peter A. Jordan, E. S. Mccawley, Jr., Robert D. McDowell, Stan Quick­
mire, Edward Ricciuti, Charles 0. Williams. 

DELAWARE 

Lloyd Alexander, Frederick C. Bonner, William K. duPont, Anthony Higgins, Robert E. 
Jones, John T. Linehan, Betty J. Linehan, Robert Munro, Robert W. Patton, Mrs. John H. 
Prest, Wilbert Rawley, Mr. & Mrs. John W. Whitby, Norman Wilder, George R. Wright. 

DISTRICT OF COLUMBIA 

John H. Abrahams, Jr., Arthur C. Allen, Clark P. Baker, Richard C. Banks, T. S. 
Baskett, James E. Beach, J. P. Biniek, Geor�e F. Blackburn, John G. Blair, John Stuben 
Bord, MD, Walter S. Boardman, Harry K. Bourne, Stewart Brandborg, Charles T. Broy· 
hill, Mrs. Marguerite Broyhill, Betty Brubaker, Maria Buchinger, Noble E. Buell, Gardiner 
Bump, Robert Cahn, Hon. J. Phil Campbell, John Carver, Warren L. Cheek, Ernst Christen­
sen, Louis S. Clapper, Ed Oliff, Lawrence V. Compton, Harold J. Ooo!idge, George Crossette, 
H. E. Crowther, Frank Daniel, Stuart Davey, Raymond F. Dasmann, Maj. Gen. H. C. 
Davidson, Jeanne Davis, Robert L. DeLong, Robert T. Dennis, Thomas E. DeVaney, Philip 
A. Douglas, Philip A. DuMont, Allen J. Duvall, James T. Dwyer, W. W. Dykstra, Rev. 
Edward L. R. Elson, Fred Evenden, Fred S. Farr, F. H. Farrar, Jack Fauntleroy, Joseph L. 
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Fisher, F. Fraser Darling, John George, Chuck Giesey, Bill Gilmour, H. R. Glascock, Jr., 
Cass Gluszek, Mr. & Mrs. John S. Gottschalk, Kenneth E. Grant, William C. Grayson, Mr. & 
Mrs. C. R. Gutermuth, John L. Hall, Donald Hankla, Reynolds Harnsberger, John Harper, 
Mary Hazel Harris, Van T. Harris, Bill Hart, George W. Hartzog, Jr., Martha T. Hender­
son, Jack Hess, Willis L. Hobart, E. J. Hodges, Mrs. E. J. Hodges, Fred Hornaday, Sydney 
Howe, George Huber, Mr. & Mrs. Michael Huduba, Lynn H. Hutchins, Robert F. Hutton, 
Anthony Inglis, Raphael Jingu, Carl J. Johnson, John C. Jones, Mrs. Wilma A. Jones, 
Lt. James J. Jordon, Stuart Kaufman, Hubert Kelley, L. H. Kelso, Dick Kerr, Thomas L. 
Kimball, Willis King, Paul Knight, Mrs. Rosalie M. Koch, Capt. R. A. Kotrlaugn, Al Kubota, 
Emma Kuretich, Lee LaCombe, C. H. Lawrence, Mrs. Cazenove Lee, Mrs. Kenneth D. 
Lester, Miss Rae T. Lewis, Dr. & Mrs. Joseph Linduska, Mrs. Donald C. Lusen, James T. 
McBroom, Joseph M. McCabe, Keith R. McCarthy, J. C. McClellan, Mr. & Mrs. Donald A. 
McCormack, Mr. and Mrs. John C. McCormack, John R. McGuire, Ray McGuire, Bob 
Martin, Mr. & Mrs. John Mattoon, Howard A. Merrill, Edward J. Michelson, Herbert H. 
Mills, Gale Monson, Joe C. Moore, Cliff Morrow, Kerry A. Muller, Michael Nadel, Gerald M. 
Nugent, Rice Odell, E. A. Oren, Bernie W. Palas, Kenneth B. Pomeroy, Richard Pardo, 
Jerry Parker, Lloyd E. Partain, Milton A. Pearl, Ted S. Pettit, Daniel A. Poole, Sal J. 
Prezioso, Harry K Radcliff, Boyd L. Rasmussen, William L. Reavley, Louis Reed, Neil J. 
Reid, Dwight F. Rettie, James A. Richardson, S. Dillon Ripley, George C. Ruhle, R. M. 
Rutherford. Theodore Ryder. Dan Saults, John F. Shanklin, Mrs. C. F. S. Sharpe, Martha 

