means and prognosticate the future
with some accuracy. Yet here we en-
ter the third great arena of ethical dis-
cussion, passing beyond the benefits of
science and the certain risks to the
nebulous realm of quandaries. Man
must choose goals, and a choice of
goals involves us in weighing values—
even whole systems of values. The
scientist cannot make the choice of
goals for his people, and neither can
he measure and weigh values with ac-
curacy and objectivity. There is none-
theless an important duty he must per-
form, because he and he alone may
see clearly enough the nature of the
alternative choices, including laissez
faire, which is no less a choice than

any other. It is the social duty and

function of the scientist in this arena

of discussion to inform and to demand
of the people, and of their leaders too,
a discussion and consideration of all
those impending problems that grow
out of scientific discovery and the am-
plification of human power. Science is
no longer—can never be again—the
ivory tower of the recluse, the refuge
of the asocial man. Science has. found
its social basis and has eagerly grasped
for social support, and it has thereby
acquired social responsibilities and a
realization of its own fundamental
ethical principles. The scientist is a
man, through his science doing good
and evil to other men, and receiving
from them blame and praise, recrimi-
nation and money. Science is not only
to know, it is to do, and in the doing
it has found its soul.

Preserving Vegetation in
Parks and Wilderness

This fragile natural resource is endangered by the lack
of trained specialists and the lack of clear objectives.

Federal efforts to preserve natural
vegetation go back to 1872, when Yel-
lowstone National Park was carved out
of the public domain; state efforts go
back to 1885, when the New York
Adirondack Forest Preserve was estab-
lished (7). All efforts, however, have
been largely unsuccessful because of a
failure to appreciate fully that vegeta-
tion is a living, dynamic complex and
cannot be preserved in the sense in
which a building or an archeological
site can be preserved. Even the most
uniform vegetation is a mosaic created
by local variations in the environment
and by prior events such as fire,
drought, and insect infestation. When
a mature plant dies, hundreds of seed-
lings spring up to take its place, some
or all of which may be of different
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species. Which seedlings survive, and
for how long, depends upon their rela-
tive growth potential, what effect the
dead plant had on its environment be-
fore it died, and what kind of environ-
ment resulted when it died. Vegetation
can only be preserved by controlling
the complicated successional forces
that have created it and that, if un-
checked, will in turn destroy it.

The very efforts made to preserve a
natural system of vegetation may bring
on unplanned and undesired changes
in it. That steps taken to preserve ani-
mal wildlife may have this effect is
well known to the general public. By
1930 there were overpopulations of elk
and bison in Yellowstone National
Park, of mule deer in Zion Na-
tional Park, and of deer and elk in
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Rocky Mountain National Park, all
brought about by control of predators
in and around the parks (2). Recogni-
tion of the problem led to a reconsid-
eration of these practices, and today,
although hampered by a lack of basic
data and a restrictive budget, specialists
in wildlife preservation are employed
in the national parks to plan and
apply sounder regulatory methods.
While not so dramatic and not so wide-
ly publicized as imbalances in wildlife
populations, drastic changes in the
composition of many of the plant com-
munities in the national parks have oc-
curred during the last 50 years under
fire-protection policies and heavy con-
centrations of use. In a number of
cases these changes have progressed so
far that even the once dominant plants
in a wide variety of plant communi-
ties have been replaced, and now trees
and shrubs occupy slopes and meadows
once clothed in grass and sedge (3).
There are two federal agencies large-
ly responsible for the management of
national wildlands, each by charter
concerned with conservation of this re-
source but each with different primary
objectives. The Forest Service was or-
ganized in 1905 within the Depart-
ment of Agriculture to manage the
forest reserves—Ilater renamed national
forests—to secure favorable watershed
conditions and to furnish a continuous
supply of timber. Shortly thereafter,
however, the Forest Service recognized
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that recreation was an important use
of these areas compatible with its
other uses, and began developing the
recreational facilities that now serve
125 million visitors a year. Some 15
years later it recognized the need for
wilderness reserves, and by appropriate
administrative action over the next sev-
eral years set aside almost 12 million
acres for this purpose. Subsequently
both of these administrative decisions
have been sanctioned by congressional
action (4).

