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The boll weevil (Anthonomus grandis 
Boheman) (Fig. 1) has been a serious 
pest in U.S. cotton production since 
1892 (1). Today it is a key pest in more 
than half of the U.S. cotton acreage and 
causes an estimated 8 percent loss of 
yield (2). Cotton producers spend an ad- 
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oped resistance to the chlorinated hydro- 
carbon insecticides, beginning in 1954 
(7), and entomologists fear it may devel- 
op resistance to organophosphates such 
as methyl parathion. Insecticides direct- 
ed against the boll weevil also induced 
outbreaks of secondary pests, notably 
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Summary. Some representatives of the cotton industry and of the entomological 
profession advocate efforts to eradicate the boll weevil. This coalition originated in 
1958 from a complex of socioeconomic changes in cotton production and scientific 
developments in entomology. The results of a pilot eradication experiment (1971 to 
1973) were controversial, and the debate was inhibited by social pressures upon the 
entomological profession. Substantial conceptual difficulties also attend evaluations 
of eradication experiments. A new trial eradication program is under way. If its evalua- 
tion is not to be warped by problems similar to the earlier ones, both the social and 
scientific aspects of eradication must be recognized and steps must be taken to en- 
sure a full and open debate. 
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ditional $50 million per year for in- 
secticides (3). Environmental contam- 
ination from such efforts is high as an 
estimated 30 percent of all insecticides 
used in American agriculture is directed 
toward the boll weevil (4, p. 5). 

Cotton growers have relied heavily on 
synthetic, organic insecticides to con- 
troll boll weevils since the late 1940's. 
Toxaphene and methyl parathion have 
received particularly high use as did tox- 
aphene plus DDT until DDT was banned 
in 1972 (3, p. 2; 5, 6). Boll weevils devel- 
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the bollworm [Heliothis zea (Boddie)] 
and the tobacco budworm [Heliothis vi- 
rescens (Fabricius)]. Heliothis spp. in 
turn have developed resistance against 
insecticides that renders them difficult or 
impossible to control with chemicals (6). 

Resistance, outbreaks of secondary 
pests, and environmental hazards in- 
duced entomologists and cotton produc- 
ers to seek new control strategies for the 
boll weevil. One, insect pest management, 
aims to keep boll weevils at or below the 
economic threshold (the population den- 
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sity above which the returns from in- 
creased yields exceed the costs to sup- 
press) without inducing secondary pests 
(6). Such schemes are now in use in some 
areas, particularly the lower Rio Grande 
Valley of Texas (8). A second strategy is 
to eradicate the insect from the United 
States (9). The U.S. Department of Agri- 
culture (USDA) in conjunction with the 
cotton industry and the states of Virgin- 
ia, North Carolina, and South Carolina 
launched a 3-year trial boll weevil eradi- 
cation program (TBWEP) in 1978 (Fig. 
2). Its objective is to determine whether 
technology is currently available to erad- 
icate the boll weevil from the United 
States. A judgment that eradication tech- 
nology is available could lead to the 
launching of a multimillion-dollar nation- 
al eradication program. The technology 
being tested in TBWEP will be compared 
with an insect pest management strategy 
deployed in the optimum insect pest 
management trial (OIPMT) running con- 
currently in Panola County, Mississippi 
(10). 

Difficult policy questions are raised by 
the simultaneous existence of two alter- 
native and mutually exclusive control 
strategies: (i) What is the effectiveness of 
each? (ii) Does either require or deserve 
additional research? (iii) Are research 
needs for the two interchangeable? (iv) 
How should priorities be set on addition- 
al research needs? (v) If both strategies 
are successful, which (if either) should 
be implemented and how? (vi) Success- 
ful new control strategies for boll weevil 
might alter regional patterns of cotton 
production (11). What steps would be 
needed to alleviate possible socioeco- 
nomic distress? 
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These policy questions indicate that 
evaluations of TBWEP and OIPMT will 
involve difficult biological, social, eco- 
nomic, political, and environmental is- 
sues. Similar factors confounded the 
evaluations of the pilot boll weevil eradi- 
cation experiment (PBWEE) in 1973 and 
raise the possibility that the outcomes of 
TBWEP and OIPMT might also be sub- 
ject to multiple interpretations. In this 
article, I review the history of the events 
leading to the eradication trials with an 
emphasis on how scientific and social 
factors have been related. The argument 
presupposes that the coming evaluations 
of TBWEP and OIPMT will benefit from 
a more thorough knowledge of the past. 
Discussions of biological and environ- 
mental factors important to the problem 
have been presented (4, 12). 