Sherman, Willistow Shor, Walter B. Smalley, Anthony Wayne Smith, Morton M. Smith, 
R. ,T. Smith, Spencer H. Smith, Spencer M. Smith, Jr., George Soto, Adolph Stebler, Philip J. 
Stone, Charles D. Stores, Dick Stroud, Maurice Sullivan, Dottie Taylor, William R. Taylor, 
Barry Tindall, Dick Titus, Trude Toncray, William Towell, Barbara Tufty, Abe Tunison, 
Lloyd Tupling, Louis R. Van De Velde, Richard W. Wagenen, Maj. R. H. Wagner, Bob 
Waldrop, Elizabeth S. Wallace, 0. L. Wallis, Stanley Weintraub, Josh Whetzel, William A. 
White, Judith A. Wiebe, Adele N. Wilson, Chester E, Wright, Marvin Zeldin, Gordon K. 
Zimmerman, Clem Zinger. 

FLORIDA 

Herb Alley, George W. Cornwell, E. Dale Crider, 0. Earle Frye, Joe R. Knowles, E. V. 
Komarek, Ney C. Landrum, Jim Powell, Mr. & Mrs. Don Southwell, Cong. Robert L. F. 
Sykes, Alexander Sprunt IV, H. E. Wallace. 

GEORGIA 

J. David Almand, Frank Bowers, Mr. & Mrs. E. E. Carlson, E. L. Cheatum, Jack Crock­
ford, Leslie B. Davenport Jr .. Sharon Davis, Leonard E. Foote, George A. Gehrleen, W. C. 
Greenway, Joseph A. Harris, Duff Holbrook, James H. Jenkins, A. Syney Johnson, Robert G. 
McLean, R. Larry Marchinton, Elizabeth Mason, C. Aubrey Nelson, Don Nichols, C. J. 
Perkins, Paul D. Schumacher, F. J. Silva, J. D. Strange, James M. Sweeney, John R. 
Sweeney. 

IDAHO 

Ernest E. Day, Dr. William B. Durbon, Hugh Harper, R. J. Holmes, Maurice Hornocker, 
F. ,Tones, Sen. Len Jordan, Richard Knight. Thomas A. Leege, Sen. Frank E. Moss, David 
Neider, Ray Sims, Glenn Stanger, Ernest Wohletz, J. R. Woodworth. 

ILLINOIS 

Ray Banvs, Mrs. Edgar Bellrooe, Mr. & Mrs. Frank Bellrose. A. J. Boehm, Dr. & Mrs. 
George V. Burger. Thomas R Evans, N. W. Hosley, Robert L. Jarvis, W. D. Klimstra. 
Edwarii Kozicky, Ronald F. Labinsky. Clifford G. McTntire, John Madson, F. C. Pullman, 
Mr. & Mrs. William Rutherford, Glen C. Sanderson, J. Henry Sather, Dale E. Whitaell. 

INDIANA 

Dr. & Mrs. Durward L. Allen, Thomas W. Hoekstra, Donald E. Patrick, Sera! I. Warren. 

IOWA 

Robert Barratt, Floyd A. Bishon, Bill Poswell, William C. Brabham, James L. Clark. 
Arnolil 0. Haugen. Cong. John Kvl, Fred A. Proewert. Earl T. Rose, R. C. Russell, Dr. & 
Mrs. Milton W. Weller, Mike F. Zaik. 

KANSAS 

Harold L. Gladfelter, George C. Halazon, F. Robert Henderson, R. J. Robel. 

KENTUCKY 

Bernie Cuter, William H. Casey, Minor Clark, Jim Durell, Louis A. Krumholz, Arnold L. 
Mitchell, J. C. Salato, Burnis Skipworth. 
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LOUISIANA 

Charley Bosch, Hurley Campbell, Arthur L. Darnsteadt, J. W. Fruchtnicht, Leslie L. 
Glasgow, Gerald E. Gunning, Clark Hoffpauer, Fant Martin, Richard K. Yancey. 

MAINE 

Donald K. Christie, Malcom W. Coulter, Frederick F. Gilbert, Ads Graham, Frank Graham, 
Dr. & Mrs. Howard Mendsll, Mr. & Mrs. A. D. Nutting, Ray B. Owen, Jr., S, D. 
Schmnitz, Ronald T. Speers, Mr. & Mrs. Howard E. Spencer, Jr. 