The Park Service was organized in
1916 within the Department of the In-
terior to bring together under one
administrative head a number of inde-
pendent national parks formerly ad-
ministered by several federal depart-
ments. It was specifically charged with
preserving on these lands plant and ani-
mal life, and geological and archeologi-
cal features of national value, for the

enjoyment of the public. Vegetation
preservation thus constitutes a minor
part of the Forest Service’s responsibili-
ties but a major part of the Park Serv-
ice’s responsibilities.

The Forest Service has moved ahead
rapidly in meeting its responsibilities
as watershed and timber manager and
purveyor of recreation facilities. It has
been able to do so for a number of
reasons. From its inception it was able
to staff its key administrative posts with
men trained for the job of managing
forests for watershed and timber; it
could draw upon a wealth of European
experience, and it had an excellent
research staff engaged  in developing
workable silvicultural techniques, based
upon sound understanding of ecology,
for use by its foresters operating in
the field. In its minor role as vegeta-
tion-preservation manager of 12 mil-
lion acres of wilderness, the Forest

Characterization of
vegetation in terms
of measurable
ecosystem units

Characterization of the ecological potential of
the species involved,
determined by the ability of associated plant
species to:

1. Occupy positions along physical and chemical
environmental gradients, e.g., moisture,
light, temperature, soil nutrients
(physiological potential).

2. Modify environmental'gradients on which
they become established.

3. Survive under grazing pressure, and insect
and pathogen attack.

Withstand fire and reestablish following
fire.

Ecological potential is

of;

Characterization of the environment in terms
1.” Multidimensional physical and chemical
gradients.

2. Prevalence of ungulates, rodents, insects,
pathogens, and fire.

Characterization of successional trends over
=1 the variety of environments involved
(successional potential).

¥

Development of manipulative techniques that
can control the successional force without
upsetting the relationship between other
organisms in the ecosystem.

Operational testing

1

—

—

Operational inventory
techniques

Operational manipulative techniques

Fig. 1. Information required to develop manipulative techniques for vegetation pres-

ervation.
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Service has yet to do much of any-
thing.

The Park Service has moved slowly
in its major role, that of preservation
manager, although it has successfully
operated the land under its control for
the enjoyment of the public. When es-
tablished, the Park Service, unlike the
Forest Service, had no ready source
of professional help to which it could
turn. There was no such thing as a
vegetation specialist versed in preserva-
tion management—that is, a vegetation-
preservation manager. Furthermore,
administrators could not rely upon
European experience for guidance, be-
cause there was none. Nor could they
turn to a research staff for developing
the necessary management techniques,
because again there was none. To make
matters even more difficult, they were
forced almost from the beginning to
fight a rear-guard action with private
companies and government agencies
that wanted to open park lands for
mining, hunting, water impoundment
behind massive dams, logging, and oth-
er commercial activities. Thus adminis-
trative energies and funds were all but
exhausted in maintaining existing park
boundaries; and the problem of pre-
serving a variety of undescribed eco-
systems, in which changes at the time
were not well advanced or readily ap-
parent to the untrained eye, was large-
ly solved as far as the administrator
was concerned once an efficient fire-
control system had been established,
livestock excluded, and insect epidem-
ics brought under control. This does
not imply that the Park Service has
failed to attract competent biologists
to its professional staff and that there
has been no effort to stem the suc-
cessional tide; this is not true. Char-
acteristically, however, individuals in
the Park Service who have been trained

“as biologists have been called upon

more for protective and interpretive
service than for specialized manage-
ment of the vegetation complex, be-
cause overall park policies have not
until recently included the concept of
vegetation management except in the
narrow aspects of fire, insect, and dis-
ease control.