Fig. 1. Boll weevil (An- 
thonomus grandis Bohe- 
man) feeding on cotton. 
[Courtesy of U.S. Depart- 
ment of Agriculture, Ani- 
mal and Plant Health In- 
spection Service] 

Background of the Eradication Idea 

Cotton producers faced a changing en- 
vironment in the decade after World War 
II. First, the chlorinated hydrocarbon in- 
secticides allowed the use of long season 
varieties with heavier fertilization and ir- 
rigation to produce more cotton; boll 
weevil reproduction was also favored, 
but the insects were controlled by the 
new insecticides (13, pp. 58-59; 14). Re- 
sistance of the boll weevil to the chlori- 
nated hydrocarbon insecticides was 
"solved" by the use of organophos- 
phates, but growers and entomologists 
feared that resistance to organophos- 
phates would render useless the new, 
profitable, production practices (14). 
Second, cotton was more widely grown 
as a cash crop in other parts of the 
world. Increased cotton supplies on the 
world market put severe pressure on cot- 
ton prices and profits of U.S. growers. 
Third, synthetic fibers were developed 
and widely used and thus put further 
competitive pressures on cotton profits 
(15). 

A scientific and political movement to 
eradicate the boll weevil evolved from 
the 1958 annual convention of the Na- 
tional Cotton Council (NCC), the organi- 
zation representing growers plus all oth- 
er segments of the cotton industry. Rob- 
ert R. Coker and J. F. McLaurin, both 
cotton producers from South Carolina, 
introduced a resolution declaring the boll 
weevil to be the number one enemy of 
cotton production. As J. Ritchie Smith, 
director of Technical Research Service 
at NCC later recalled, "It was [in 1958] 
that the National Cotton Council literally 
declared war on the boll weevil" (16). 
The NCC resolution led to an appropria- 
tion by the U.S. Congress for an invento- 
7 MARCH 1980 

ry of boll weevil research efforts then un- 
der way (17). 

Edward F. Knipling, then director of the 
Entomology Research Division, USDA, 
became the chairman of a study com- 
mittee, The Working Group on Boll 
Weevil Research Programs. The group 
concluded in their report of 30 December 
1958 that the future of conventional chem- 
ical control for boll weevils was serious- 
ly threatened, which posed the threat of 
disaster to the cotton industry. They rec- 
ommended the establishment of a new 
interdisciplinary laboratory near Missis- 
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sippi State University (18). Congress ap- 
propriated $1.1 million for its construc- 
tion, and the Boll Weevil Research Lab- 
oratory (BWRL) was dedicated in 1962 
(19, p. 95). 

Knipling made clear at the laborato- 
ry's dedication that eradication, if fea- 
sible, was the goal: "Congress expects 
more than minor improvements.... 
Therefore, the objective of the research 
should be to find ways of reducing losses 
to a minimum or to eliminate the prob- 
lem entirely. For my part, I feel that we 
should gear our thinking and direct our 

otank j-I'?.-[:1] Trial evaluation area 

imans W:3 Buffer zone 

nI [ Trial area cotton 
son 

Washington 
- 
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-Wilson 

Southern Virginia 
-Greenville 
-Southampton 

Fig. 2. Location of trial boll weevil eradication program, 1978 to 1980, in North Carolina and 
Virginia. "Trial evaluation area" is the zone in which experimenters hope to achieve eradica- 
tion. "Buffer zone" is the area in which boll weevils will be carefully controlled so that migra- 
tion of the insect into the eradication area will not confuse evaluation of the eradication tech- 
nology. [Courtesy of U.S. Department of Agriculture, Animal and Plant Health Inspection 
Service] 
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research efforts to the development of 
practical ways of eradicating the insect" 
(19, p. 2). 

