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ABSTRACT

An information survey including published litevature and personal
interviews with individuals knowledgeable in the fields of herbicide usage,
animal ecology and plant ecology has been conducted for the purpose of assess-
ing the ecological consequences of extensive or repeated use of herbicides for
vegetation control. The general subjects discussed in this review include
(1) herbicide production, usage and trends; (2) herbicide application to crop
and noncroplands, especially forests, ranges, rights-of-way, wvaterways, ponus,
lakes and reservoirs; (3) military usage of herbicides in Vietnam; (4) acute,
subacute and chronic toxicities of 21 herbicides used primarily for noncropland
application; (5) bersistence and elimination of herbicides from the soil (6)
known ecological effects of vegetation removal by chemical methods (e.g.,
herbicides) and physical methods (e.g., bulldozing, fire, flooding, etc.),
including both the effects on the biotic and abiotic components. Specifically,
consideration is given to the effects of herbicides on wildlife, wildlife
habitat, endangered species, food chains, biotic potential, plant succession,
animal succession, revegetation, climate, soil ernsion, laterization and re-
lated topics; (7) some conclusion regarding the ecological changes are pre-
sented; and (8) some recommendations for further ecological investigations
are given.
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I. INTRODUCTION

Men have altered the environment of the earth according to their will,
and have done so either for an advantage or for a disadvantage which they did
not foresee. If further alterations are to be for our long-term good, we need
greater sensitivity and awvareness of the possible consequences of our immediate
and future action. A broader base of knowledge must be developed in order to
exercise our best judgment. The management of resources and environment every-
vhere affects man's ability to provide for himself. The management of environ-
ment should be of international concern. Urban dwellers throughout the world
are conscious of the lack of purity in the air they breathe. The disposal of
vastes concerns the city, the state, and the national welfare. Within recent
years, men have been exposed to radioactive fallouts, and have suffered from
poor conservation practices. We know that pollution can be reduced and con-
trolled. Radiocactive fallout can be minimized by international agreements.
Conservation policies of some natural resources have been and are being devel-
oped. Mismanagement of certain vital sectors of the environment leads rapidly
dovn the road of no return.

When soil is eroded, it's gone forever.

When a biological species has become extinct, man can
never make another.

If the biotic factors of the ecology are so dis-
turbed that they in turn alter Lhe abiotic factors,
the consequences are long-lasting.

To provide the greatest good for the greatest number at optimum cost,
and to do so by a decision, the results of which will last more than one gen-
eration, ve must critically study the costs and relate them to the benefits.
Since' all the hidden penalties and the benefits wil! be inherited by our
children, short-term expediency must be weighed against long-term consequences.
It is obvious that all the needed decisions will not be acceptable to everyone.
Judgments and values (based on esthetic considerations, cost benefits, etc.)
involve a review of widely divergent opinions. Extreme views must be evaluated
without bias; they serve to sharpen our awareness. Because what needs to be
done--and how it will be done--varies with each problem, the future of environ-
mental management will inevitably require compromises. For example, as citi-
zens, as people of responsibility, we feel the need to preserve a sufficient
number of buffalo 'so that our children may have the oppdrtunity to recapture
the vision of their forefathers and the days of westward expansion. On the
other hand, it does not seem desirable to allow buffalo to increase to their
former numbers; they would again occupy the lands now grazed by the cattle and
sheep--the sources of our beef and mutton.
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The scientific field which provides the elements of the solution to
the oroblem of environmental management is ecology which, since 1900, has been
recognized as a distinct field of biology. Only in recent years has the word
become a part of the general vocabulary quoted in news media. Briefly defined,
ecology is a study of the interrelationships of organisms in and to their com-
plete environment. Since the definition of ecology is necessarily broad, the
concepts are broad, but not a bit less important because of their broadness.
The science of ecology is achieving recognition as an important factor in
human affairs.

Ecology in it~ development toward greater maturity needs to acquire a
better quantitative technology such as the use of the systems approach. Sys-
tems analysis can more nearly cope with the trmendous number of variables and
their interrelationships as represented in an ecosysten.

The use of fire, the axe, and the plow as tools to create greater
agricultural productivity and to clear the land for dwellings, factories and
roadways, hag caused major ecological disturbances. Within the last 20 years
the use of chemicals for the control of environment has expanded dramatically.
Incidents involving poor management of herbicide use has caused concern among
scientists vhich has come to the attention of the public. Sometimes the public
is not equally reminded that the suppliers of food, fibers, and timber are
confronted with production problems, the solution of which depends on the
success of the continuing fight against pollution, disease, and pests.

This reviewv assesses the ecological consequences of the extensive or
repeated use of herbicides. The basic intent of our investigation has been
to examine the status of the knowledge about the ecological consequences to
be expected from the extensive use of these vegetation-control chemicals. We
are concerned with herbicides used in such a manner that they disturdb ecosystems
to the point that severe effects could ensue: e.g., erosion, the extinction
of species, or the loss of land fertility. In our past history, we have
deforested and overgrazed areas that have led to soil loss, created saharaza-
tion and laterization, and altered hydrology and climatic patterns. An
appraisal of these processess in terms of how better management can counter-
act them, and of how improved crop, range, and forest management can benefit
agriculture, would facilitate a better estimate of the long-term costs or
benefits. In addition, we have attempted to describe the current gaps of
information that we believe deserve further scientific inquiry. The elimina-
tion of these gaps will broaden the base for future Judgments.