In 1963, public attention was drawn
to this state of affairs in the national
parks by a report of a committee ap-
pointed by the National Academy of
Sciences at the request of Secretary of
the Interior Udall to aid in “the plan-
ning and organizing of an expanded
research program of natural history re-
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search by the National Park Service.”
The committee presented “the pressing
need for research in the national parks
by citing specific examples in which
degradation or deterioration has oc-
curred because research on which prop-
er management operations should have
been based was not carried out in
time; because the results of research
known to operational management were
not implemented; or because the re-
search staff was not consulted before
action was taken” (5). The report
stresses the need to develop, by means
of extensive research, the ecological
basis for managing the preservation of
both plant and animal life in the eco-
systems involved. “It is inconceivable,”
the authors remark, “that property so
unique and valuable as the national
parks, used by such a large number of
people, and regarded internationally as
one of the finest examples of our na-
tional spirit should not be provided
adequately with competent research sci-
entists in natural history as elementary
insurance for the preservation and best
use of the parks.” This is an excel-
lent, long overdue report, exhaustive
in its treatment of research needs, but
it did not in-my opinion focus strongly
enough on the need for professional
vegetation specialists at the operational
level, specialists who will be respon-
sible for carrying out the manipulative
steps recommended by the research
staff, much as the Forest Service’s pro-
fessional foresters carry out the cutting
practices recommended by its research
staff.

The various state agencies that ad-
minister park and forest preserves with
preservation as the stated objective
have come into existence at different
times in response to different pressures
and differ widely in the composition of
their administrative staffs. All engage
in protection of some kind, but none,
as far as I can ascertain, is involved
in manipulative procedures to preserve
the integrity of specific types of vegeta-
tion. Some ecological research is un-
der way, but again there are no profes-
sional vegetation specialists available to
carry out the manipulative program
that will come out of this research.

The Objectives of Preservation

Since vegetation is never static, pres-
ervation must consist, in effect, of man-
aging change. Consequently, it is neces-
sary to determine exactly what the ob-
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Fig. 2. Coast redwood is physiologically attuned to periodic inundation and is pro-
voked by the accompanying deposition of silt to regenerate a new, possibly more active,
feeder-root system. Large amounts of organic matter incorporated in the silt can be
fatal, however, and the vegetation-preservation manager must be ready to test for this
condition and remove these silt deposits quickly if necessary. What steps he will need
to take once upstream flood-control measures have altered this peculiar environment are
not yet clear.

jective is, and thereby to determine
how much change, and what kind, can
be tolerated.

One of the most common objectives
is to keep park lands green or, in the
arid West, green and golden. Fire pro-
tection is considered the principal
means to this end. The fact that vegeta-
tion protected from fire may change
completely in a relatively short period
has rarely been considered, because ad-
ministrators and the public have not
appreciated that this can happen.

Probably the next most common ob-
jective is the preservation of certain
favored dominant species within the
vegetative complex. When this is the
objective, the fact that certain succes-
sional stages may be fast disappearing
and that the overall vegetative struc-
ture may be changing within rather
broad limits is usually ignored, as long
as the dominants remain dominant and
the general appearance of the land-
scape is not altered. Change that does
not interfere with the effective display
of the dominant species has, in gen-

eral, been acceptable. Preservation of
the redwood tree, for example, has
been the sole objective in the world-
famous string of redwood parks that
extends from south of San Francisco
to the Oregon border. Consequently,
change among associated species has
been ignored.

A less common but still popular ob-
jective is the preservation of particular
successional stages. Most often this ob-
jective has reflected a desire to pre-
serve a piece of virgin forest or native
grassland and generally has involved a
climax phase of vegetation, that is,
a condition of dynamic equilibrium in
which species composition remains
more or less constant. On occasion,
however, there has been a strong de-
sire to preserve a particular subclimax
phase, such as Douglas fir on the
Olympic Peninsula, red pine in the
Lake States, and Caribbean pine in the
Everglades, where successional change
may be proceeding rapidly. In support
of this type of preservation, a com-
mittee appointed by Secretary Udall to
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Fig. 3. Fire and browsing by deer (see trees in left foreground) have been important
in the creation and maintenance of grass prairies in the redwood-Douglas fir forest
along the north coast of California. The vegetation-preservation manager can use fire
but is not dependent upon it to maintain this open, park-like intermingling of grassy
glades and trees. A variety of selective herbicides—none of which enter the biotic food
chain—is available and can be used effectively in conjunction with either spot burning
or mowing.