Upon Knipling's recommendation, The- 
odore B. Davich was appointed director 
of the BWRL, and they, together with the 
staff designed a number of research lines: 
basic ecology of the insect, pheromone 
attractants, host-plant resistance, im- 
proved methods of chemical control, 
basic physiology of the cotton plant, 
feeding stimulants and inhibitors for the 
boll weevil, methods of mass rearing and 
sterilization, and others (20). The proj- 
ects on mass rearing and sterilization 
were of high importance to development 
of the eradication strategy because they 
were crucial to adoption of the sterile- 
male technique for boll weevils. Sterile 
males appeared to be highly useful for 
eradication efforts on the basis of their 
successes in eradicating screwworm flies 
from Curagao and Florida and suppress- 
ing them in Texas (21). Knipling noted in 
1963 that USDA financed research on 
sterile males by diverting funds from oth- 
er avenues (22), and in 1972 such re- 
search constituted 25 percent of the pub- 
lic funds spent on boll weevil research 
(4, p. 23). Both Knipling and Davich felt 
that the diversion was justified on the 
basis of the potential for eradication or 
population management offered by the 
method. 

The Pilot Eradication Experiment 

Results of research at the BWRL and 
elsewhere led Knipling to conclude in 
early 1968 that technology had advanced 
sufficiently to justify a large-scale eradi- 
cation experiment. The two most impor- 
tant advances were (i) a new method of 
using insecticides, the reproduction-dia- 
pause control method (r-d method), and 
(ii) improved possibilities for the use of 
the sterile-male technique (23). 

Insecticides have been used during the 
growing season since the 1920's. As long 
as the boll weevil was not resistant to 
them, they could reduce a population of 
thousands per acre to hundreds per acre 
or less. The novelty of r-d control was 
that insecticides were applied in late 
summer and early fall to kill the last re- 
producing generation of boll weevils and 
the diapausing boll weevils capable of 
overwintering. A grower who employed 
r-d control in one year might expect to 
find weevil populations in the following 
season at a level of tens per acre or less. 
He might not even have to treat for wee- 
vils until late in the following season. En- 
tomologists most involved with the re- 
search leading to the r-d method were 
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James R. Brazzel, L. Dale Newsom, 
Davich, Knipling, Perry L. Adkisson, 
E. P. Lloyd, D. R. Rummel, and others 
(24). Knipling believed in 1968 that use 
of the r-d method might make it feasible 
to eradicate boll weevils with insecticides 
alone, but his recommendations for an 
experiment included additional suppres- 
sive technologies (23). 

Davich and his colleagues tried five 
small-scale eradication trials utilizing 
sterile males alone or with insecticides in 
1962, 1964, and 1967. They judged that 
only two of them demonstrated the sup- 
pressive powers of sterile males, and an 
introduced population of gravid females 
was eradicated in one area. Raising and 
sterilizing the weevils plus the migration 
of "wild" insects into the test areas fre- 
quently presented problems in the exper- 
iments (25). Despite the difficulties, 
Knipling, Davich, and others were en- 
couraged, and other successes, such as 
the development of pheromones (23), re- 
inforced the dedication of Knipling and 
others to conducting an eradication ex- 
periment. 

The Technical Committee of the NCC 
prepared a resolution to establish a 
special study committee on boll weevil 
eradication that was approved in 1969 (26). 
Robert Coker was appointed to chair the 
committee consisting of growers plus en- 
tomologists Knipling, Brazzel, Davich, 
Adkisson, and David Young. In May 
1969, Coker appointed Knipling as chair- 
man of a subcommittee to select a site 
for the proposed eradication trial (27). 
Knipling led his group of six through a 
whirlwind of visits across the South in 
June. Their report, finished by August, 
recommended a location centered in Jef- 
ferson Davis and Covington counties, 
Mississippi. They emphasized the need 
for urgency in moving forward because 
of the danger that the boll weevil might 
become resistant to the organophosphate 
insecticides and because there was grow- 
ing public pressure against the use of in- 
secticides in general (27). 