MARYLAND 

C. E. Addy, Jim Applegate, Mrs. Albert S. Aiken, Charles B. Allen, Dr. J. Francis 
Allen, David R. Anderson, Ralph Andrews, John B. Baker, Donald M. Bandel, Mrs. June A. 
Barkley, Edwin M. Barry, Earl Baysinger, Harold Berkson, Lawrence Blus, Mrs. Eugene J. 
Brady, Shirley A. Briggs, Laverne Brugger, John L. Buckley, Mr. & Mrs. Noble Buell, 
Bill Burton, Bonnie Lee Byrne, Harold C. Caldbaugh, Samuel M. Camey, Roy Castle, 
Dwight R. Chamberlain, Ken Chisvetta, Jerry S. Choate, Nancy C. Coon, Eugene Cowan, 
Dr. & Mrs. Walter F. Crissey, Robert L. Croft, Fred H. Dale, Clint Davis, Alfred Drew, 
E. H. Dustman, Jean W. Dustman, Howard Erickson, Ray Erickson, Robert A. Evans, 
Dr. & Mrs. Fred Evenden, Lester F. Fader, Benjamin M. Florence, Vsgn Flyger, Edith 
Fredine, Gordon Fredine, Mrs. Judson C. French, Mr. & Mrs. Hugh Galbreath, William C. 
Gassaway, G. F. Gee, Dr. & Mrs. Aelred D. Geis, Charles D. Gish, Luther C. Goldman, 
;James R. Goldsberry, Mrs. Leta R. Goudy, R. Doyle Grsbarck, Arthur W. Greeley, Mrs. 
Linda C. Hall, Nancy Hardgrove, Ronald Hartman, Joyce S. Hayward, Robert G. Heath, 
Clare W. Hendee, Carlton M. Herman, Earl H. Rodi!, William B. Holton, Larry L. Hood, 
Forden M. Hughes Patricia L. Hughes, Stanley M. Jepsen, Charles Kaczynski, James A. 
Kerwin, Ed Ketchen, Malcolm E. King Jerome N. Kline, C. Eugene Knoder, William C. 
Krantz, Philip C. Kreitner, C. E. Lane Jr., Mrs. Francis C. Lang, William B. La&lo, James 
A. Lee, Daniel L. Leedy, Robert R. Leyshon, Chuck Lobdell, Jerry Longcore, Elroy R. Lumb, 
Duncan MacDonald, Frank McGi!vrey, John Msestrelli, Merle H. Markley, Elwood R. 
Martin, Kahler Martinson, Brooke Meanley, Roy G. Metzgar, James C. Miller, Charles R. 
Newby, Thomas G. Newman, Henry F. Nichol, David J. O'Neil, Ken W. Parker, Larry 
Pease, T. B. Plair, Charles B. Pletcher, Richard D. Porter, Mrs. Lois Pottorff, Robert 
Preston, Henry M. Reeves, Chandler S. Robbins, Eleanor C. Robbins, Carroll T. Ridgely, 
John P. Rogers, James L. Ruos, Mary Ruos, Albert E. Sanderson, Jr., Keith N. Schreiner, 
Robert F. Scott, John Serafin, John L. Seubert, George B. Shields, William Slsden, Glen 
Smart, David J. Smith, David L. Smith, Donald A. Spencer, James D. Stephenson, James 0. 
Stevenson, William H. Stickel, Lucille F. Stickel, Jeff Swinebroad, Clinton D. Trefethen, 
Mr. & Mrs. James B. Trefethen, Ernest A. Vaughn, Constance M. Vitori, John Warren, 
Mr. & Mrs. Clark G. Webster, Edwin F. Weseley, Jr., David A. Wharton, Thomas W. 
Whittendsle, Jr., Stanley N. Wiemeyer, William C. Wilson, Robert Wolf, Sandra Wood. 