review wildlife-management practices
in the national parks has recently rec-
ommended that certain successional
stages be re-created and maintained in
order to present ‘“vignettes” of early
America to the park visitor (6). The
ease with which various successional
sequences can be maintained varies
with the area and the type of vegeta-
tion involved. Consequently, preserva-
tion may not be as cheaply achieved
in one area as in another. Provided
he is aware of this, the park manager
can select appropriate areas and achieve
his objectives with a minimum effort.

A closely associated objective is that
of slowing succession. Supporters of
this objective argue that it is futile
to try to stop succession, that if it
can be slowed sufficiently a vegetation
mosaic containing most of the succes-
sional stages could be maintained, and
that such a mosaic is what we should
strive for in the national parks. Cer-
tainly the degree of preservation de-
sired is always an important considera-
tion. Succession can often be slowed
for only a few cents per acre, while
costs of stopping succession can run
to several hundred dollars per acre.
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Today, many wilderness supporters
argue that we should leave large areas
of vegetation alone to change as they
may; that man should keep his hands
off and let nature run its course, un-
impeded by controls against fire, in-
sect, and disease. When pressed on the
point of fire control, however, propo-
nents of this policy have usually agreed
that some fire control is reasonable,
provided it does not interfere with the
occurrence of natural fire. According-
ly, lightning fires would be allowed to
run unchecked, and if the aboriginal
arsonist were alive today he would not
be discouraged because he would be a
part of the natural environment. Para-
doxically, fire started by a careless
camper would be dealt with vigorous-
ly.

On most of the areas that might
be affected by such a program, succes-
sion is extremely slow and, because of
extensive areas of exposed rock, wild-
fires soon burn themselves out. With
sufficient control of human use these
areas will change little in the next 100
or even 200 years, and this is probably
what most proponents of a hands-off
policy visualize. There are other areas,

however, where the understory is now
very dense and highly inflammable
throughout much of the year and not
in the condition that prevailed when
the areas were set aside. Uncontrolled
wildfire would be catastrophic. Thus,
in the absence of fire control, vegeta-
tion in one area would be maintained
more or less as it is today for many
years to come, while in another area
it might be violently changed within
the next few years.

Compatibility of Objectives

Many preservationists consider man-
agement per se to be an unwarranted
interference with nature by man. This
need not be true. Management con-
sists merely of those actions that are
necessary to achieve one or more ob-
jectives, whatever they may be, even
if the objective is “no management.”
Management dealing with vegetation
may be intensive or extensive, depend-
ing upon the objectives, but unless the
objectives are thoroughly outlined ef-
fective management is impossible. Be-
cause vegetation preservation may be
only one of several objectives, all must
be carefully considered together to de-
termine whether they are compatible.
Intensive public use may be compatible
with a general policy of keeping cer-
tain park lands green, but may be in-
compatible with a specific policy of
preserving dominant species or particu-
lar stages in a successional sequence.
Probably incompatible objectives are
much more widespread in current ef-
forts to preserve vegetation than is gen-
erally recognized, because change in
vegetation can proceed for many years
without detection by the public or even
by the park administrator responsible
for its preservation.