The experiment outlined by the sub- 
committee in 1969 was based on a care- 
fully coordinated set of technologies to 
be used over a period of 3 years. They 
included in chronological order (i) the 
use of insecticides by growers during the 
first growing season, (ii) r-d control the 
first fall, (iii) defoliation, desiccation, and 
stalk destruction the first fall, (iv) use of 
boll weevil pheromone traps in the 
spring of the second year, (v) early sea- 
son insecticide treatment the second 
year before boll weevil populations were 
actually damaging, (vi) release of sterile 
males the second year, and (vii) use 
where necessary of insecticides to con- 

trol any detected outbreaks of boll wee- 
vils. Steps (ii) to (vii) would be repeated 
during the second and third years (27, 
28). The planned 3-year sequence ran for 
only 2 years because of a shortage of 
funds, a factor that contributed to the 
difficulty of evaluating the results. 

At the initiation of the PBWEE in 
1971, Coker simultaneously asked the 
special study committee to begin think- 
ing about a systematic eradication effort 
across the cotton belt (29). Launching 
the experiment was thus combined with 
efforts to initiate a national eradication 
program. 

Three expert committees evaluated 
the trial. First was the Technical Guid- 
ance Committee (TGC), a group co- 
chaired by Knipling and Brazzel that 
oversaw the operations of the PBWEE. 
On 30 August 1973, they gathered in 
State College, Mississippi, for their last 
session. Knipling had prepared in ad- 
vance of the meeting a draft statement 
declaring that the experiment demon- 
strated the technical feasibility of eradi- 
cating the boll weevil. The TGC dis- 
cussed it at some length, and Perry L. 
Adkisson (Texas A & M University) 
emerged as the reluctant leader of those 
who hesitated to agree with Knipling's 
statement. Adkisson's position repre- 
sented a change for him, because he had 
been optimistic about prospects for erad- 
ication until at least April (30, 31). 

The disagreement within the TGC 
must be understood on both biological 
and sociopolitical grounds. Two main bi- 
ological problems faced the committee: 
(i) Were boll weevils detectable in the 
eradication zone? (ii) If yes, were they 
native or immigrants? If no boll weevils 
were detectable, then a prima facie case 
existed for eradication. If they were, 
then the argument became absolutely de- 
pendent on the demonstration either that 
they were immigrants or that they could 
not reproduce because of the sterile 
males. 

Intense visual and machine surveys 
were the primary detection methods. A 
third method was the use of pheromone 
traps that underwent substantial devel- 
opment between 1971 and 1973 (4, pp. 
34-40). During the last month of the ex- 
periment, visual and machine surveys 
detected no boll weevils in the southern 
two-thirds of the eradication zone, but 
the northern part was infested (4, pp. 75- 
81 and 108-112). Pheromone traps, how- 
ever, provided detection of a few boll 
weevils in the southern part of the eradi- 
cation zone during the last month (4, pp. 
82-89; 30). Furthermore, Adkisson re- 
ceived informal reports that the visual 
surveys might have missed some infesta- 
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tions. He considered the reports reliable, 
and they were a key factor influencing 
his conclusion that boll weevils had not 
been eradicated. The informal reports 
were not widely discussed at the time be- 
cause of apprehension that careers could 
be damaged by pressing the issue (30). 

Data indicating the presence of wee- 
vils thus forced the argument into one of 
migration and the capacity of boll wee- 
vils to reproduce in the eradication zone 
(30,32). Boll weevils can migrate at least 
45 miles and possibly more (33). Because 
most cotton in the eradication zone was 
within 45 miles of infested cotton, it was 
not unreasonable to argue that boll wee- 
vils found in the area were immigrants. 
Migration data lent no support to the hy- 
pothesis that boll weevils present in the 
eradication zone during the last month 
were immigrants (4, pp. 103-107), but 
they could not refute the converse. Ac- 
knowledged imperfections in the sterile- 
male technique made it difficult, but not 
impossible, to argue that reproduction 
was fully blocked in the eradication zone 
(4, pp. 95-102 and 119-121; 30, 34). 