The long-term ecological effects of the use of herbicides is diffi-
cult to predict. Herbicides differ from other types of vegetation-control
agents in that they enter into biological systems, are selective in their
effects, and have some degree of persistence. They have en advantage from an
economic standpoint because they can be used to treat large areas celectively
at low cost.

-8




We have critically examined over 1,500 pieces of scientific litera-

l ture, and supplemented these sources with information‘obtained in personal

‘ interviews and telephone conversations with over 140 knowvledgeable pecple. We
] have obtained the most current information from government agencies, univer-

] sities, private organizations and the chemical industry.

- This preliminary assessment shovis that the task of defining the

ecological consequences of herbicide use is enormous. What e have done, in
brief, is this: we have established a partial basis for an intelligent,
objective evaluation of what is happening when sectors of our environment are
'] exposed to herbicides. We hope that this assessment will stimulate the con-
’ ducting of a deeper and more penetrating study, based on the additional
1 research that is needed to close the knowledge gaps. Only one generation has
passed since chemical herbicides began to be widely used. Within the last
eight years the treatment of huge areas with potent chemical control agents
| has become a practical reality. To our knowledge no articles or books have
been addressed to the subject of long-term ecological effects of herbicides,
integrated with studies of flora and fauna, raongeland, forests, other non-
1 agricultural lands, vaterways, lakes and reservoirs. 1In the preparation of
this review, it has been impressive ‘hat only two articles relating the full
concept of ecology to two of our interests, weeds (Harper, 1957} and forests
(Ovington, 1962), have been found. Harper points out that the most compre-
hensive food-chain study made so far involves only one weed, the ragwort; even
here many links are missing. Ovington states, "Despite rapid and significant
advances during the last decade, no reasonably comprehensive and balanced
picture of the quantitative ecology of a single woodland ecosystem exists."

In the Chapters II through V the amounts and trends in the use of
herbicides in noncrop areas are discussed. The military application of
herbicides, with special reference to their current use in the Vietnam con-
flict, is reviewed. Military usage is of particular interest to the scientific
community and the public; enormous amounts of herbicides are being applied
to large areas, partly to render the movements of the enemy more conspicuous,
partly to reduce his food resources; and the daily press has carried many
stories on this subject. On the other hand, less well known to the general
public are the large amounts of these same chemicals that are currently
being used in this country, and the results of their experimental application
- as studied and recorded in scientific investigations. We have reviewed the

application of herbicides to noncropland, forests, rangelands and aquatic
ecosystems.

The effects of vegetation management and the resultant ecological
consequences are discussed in Chapters VI through IX, and related to the

s herbicide applications previously mentioned. We have focused our attention on:
. the ecosystem, the relations of ecological action, the environmental relation-
i ships and the interactions of organisms within the community (i.e., food chains).
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Wle hive stressed the acute and chronic toxicity of herbicides, and emphasized
the effects of herbicide usage in certain biologically sensitive areas: e.g.,
mutagenic effects, teratology, long-term pathology, reproduction, and behavioral
changes. Another sensitive area of our inquiry concerns herbicide residues
and the persistence of these residuss in the environment, soil, water, fauna,
crops, and other vegetation. We have examined the ecological effects and
possible consequences of herbicides, defoliants and desiccants or the relation-
ships of ecological ocction in our environment. Our emphasis in thig respect
has been given to the ecological effects on both the biota (i.e., food chains,
faunal habitat and endangered species) and the abiotic processes (i.e., soil
erosion, aggradation, laterization, hydrology, veather and climate).

In conclusion, we have attempted to summarize our findings as
follovs:

1. What judgments about the impact of herbicides on the ecology can
be formed?

2. Which areas of inquiry are so inconclusive that reliable Judgments
cannot L.e made?
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II. HERBICIDE PRODUCTION USAGE AND TRENDS

Throughout history men have modified their habitat by removing or
controlling the surrounding vegetaticn--to provide greater security, better
transportation, easier agriculture, forest exploitation, or to enhance the
landscape (Becquerel, 1871, Marsh, 1885, and Dansereau, 1957). It has been
estimated that more effort is devoted to the modification of vegetation than
to any other human activity.

Fire, the ax, and browsing domestic animals have been the traditional
means for clearing land, harvesting the forests and controlling unwanted brush.
With these tools the deforestation of Europe, the cutting of the timberlands of
the United States, and conversion of vast prairie lands to agriculture were
accomplished--often nccompanied by drastic disturbances in the ecology of the
affected regions (Thomas, 1966; Darling and Milton, 1966).

Within the last 20 years, herbicides have become a major tool used
to control or destroy vegetation--rapidly, ecunomically and over large areas.