Research on Vegetation Preservation

The National Academy of Sciences
Advisory Committee, in reviewing the
research program of the National Park
Service, “was shocked to learn that for
the year 1962 the research staff (in-
cluding the chief naturalist and field-
men in natural history) was limited to
ten people and that the Service budget
for national history research was $28,-
000—about the cost of one camp-
ground comfort station” {(5). If we
consider only the magnitude of the re-
search job required to support a realis-
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tic vegetation-preservation program, it
is easy to understand why the com-
mittee was shocked. A million-dollar
annual budget and a staff of several
hundred scientists, with several times
as many supporting personnel, are
needed. The Yellowstone National Park
staff, for example. has indicated (5)
that the research required to support
its  vegetation-preservation  program
would entail an analysis of the cur-
rent climatic trends; a detailed soil sur-
vey: and analyses of the vegetative
mosaic and the factors creating it; suc-
cessional patterns in the various biotic
communities; the interrelationships of
plants and animals, particularly domi-
nant species like ungulates: variations
of current ecological conditions from
the original: the factors that have
caused these deviations: the practicabil-
ity of re-creating original ecological
conditions where ecological damage or
deterioration. for instance, soil loss,
has occurred; and the direct effect of
visitors on important natural features.
Thus, dealing effectively with the prob-
lem of vegetation preservation in this
one park, only one of 31 national
parks, will require a dozen or more
scientists—climatologists,  pedologists,
and ecologists of various specializations
—with a supporting staff of perhaps
a hundred or more.

The Forest Service has not as yet
committed its research staff to study-
ing the overall problems of vegetation
preservation, but much of what its
silviculture and range-management re-
searchers have discovered over the last
35 years is directly applicable. Both the
silviculturist and the range manager,
like the vegetation-preservation man-
ager. are interested in successional
processes and their control. The dis-
tinction lies in the end products de-
sired and the tools that can be used
to obtain them. The silviculturist is in-
terested in the amount and quality of
timber produced. He selects trees to
this end and in the process completely
alters the structure of the vegetation
units involved. His imprint in the form
of skid trails. neatly sawn stumps, and
extraction roads is everywhere appa-
rent. The range manager is interested
in the weight and quality of beef or
mutton that vegetation produces. He
uses his animals, through rotational
grazing schemes of various Kkinds, to
control plant succession. Except for the
presence of domestic animals, fences,
and occasional scars of a disc harrow
on a reseeded, overgrazed range, his
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mark is not apparent and the structure
of the vegetation units involved may
not be greatly altered.

What is most needed to get a full-
scale vegetation-preservation research
program underway by the Forest Serv-
ice is an administrative decision to do
so. Only a few shifts in research em-
phasis at key points within the present
research program, along with a rela-
tively modest augmentation of the basic
research staff, are needed. Once em-
barked upon such a program. the For-
est Service soon would be able to de-
velop suitable operational techniques
for preserving vegetation on the 12
million acres of wilderness that are its
responsibility.

All the state parks involved in vege-
tation preservation need research sup-
port, but few are receiving it. The
State Division of Beaches and Parks
in California, for example, has an an-
nual support budget of $10.000,000
and is responsible for vegetation pres-
ervation on more than 600,000 acres.
The size of the individual parks varies

from a few hundred to several thousand
acres, and the type of vegetation to
be preserved varies through cactus
and scrub on the Mohave Desert, oak
woodland in the Central Valley, mixed
conifers in the Sierra, and redwoods
along the North Coast. Its annual re-
search budget amounts to only $28,-
000. A third of this is being spent
on a crash program to develop recom-
mendations for preserving redwood
groves along the Eel River which are
subjected to periodic flooding and to
more than 500,000 visitors annually.
The rest is being spent by the inter-
pretive-services section. Nothing is be-
ing spent on research to determine
how the variety of vegetation types
that occur in the other parks in the
state should be maintained.

The type of information required to
develop manipulative techniques for
the preservation of vegetation is sum-
marized in Fig. 1. Some of this infor-
mation, obtained through the efforts of
university-based scientists, their gradu-
ate students, and Forest Service re-