Adkisson reasoned that (i) boll weevils 
of unknown origin were in the eradica- 
tion zone and (ii) the sterile-male tech- 
nique was not yet working for boll wee- 
vils, a prerequisite he considered essen- 
tial for eradication. He therefore con- 
cluded that technology was not sufficient 
to eradicate the insect. Knipling, Braz- 
zel, Davich, and others concluded that it 
was. Both judgments rested on the bio- 
logical data, different sets of assump- 
tions about migration and reproduction, 
and varying levels of commitment to 
eradication as a control strategy. 

The sociopolitical factors thus became 
crucial to the matter. Key entomologists, 
including Adkisson, and the NCC had 
been preparing a plan for a national boll 
weevil eradication program for more 
than a year (35, 36), and the NCC staff 
was predisposed to eradication at the time 
of the TGC meeting (30, 37). Adkisson 
was unwilling to sign a statement declar- 
ing eradication feasible because he knew 
that the statement would be used to sup- 
port launching an expensive program 
costing growers and government sub- 
stantial sums. He believed that it would 
have been professionally unethical for 
him to tell cotton producers that tech- 
nology was available to rid them of their 
boll weevil problems when he believed 
that it was not (30, 32). 

Adkisson's stance led him to suggest a 
compromise wording in which "elimi- 
nate as an economic pest" was sub- 
stituted for "eradicate." He believed 
that his compromise language was good 
at the time because it allowed a com- 
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mittee that was clearly split to avoid a 
minority report. His sense that some oth- 
er members of the TGC were in a diffi- 
cult position politically led him to devise 
his compromise wording and thus avoid 
a traumatic fight over a split decision 
(30). 

Ambiguity in the compromise lan- 
guage made subsequent policy-making 
contentious. Coker, J. Ritchie Smith, 
Knipling, and Brazzel simply went on be- 
having as though "eliminate as an 
economic pest" was entirely synonymous 
with "eradicate" as they launched a 
movement for a national "elimination" 
program (38, 39). Adkisson used the 
language in an entirely different vein: 
He believed technology could eliminate 
economic damage by the insect, but any 
program based on it would be open-ended. 
It would have to be used year after 
year because it would not really reduce 
the boll weevil population to zero. He 
felt that as long as cotton growers under- 
stood the difference between open- and 
closed-ended programs, they were well 
served (30). 

A second evaluation was performed 
by a committee of the Entomological So- 
ciety of America (ESA), whose origins 
came from "certain [unspecified] mem- 
bers ..." of the TGC (40). The ambi- 
guity of the TGC report was only slightly 
alleviated by the ESA committee, which 
was sure that eradication meant reduc- 
tion of a specified population in a partic- 
ular area to zero and therefore "eradica- 
tion" and "elimination as an economic 
pest" might be different. The committee 
could not, however, agree on whether 
there was any significant difference be- 
tween "accomplishing eradication" and 
"demonstrating feasibility of eradica- 
tion." Furthermore, the committee was 
divided over whether or not technical 
feasibility of eradication was demon- 
strated in the experiment. They ex- 
pressed "reservations" about under- 
taking any massive program of eradica- 
tion until further research had improved 
the techniques used in the PBWEE. De- 
spite reservations, the committee explic- 
itly made no judgment on whether a na- 
tional eradication effort should be at- 
tempted. Rather, the committee said the 
matter was a sociopolitical decision that 
should be made "objectively" (41). In- 
decision was the hallmark of the ESA re- 
port and it suggests that something about 
eradication is conceptually troublesome 
to the entomological community. 

The third evaluation of the PBWEE 
was performed at the National Academy 
of Sciences (NAS) by a committee 
chaired by Donald Kennedy (Stanford 
University) and for which I served as the 

principal staff officer. Kennedy's com- 
mittee performed a general technology 
assessment of pest control methods, and 
eradication came into its purview as a 
concept of insect control. Evaluating 
boll weevil eradication fell primarily to a 
subgroup, the Cotton Study Team, 
chaired by Stanley D. Beck (University 
of Wisconsin); Adkisson was a member of 
both the parent body and the Cotton 
Study Team. 