MASSACHUSETTS 

Milton R. Anderson, W. R. Beckmann, Kenneth L. Bergstrom, Warren W. Blandin, 
Mr. & Mrs. Richard Borden. Robert B. Brander, Nelson Bryant, Carl Carlozzi, Russell A. 
Cookingham, Raymond K. Entong, Marie R. Gleason. Dorothy C. Gleeson, Fred Greeley, 
Frank Gregg. R. E. Griffith, Wayne Hanley. Charles Keene, Steven C. LaMarine, Allen H. 
Morgan, Paul R. Nickerson. Bill Pollack. Walter E. Rogers, Peggy Sheldon, Dr. & Mrs. 
William G. Sheldon, James M. Shepard, John Sinton, Les Smith, Jim Vilkitis. 

MICHIGAN 

David A. Arnold, Reeve M. Bailey, Charles Ted Black, Rainer H. Brooke, John Byerlich, 
Marvin Cooley, Archibsl B. Cowan, Cong. & Mrs. John Dingell, Donald W. Douglass, Ben 
East, A. Gene Gazlay, H. W. Glassen. James L. Goudreau, Charles D. Harris, Maxine Her­
hert, Paul Herbert, Geol'/?e S. Hunt, Douglas Janousek, David H. Jenkins, Howard E. 
,Tohnson, Eugene Kenaga. John M. Kitchel. MD, Karl F. Lagler. Justin W. Leonard, Dale R. 
McCullough, Stanley A. Marcus, William W. Mautz, Edward J. Mikula, Herbert Miller, C. L. 
Movie, James L. Ourman, Jean Petoskey, John Petoskey, Merrill L. Petoskey, G. A. Petrides, 
William V. Reid. William L. Rohinson, Elisabeth Shelton, Nauier Shelton, Mr. & Mrs. 
Charles Shick Eleanor H. Smith, Hanlev K. Smith, Rollin D. Snarrow, Joseph Strait Jr., 
l!owsrd A. Tanner, R. E. Trippensee, Jack VanCoevering, Mr. & Mrs. Paul H. Wendler, 
Larry Whitney. 

MINNESOTA 

Joseph Artman. Cong. John A. Blntnik. R. W. Burwell. Charles T. Cushwa. Wallace C. 
Dayton. Robert E. Farmers. Arthur S. Hawkins. Thomas S. Helget, James Jack, Robert L. 
,lessen, Mr. & Mr•. S. E. Jore,ensen. VPrnP E. Jo,lin. M-r. & Mrs. James Kimball, Richard J. 
Mackie, Martin Magnuson, William H. Marshall. Elaine Meslow. Murray Olyphant, Ron 
l'lcharB. Robe"1o W. Aharp. Ted Shielfls, Donald B. Sinifl', Carl H. Stensland, Bill Stevens, 
John Tester, James Thompson, David B. Vesall. 
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MISSISSIPPI 

Gordon Gunter. 

MISSOURI 

Mr. & Mrs. P. G. Barnickol, Mr. & Mrs. Vernon Bennett, Allen Brohn, Gus E. Budde, 
D. M. Christisen, Bill T. Crawford, William Edler, Judy Frederickson, Leigh H. Frederick­
son, Larry R. Gale, Edwin H. Glaser, Mr. & Mrs. U. Reid Goforth, Ray Heady, Bud Jack­
son, Sherman Kelly, Leroy J. Korschgen, Dean A. Murphy, Bernice Nagel, Werner 0. Nagel, 
Carl R. Noren, Charles Purkett, Dick Rotsch, Ken Sadler, Mr. & Mrs. C. W. Schwartz, 
Herb Schwartz, Helen Shouse, Mr. & Mrs. P. L. Shouse, Jack A. Stanford, Mr. & Mrs. 
Ed Stegner, Harold V. Terrill, Dick Vaught, James R. Whitkey, 

MONTANA 

Don Aldrich, James A. Bailey, C. J. D. Brown, Roger Bumstead, Bob L. Burkholder, 
John Craighead, Leroy Ellig, Robert L. Eng, John T. Harris, Harold Knapp, Senator & 
Mrs. Lee Metcalf, Tom Mussehl, Philip L. Wright. 

NEBRASKA 

Phil Agee, Bill Bailey, Willard Barbee, Dale Bree, Bruce Cowgill, Gary Drown, Harold 
K. Edwards, Mr. & Mrs. Wade H. Hamor, Larry C. Holcomb, Ken Johnson, M. 0. Steen, 
Mr. & Mrs. Floyd C. Stone, Lee Wells, Larry A. Witt, Carl W. Wolfe, Robert Wood, 
Brandt J. Zimmerman. 