Fig. 4. Big cone spruce, shown against the sky line, is not a fire-resistant species but
has survived in the chaparral of Southern California because of natural firebreaks
created by shallow soils and the regular occurrence of widespread fires in the past. To-
day these natural firebreaks are overgrown and no longer offer protection. The vegeta-
tion-preservation manager must reestablish these firebreaks if stands of big cone spruce
are to be preserved.
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Fig. 5. Top aerial photograph was taken shortly before the grass-covered slopes in the

right foreground were purchased by a local park district and cattle were excluded.
Bottom aerial photograph was taken early in 1965—35 years later—and shows the
extent to which brush has replaced grass within the park boundaries. If the grass cover
is to be preserved, the vegetation-preservation manager must remove the brush and take
steps to keep it out. Fire as a tool has been ruled out by local smog-control officials.
Introducing cattle is difficult because of the number of youth groups using the area.
Bulldozers, herbicides, and mowing machines appear to be the alternative tools available.

searchers, is already available for cer-
tain types of vegetation. Rarely, how-
ever, will this information be complete
from a vegetation-preservation view-
point, partly because preservation has
not generally been the objective of the
studies, but mostly because studies of
plant succession in this country have
closely followed an approach developed
by the well-known ecologist F. E. Cle-
ments (7). Clements was convinced that
successional sequences, which involve
changes with time, can be determined
by observing changes in vegetative pat-
terns in space, and through his persua-
sive pen he was able to convince oth-
ers that this was feasible. The major
difficulty encountered in this approach
has been that the only method of evalu-
ating the accuracy of a researcher’s
estimate of successional trends, that is,
his first approximation, has been to
wait and see.

Where short-lived grasses and herbs
have been involved and reestablishment
of a dynamic equilibrium following dis-
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turbance has been rapid, the Clementsi-
an approach has been reasonably ef-
fective. Researchers have been able to
modify their first approximation
through several subsequent approxima-
tions, improving the accuracy of their
estimate each time. This is the ap-
proach that largely has been used by
range-management researchers. Recent-
ly, however, they also have experienced
its limitations and have begun to turn
to detailed environmental analyses and
growth-performance studies under con-
trolled environments.

Where long-lived plants have been
involved and reestablishment of a dy-
namic equilibrium following disturb-
ance has been slow and will not be
reached for another hundred years or
so, first approximations based on Cle-
ments’ approach are often little better
than educated guesses. In dealing with
vegetation of this type a more sophisti-
cated analysis of the ecological poten-
tial and the relative magnitude of the
environmental factors involved will be

required (see Fig. 1). Studies of com-
parative growth performance of asso-
ciated species in controlled environ-
ments along the lines suggested by
Hellmers (8), and environmental-gradi-
ent analyses along the lines suggested
by Whittaker (9), Bakuzis (10), and
Waring and Major (1), are essential.

Specialists in Vegetation-

Preservation Management

The National Academy of Sciences
Advisory Committee (5) points out
briefly that the Park Service has applied
research in a piecemeal fashion and
has “failed to insure the implementa-
tion of the results of research in opera-
tional management.” The committee
concludes with the comment that “Re-
ports and recommendations on the sub-
ject will remain futile unless and un-
til the National Park Service itself be-
comes research-minded and is prepared
to support research and to apply its
findings.” That the “implementation of
the results of research” calls for ex-
perts on the management of vegeta-
tion has as yet not been recognized.
Even preservation-oriented conserva-
tionists, who are the backbone of the
leading conservation groups in this
country, have been slow to perceive
this. Many of them still regard vegeta-
tion much as they do their own gardens
and are quick to suggest how a particu-
lar vegetative cover can best be pre-
served, whether it be in the local na-
ture reserve, in a state park dominated
by 1000-year-old redwood trees, or in
an untrammeled wilderness.

Obviously the decision as to what
should be preserved cannot be left en-
tirely to the specialist. The concerned
public, although amateurs in vegeta-
tion preservation, must be heard and
heeded. But at the same time a realistic
assessment must be made of what can
be achieved at costs commensurate
with public interest, and this depends
upon a knowledge of various alterna-
tives and the relative cost and feasibili-
ty of achieving each one. Only the
vegetation specialist can furnish this
kind of information.