The discovery and secret development of 2,4-D during World War II
initiated a revolution in chemical weed control. In 1950, the estimated
market for herbicides came to only $1.5-2.0 million, chiefly for borates,
arsenites and other inorganic compounds. By 1965, this market had grown to
over $211 million. In 1959, American farmers treated 53 million acres of
acricultural land with herbicides at a cost of $129 million (including applica-
tion costs) (USDA, ARS 34-23-1, 1965). Over 119.7 million acres of farmland
was treated with herbicides in 1965, at a total cost of $493 million (Ennis,
1967). 1In a period of six years, herbicide usage more than doubled.

Without doubt, 2,4-D precipitated this phenomenal growth in herbi-
cides, and stimulated the development of a host of new and potent plant control
agents. By 1364, about 125 herbicide chemicals were marketed in some 8,000
different formulations.

Herbicides now represent the fastest growing segment of the pesti-
cides inductry. With 1966 production in the U. S. exceeding 220 million
pounds, herticides account for 26 percent of total pesticide tonnage, and for
44 percent cr the value of all pesticide producers' sales (Shepard et al.,
1967). Within a few years, chemicals for vegetation management will represent
over half the total pesticide market value.

The pattern of ever-increasing use of herbicides is shown in Figure
II-1. The older, inorganic herbicides and defoliants are declining in usage
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Figure II-1 - U, S. Production of Herbicides by Class, 1945 - 1967.
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as more selective, more effective and less hazardous agents have become avail-
able. Perhaps the most significant trend is that toward newer herbicides--such
as picloram, bromacil, cacodylic acid, fenuron, or paraquat--each tailored to
perform specific kinds of vegetation control (Table II-1).

ol
‘5;

TABLE II-1 i

U, 5., PRODUCTION OF ORGANIC HERBICIDES
(1,000 pounds)

2,4-D and Other Organic ,
Year 2,4,5-T Acids Herbicides
1958 34,622 25,295
1959 34,829 29,756
130 42,522 33,201
1961 50,301 46,367 1
1962 51,366 51,913 )
1963 55,402 64,626 '
1964 65,148 93,909
1965 74,921 111,127
1966 83,671 149,352

Source: The Pesticide Review, 1958-1967.

Already the usage of these newer herbicides exceeds that of the
phenoxy compounds which a few years ago dominated the field, and were the
chemicals of choice for general weed and brush control. Any assescment of long-
term effects of vegetation control must take into account thece newer compounds
which will become even more important in future control programs. Often less
is known about the action and fate of newer chemicals than is known about 2,4-D; .
certainly less long-term field experience has been accumulated regarding effects
of these new chemicals on the ecosystem.

Herbicides used in large quantities for vegetation control of non-
croplands are listed in Table II-2, along with information regarding oral
toxicity and some of the major applications of each herbicide.

The consumption of nearly 250 million pounds of herbicides gives
ample testimony to man's intention to control and dominate the landscape. The
overall purpose in using herbicides can be generalized as "weed control"--the
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suppression or renoval of vegetation which grows where it interferes with man's
intended use of the land.*

When used for vegetation control, herbicides kill or suppress some
species of plants, while leaving others unaffected. Thus, when dealing with a
relatively stable plant community, herbicidal control, like other methods of
control such as fire, mechanical removal, or biological control, results in
three primary ecological shifts:

(1) simplification of the plunt community,

(2) Setting the community back to a subclimax or unstable condition
in which some ecological niches are vacant, and

(3) Altering or reducing competition within the treated area.

These are the primary and direct effects of the herbicide, quite independent
of any side effects due to residues or toxicity.

The possibility of ecological repercussions from herbicide use depends
more on how these chemicals are used than on the total quantity of herbicides
produced and used. Ultimately, the avoidance of biological problems and side
effects is dependent upon the degree of ecological knowledge, management skill,
ard social responsibility of those who employ herbicidal chemicals. In any
particular application, the long-term consequences also depend upon:

(1) The purpose or objectives of herbicide use,

(2) The enviromnment to which herbicides are applied,

(3) The chemical agent used,

(4) The dosage rate or frequency of treatment, and

(5) The means of application and control of placement.

% Moore (1954) defined a weed as: "“A plant which interferes with man's
utilization of land for a specific purpose,” and Stearn (1956) comments:
"Taken as a whole, weeds are not so much a botanical as a human psycolog-
ical category within the plant kingdom, for a weed is simply a plant which
in a particular place at a particular time arouses human dislike and
attempts are made at its eradication or control, usually because it com-
petes with more desirable plants, sometimes because it serves as a host
to their pests and diseases, or is unpalatable or dangerous to domestic
beasts."
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Important Classes of Herbicide Use

In addition to use on croplands, herbicides are employed for a re-
markable variety of purposes--improving wildlife habitat, killing forest stands
prior to cutting, limiting the spread of disease vectors, increasing the graz- R
ing capacity of rangeland, maintaining industrial rights-of-way and increasing
the water yield or run-off of watersheds into reservoirs--to name a few.

Agricultural uses on crops consumes more than half the herbicides ]
sold in the U. S. Noncrop