NEVADA 

Senator and Mrs. Alan Bible, Frank W. Groves, Mrs. Velma B. Johnston, John H. 
Meier, Michael J. Pontrelli, George Knox Roth, Paul T. Tueller. 

NEW HAMPSHIRE 

Maurice E. Bilodeau, Paul Bofinger, Lt. Col. G. Kreamer, David Olson, Hilbert R. Siegler. 

NEW JERSEY 

Mrs. Arthur Fenske, Robert C. Fringer, Dr. & Mrs. Fred H. Glenny, Philip Granett, 
Elmer B. Greet Jr., Robert H. Horwich, Francis L. Jones, John Lehman. Mr. & Mrs. 
E. Budd Marter, Alan Miller, Jerry A. Moore, Ted S. Pettit, Len Spiegel, George P. Spin­
ner, Walter J. Wenzel, James R. Westman. 

NEW MEXICO 

Senator and Mrs. Clinton A. Anderson, Raymond J. Buller, John Crawford, Ladd S. 
Gordon, William J. Huey, Dale A. Jones, William T. Krummes, Mr. & Mrs. D. 0. Rettinger. 

NEW YORK 

Maurice M. Alexander, John Bain, J. W. Beckman, Donald F. Behrend, Anne LaBastille 
Bowes, Lawrence P. Brown. Robert L. Brown. Dr. & Mrs. Harlan B. Brumsted, Carl W. 
Buchheister, R. D. Burroughs, Tom J. Cade, Victor H. Cahalane, Mr. & Mrs. Charles H. 
Callison. Robert Cherdack. Roland C. Clent, Ralph B. Colson. Clare Conley, George D. 
Davis. Daniel L. Dindal. Kenneth N. Dunbar. Larry Durkin, Robert M. Ferguson, Mr. & 
Mrs. Lyle A. Findlay, Mr. & Mrs. Herman Forster, Earl J. Franze, Ira Glick, Robert F. 
Gotie, William F. Gusey, Mr. & Mrs. Albert Hall, Lawrence S. Hamilton, Harry Hampton, 
A. B. Hatch, Jean Hewitt, Oliver Hewitt. Mr. & Mrs. William Hilts, Capt. Amos L. Horst, 
William Hubertus, W. K. Jenkins, Mrs. Kendall Jenkins, Mr. & Mrs. Alan Jupin, Stewart 
Kilborne, Carl King, Ralph Kirshner, Gerald John Kowalski, Channing R. Kury, W. Mason 
Lawrence. William Leathersich, Mr. & Mrs. Stanley Logan, Rich Malecki, Guy E. Manley 
III, C. W. Mattison, F. H. V. Mecklenbure:, Heinz Meng, Clement E. Merowit, Aaron J. 
Moen, Mr. & Mrs. Robert E. Mevers. Earl F. Patric, James M. Ramakka, Henry G. Rippe, 
Bernadette Rippe, David J. Roslien. Roy I. Satre, Peggy R. Sauer, Alan Simpson, Joseph J. 
Shomon, Elvis J. Stahr, Willard F. Stanley Dr. Margaret Stewart, Daniel Q. Thompson, 
Elizabeth Titus, Martin A. Turner, David H. Wallace, William H. Warrick, Dr. & Mrs. 
Bruce Wilkins, Mr. & Mrs. Ed Zern. 

NORTH CAROLINA 

Keith A. Argow, Frank B. Barick, F. S. Barkalow ,Tr., Senator Quentin Burdick, Hugh 
Fields, W. R. Nicholson, Clyde Patton, Eugene Schwall, Kenneth A. Wilson. 
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NORTH DAKOTA 

Philip Aus, Meslow E, Charles, H. F. Duebbert, Mr. & Mrs. Keith W. Harmon, Jerald 0. 
Jacobson, Robert L. Morgan, Senator Carl Mundy, Harvey K. Nelson, Gary L. Pearson, 
Glen Sherwood, Dr. & Mrs. Paul F. Springer, Russell W. Stuart. 

OHIO 

Walter G. Adams, William Anderson, Dan Armbruster, Jack Barclay, Theodore A. Book­
hout, Cameron A. Gililland, E. E. Good, R. Gregory Hawk, Lou Klewer, John W. Koerner, 
George Laycock, Robert Meeks, Lyle A. Nauman, Tony J. Peterle, Jim Robey, Charles 
Sauer, Thomas M. Stockdale, Stephen D. Warner, Donald W. Thompson. 