The vegetation-preservation specialist
must be trained in management, must
possess a thorough knowledge of ecolo-
gy, must be experienced in assessing
the relative growth potential of each
species in the vegetative mosaic, must
be experienced in the use of various
manipulative techniques, and must un-
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derstand research methods. Today there
are few men so qualified. There is an
impressive number of competent plant
ecologists scattered throughout related
professions who are oriented toward
management, but there are relatively
few who have had experience in a de-
tailed assessment of the environmental
complex, and even fewer who have
had experience in manipulative tech-
niques.

The vegetation-preservation specialist
will not replace the research ecologist
and to a large extent will be dependent
upon him. He must be competent to
understand research, to evaluate re-
search findings in terms of his man-
agement function, and to translate re-
search into manipulative techniques
particularly suited to the specific vege-
tation he must manage. These manip-
ulative techniques must be based on
an understanding of the ecology of the
vegetation in question; if such informa-
tion is not available and ecologists are
not employed to develop it, the pres-
ervation specialist will be forced to
forego his primary responsibility and
to spend his time collecting basic eco-
logical data.

Because success in the field of vege-
tation preservation requires several—
usually many—years to evaluate, the
vegetation-preservation specialist often
will operate in an atmosphere in which
unsubstantiated opinions are forcefully
urged. Many fire enthusiasts, for ex-

NEWS AND COMMENT

ample, are convinced that fire protec-

tion should be curtailed, and do not
recognize that merely because fire con-
trol has led to some undesired effects
it does not necessarily follow that fire
control should be abandoned or pre-
scribed burning introduced. Involved is
the whole process of recognizing the
management objective, evaluating the
ecological forces in play, identifying
the conditions which must be achieved
to develop the desired vegetation re-
sponse, and, finally, evaluating all the
possible ways of moving toward those
conditions economically and with a
minimum of unwanted side effects. In
all of this the vegetation-preservation
specialist will need a fine sense of per-
spective.

Little can be accomplished in the
field of vegetation-preservation man-
agement until a source of competently
trained specialists has been developed
—and perhaps not until considerable
numbers of these specialists have in-
filtrated the various responsible admin-
istrative bodies. How can we develop
such a source? At the moment I can
see only one solution: Ask those uni-
versities that have strong programs
both in ecology and in land manage-
ment, for example, those with forestry
and range-management curricula, to
take on the job. It should be possible
to train these specialists by means of
a 2-year graduate program, provided
it is preceded by an undergraduate

Chemistry: A “Little Science”
Would Like a Little More Money

There is a saying among lawyers, If
you have a strong case, pound on the
facts, otherwise pound on the table.
In recent years, as various scientific dis-
ciplines have turned out studies to justi-
fy their designs on the federal treas-
ury, there has been a good deal of
table pounding.

Last week the chemists produced
their study, Chemistry: Opportunities
and Needs,* a 222-page document,
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nearly 2 years in the works, which, in
the science-study genre, sets a mark
for careful data collection and humble
advocacy. Inevitably the chemists ar-
rive at the conclusion that needs are un-
fulfilled and opportunities are wasting.
But chemistry is a relatively inexpensive
brand of research, and, as wish lists go
in this business, they are talking about
“little science.”

Chemistry, the report acknowledges,

degree with a proper emphasis on
basic biology and is followed by an
appropriate period of apprenticeship.
Several universities could readily meet
this challenge, provided financial sup-
port were assured. The question that
remains to be answered is: How soon
will the universities that have staffs
capable of carrying out this graduate
program be asked to join in creating
this new profession?
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has overflown disciplinary boundaries,
and it is not easy to identify all the
places where chemistry is practiced.
But, working with the definition that,
in universities, chemistry is what takes
place in chemistry and joint chemistry-
biochemistry departments, the report
concludes that last year the federal gov-
ernment provided less than $60 million
of the $90 million spent, outside of
construction costs, in the direct support
of these departments. Over the past dec-
ade the federal contribution has annual-
ly grown by 15 percent. The chemists
would like to see the federal growth
rate stepped up to 25 percent for 3 or
4 years, principally to buy new instru-
ments and computer time, so that by
1968 the direct federal contribution
would be $120 million. (In 1964, the
report calculates, university chemistry
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