In late 1974, the draft of the Cotton 
Study Team's report expressed severe 
doubt about the technical feasibility of 
eradicating the boll weevil. The draft 
was subjected to the usual NAS peer re- 
view by a committee chaired by S. 
Hendricks (USDA); Knipling was a 
member. Knipling disagreed with the 
conclusions of the Cotton Study Team 
on eradication, but perhaps more impor- 
tantly he was absolutely outraged by 
what he considered the heavily biased 
manner in which the conclusion was 
reached and presented. He considered 
Beck a longtime opponent of eradica- 
tion efforts and that his appointment to 
chair an NAS committee was bound to 
lead to predetermined conclusions. Fur- 
thermore, he questioned whether Adkis- 
son adhered to a consistent position on 
eradication (36). 

Knipling believed that the NAS simply 
should not put out a statement that de- 
scribed only the problems of eradication, 
which he said he agreed with, without at 
the same time presenting the benefits to 
be gained should eradication succeed. A 
flurry of negotiations ensued among 
Knipling, Adkisson, Beck, Kennedy, 
and Philip Handler, president of the 
NAS, and resulted in a compromise by 
late 1975 (30, 36, 42). The revised Cotton 
Study Team report was released in early 
1976. Its toned-down statement contin- 
ued to express strong reservations about 
the feasibility of eradicating the weevil, 
but it went along with the eradication 
proponents to the extent that a trial pro- 
gram in North Carolina should be con- 
ducted before a final decision was made 
(13, pp. 4-5). The concept of continuing 
large-scale eradication trials was thus le- 
gitimized. 

The Trial Eradication Program 

The origin of a limited trial program on 
the eastern edge of the boll weevil belt 
came from extensive discussions held 
before and in the wake of the PBWEE. 
Coker appointed a committee to develop 
a plan for a national program in early 
1972, more than a year before the end of 
the PBWEE (35). Knipling chaired the 
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group, which included Brazzel and Ad- 
kisson among its ten members. The com- 
mittee recommended, on 4 December 
1973, that a national "elimination" pro- 
gram be started in 1975 in western Texas 
and proceed eastward. All boll weevils 
were to be eliminated by the end of the 
eighth year (1982) (39, pp. 5, 6, and 57). 
Coker and others from the cotton industry 
met in Washington, D.C., on 12 Decem- 
ber to discuss the subcommittee's report 
with Secretary of Agriculture Earl Butz, 
other USDA administrators, and a num- 
ber of congressman (43). 

Proponents of eradication, however, 
could not organize a sufficiently strong 
base of support for a national eradication 
program begun in Texas. The transition 
began during conferences on boll weevil 
research and elimination strategies held 
in February 1974. J. R. Phillips (Univer- 
sity of Arkansas) presented a statement 
from himself and seven other southern 
entomologists who had severe doubts 
about the technology then available (4, 
p. 169). Charles Lincoln (University of 
Arkansas), Dale Newsom (Louisiana 
State University), and Dan Clower (also 
LSU) expressed similar opinions inde- 
pendently (4, pp. 149-153 and 172; 44). 