OKLAHOMA 

Bill Altman, Harold B. Cooksey, Farrell Copelin, Gene Dozier, John F. Hines, George L. 
Knapp, Fred P. Lewis, Stuart A. Marks, William Morgan, John A. Morrison, Charles M. 
Palmer, Paul Roeber, Buford Tatum, Glenn Titus, Mr. & Mrs. Eimer Vieth. 

OREGON 

Hugh C. Black, Robert L. Borovicka, John Chsttin, Charles S. Collins, Mr. & Mrs. 
Verne E, Davison, George Eicher, John D. Findlay, Senator Mark Hatfield, George L. Hib­
bard, Howard F. Horton, Dayton 0, Hyde, Fred V. Koehler, John McKean, L. Dean 
Marriage, William B. Morse, Leon Murphy, George Reed, P. W. Schneider, Thomas G. 
Scott, George A. Selbe, Hugh Smith, Mrs. M. T. Weatherford, Bill Wick, Howard Wight. 

PENNSYLVANIA 

Stanley A. Belfore, Eleanor H. Bennett, Robert J. Birlo, Betty L. Bowers, Glenn L. 
Bowers, Matt Brennan, Fred J. Brenner, Edwin Cooper, Mr. & Mrs. L. H. Cramer, Malcolm 
Crooks, Robert L. Cowan, Dottie Curtis, Albert M. Day, Thomas Dolan, J. Kenneth Doutt, 
Dr. Margaret T. Doutt, Robert E. Masnacht, Miss Beulah Fay, John L. George, Jon 
Ghiselin., Fred Hartman, Willard T. Johns, Samuel J. Kern, Jack M. Kiracofe, Viola R. 
Kiracofe, Mr. & Mrs. Ed Kuni, Roger M. Latham, R. S. Lichenberger, James S. Lindzey, 
Steve Liscinsky, Russell M. Lucas, Ann W. Lucas, Lee M. Machemer, Don Marushak, Paul 
Mifelton, Seth L. Meyers, M. Graham Netting, J. Hugh Palmer, W. C. Richter, Harvey A. 
Roberts, Robert Sagar, Cong. & Mrs. John A. Saylor, Mrs. J. Lewis Scott, Sam Shaw, 
Dale E. Sheffer, Mr. & Mrs. Fred M. Simpson, R. Smith, Donald B. Snyder, James A. 
Thompson, Joe Vaughan, Alan Woolf. 

RHODE ISLAND 

Alfred L. Hawkes, Virgil J. Norton, Clarence M. Tarzwell, Donald J. Zinn. 

SOUTH CAROLINA 

James A. Cox, Roger Seamans, James W. Webb. 

SOUTH DAKOTA 

Daniel Call, Thomas C. Dunstan, Lee Eberly, Byron E. Harwell, Raymond J. Linder, 
John Popowski, Dir Progulske. 

TENNESSEE 

Roy H. Anderson, C. J. Barstow, Jim Burbank, Jack Chance, Ralph W. Dimmick, T. R. 
Dunguen, Evan Means, Virginia Means, V. K. Seigworth, Harold E. Warvel. 

TEXAS 

Ernest D. Ables, Earl L. Benkam, David Blankinship, Eric Bolen, Lorraine G. Bonney, 
Orrin H. Bonney. Gene Brown. Richard L. Bury. Clarence Cottam, Mr. & Mrs. Olan W. 
Dillon, Edward C. Fritz, W. C. Glazener, W. H. Kiel Jr., Wallace Klussmann, Charles 
Land, V. Lehmann. Leroy D. Limpus, Keith Ozmore, Charles W. R&mll0Y, Joe D. Rollo, 
Henry L. Short, J. R. Singleton, E. A. Walker, Senator Ralph Yarborough. 

UTAH 

Wayne H. Bohl, Mavo W. Call. J. Whitney Floyd, D. M. Gaufin. Norman V. Hancock, 
Ruth Helm, William T. Helm, S. M. Hirst, Philip N. Lehner, Jessop B. Low, A. R. 
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McConkie, Beatrice McConkie, Donald E. McKnight, Joseph F. Pechanec, Bud Phe!J)8, 
Dr. & Mrs. D. I. Rasmussen, Frederic H. Wagner, Marylin Wagner, Gar W. Workman. 

VERMONT 

Senator & Mrs. George Aiken, Robert Fuller, Egbert C. Hadley, L. Dennis Paquette. 
Edward Soutiere, Shirley J. Strong. 

VIRGINIA 

William E. Ackernecht, David A. Adams, John W. Alilrich, Michael Arny, S&muel A. 
Arny, Robert M. Ballou, Gerald C. Baumer, H. F. Bauserman Jr., Ruth Bauserman, Jack 
H. Berryman, Harold L. Blakey, Louis A. Boll, Thomas J. Bond, Jim Bowyer, Willi&m 0. 
Bullard, Gaylord I. Burke, Robert W. Campbell, Raymond G. Cason, Willi&m S. Ola.rk, 
Henry Clepper, Mr. & Mrs. Lawrence V. Compton, H. S. Crawford, Dick Oross, Millard 0. 
Davis, E. P. Lee Denson, Art Dickson, Mrs. Rose W. Dieter, Bruce Dowling, Glenn R. 
Dudderar, R. Franklin Dugan, G. B. Farrar, Arlen D. Feldman, Russell Fielding, Mrs. 
Theodora C. Foster, Dr. & Mrs. Ira N. Gabrielson, Edward Gangstad, Mrs. A. W. Gates, 
Mr. & Mrs. Robert H. Giles Jr., Mr. & Mrs. Virgil Gilman, Robert E. Gordan, Mrs. 

Edward Graham, James C. Gritman, Richard W. Gross, Mrs. Sara Halliburton, Henry A. 
Hansen, Helen L. Hanson, W. D. Hanson, Jim Harlan, Richard F. Harlow, Frank Har·
mon, Keith Hay, Lt. & Mrs. Phelps Hobart, Robert G. Hooper, John F. Hosner, Paul 
Howard, John D. Hunter, Walter E. Jenske, Hugh A. Johnson, Mr. & Mrs. R. E. Johnson, 
Fred L. Jones, David 0. Karraker, W. H. Kennedy, Roy L. Kirkpatrick, Tom Kurz, Bob 
Latimore, Helen M. Lawson, Roxie C. Laynourne, Roy H. Ledford, Ross Leonard, Maurice 
H. Lnndy, Mr. & Mrs. James McBroom, Robert B. McCartney, Mrs. Audrey McFadyen, 
Burd S. McGinnes, Mrs. Cathlyn S. Mclnteer, James F. Mclnteer Jr., Juanita Maha11'et, 
Richard H. Manville, Charles J. Marlen, M. A. Marston, William E. Martin, Bill Massmann, 
,Tohn E. Meyering, Robert C. Milne, Henry S. Mosby, Ben Osborn, Alex T. Outlaw, Fred M. 

Packard, Jean Packard, Mr. & Mrs. J. W. Penfold, Barry L. Peterson, Chester Phelpa, Mrs. 

Robert Pitner, Nell T. Prior, Joseph F. Poncochar, Charles E. Randall, Richard A. Raap, 
David F. Reynolds, John E. Rhea, Thomas W. Richards, Colin Ritter, Bob A. Robinson, Mr. 
& Mrs. Theodore Rogowski, James S. Rouse, James C. Salinas, James W. Sa.Iyer, Maj. F. N. 
Saterlee, B. J. Schaefer, E. A. Seaman, G. L. Smith, William Shepherd Smith, Jr., F. G. 
Spoden Jr., V. Daniel Stiles, Marshall L. Stinnett, Bruce Stollberg, Neil J. Stout, Don 
Strode, Allan Studholme, Albert H. Swartz, Lloyd W. Swift, Dr. & Mrs. Lee M. Talbot, 
Glenn F. Tiedt, A. H. Underhill, James F. Voelzer, Earl T. Walker, Vern Walker, Byron B. 
Wates, Robert T. Webb, Roy C. White, David L. Wickens, Bruce Wiersma, Robert D. 
"W;ildman, Harvey Willoughby, Cynthia E. Wilson, Jack B. Woody, A. T. Wright, Marvin L. 
Yates, Gregory Zafros. 

WASHINGTON 

Prentice Bloedel, John Biggs, Carl N. Crouse, Lee Eberhardt, Clifford H. Fiscus, John C. 
Hendee, George W. Hess, Lew Holcomb, Senator Henry M. Jackson, Charlotte Lauckhart, 
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