Fowden G. Maxwell, chairman of the 
entomology department at Mississippi 
State University and a member of the 
TGC, proposed a compromise in April 
1974, for a limited trial eradication pro- 
gram that, if successful, could be ex- 
panded to a national program. He also 
recommended that a research team be 
established to evaluate the effort and rec- 
ommend appropriate follow-up including 
options to abort, hold, or expand (45). 
Maxwell's proposal was quickly adopted 
by university and cotton industry people 
in Mississippi and by the directors of the 
southern agricultural experiment sta- 
tions (46). Adkisson completed the tran- 
sition by explaining to key Texas cotton 
growers why he felt that a national pro- 
gram was premature (30,32). His opposi- 
tion was probably influential in the judg- 
ment made on 6 June 1974, by Assistant 
Secretary of Agriculture Robert W. 
Long, that a trial program should be held 
in North Carolina (47). In October, the 
limited program received sufficient en- 
dorsement to proceed from federal and 
state entomologists, regulatory person- 
nel, and the cotton industry (48). NCC's 
original proposal for a national program 
had discussed and dismissed the proposi- 
tion of beginning in Virginia and North 
Carolina (39, pp. 56-57). A complex of 
political and scientific considerations led 
to the adoption of a limited trial in the 
eastern United States. 
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Problems of coordinating legal and fi- 
nancial arrangements between the feder- 
al and state governments and cotton 
growers proved to be time-consuming. 
Mississippi congressman J. Whitten, 
chairman of the Agricultural Appropria- 
tions Subcommittee, raised a series of 
objections to the program between 1974 
and September 1977. His committee in- 
cluded concerns over (i) the regulatory 
powers essential to the program amount- 
ed to undesirable federal land-use con- 
trol (49), (ii) insufficient grower and state 
cooperation with the program (50, 51, p. 
458; 52, pp. 346-347; 53), and (iii) lack of 
technical feasibility of the eradication 
technology (50, 51, pp. 453-456; 52, p. 
385: 53). The delay, until October 1974, 
of agreement on the size and location of 
the trial precluded USDA's request for 
funds for the trial for the fiscal year 1976 
budget (54, pp. 92-94 and 130-132); the 
Senate provided an appropriation of $3.5 
million anyway, but acceded to Whit- 
ten's position for delay in conference 
(50,55). Secretary Butz arranged a meet- 
ing of cotton industry people, the gover- 
nors of North and South Carolina, and 
high USDA officials with President Ger- 
ald Ford on 9 January 1976, and Ford al- 
lowed USDA to request $1.7 million for 
an eradication trial for fiscal year 1977 
(56). The Senate in 1976 urged immediate 
implementation of the trial, but Whitten 
again prevailed in conference and re- 
fused to allow the expenditure of the $1.7 
million until all states had passed and im- 
plemented legislation authorizing their 
participation, and the director of the 
BWRL certified a technical break- 
through that justified trying eradication 
again. Whitten in 1976 specifically cited 
the doubts raised by the recently re- 
leased NAS study as justification for his 
skepticism on the adequacy of the tech- 
nology (57). The stalemate lasted until 
1977 when Whitten agreed to USDA's 
argument that the required develop- 
ments had been achieved with (i) im- 
proved mass rearing techniques, and (ii) 
improved sterilization techniques (58). 
The TBWEP began in 1978. 

The Policy Lessons 

Two items of utmost importance for 
policy considerations are suggested by 
the examination of the historical devel- 
opment of TBWEP. 

1) It is not yet demonstrated that we 
have adequate institutions for evaluating 
eradication experiments. Evaluations of 
PBWEE do not inspire confidence: the 
TGC released an evaluation that was 

used exactly as each individual on that 
committee wanted. The ESA committee 
was a bit more clear in that they ex- 
pressed reservations about continuing 
eradication efforts without further re- 
search. They failed, however, because 
they did not explain what the important 
issues were in evaluating the eradication 
experiment. The Cotton Study Team's 
report was influential in the Congress; 
yet its recommendations, too, were not 
free of the deep splits in the entomologic- 
al community. The report merely said 
that eradication probably would not 
work but that final judgment should be 
held in abeyance pending the results of 
the trial in North Carolina (59). 

The underlying problem was that rep- 
resentatives of the cotton industry, 
working in collaboration with key federal 
and state entomologists, dominated the 
politics of boll weevil eradication from 
1958 to 1973. Had the coalition had its 
way in 1973-1974, the United States 
would now, in 1980, be in the midst of a 
national program to eradicate the boll 
weevil based on technology that in 1973 
did not inspire the confidence of the en- 
tomological profession as a whole. 

Some entomologists who judged eradi- 
cation infeasible felt that they had to ex- 
press their opinions guardedly, but oth- 
ers spoke out openly and forcefully. Un- 
willingness to risk careers and alienate 
the political support of such organiza- 
tions as the NCC were the causes of reti- 
cence among part of the entomological 
profession. It is my judgment that the 
commitment to eradication in 1973 by 
the NCC and certain key entomologists 
stifled what should have been an open 
and wide-ranging debate about the feasi- 
bility and desirability of an eradication 
program compared to its alternatives 
(60). Each of the policy studies on 
PBWEE was warped because of the in- 
tensity of feelings on the eradication is- 
sue. It is likely that the evaluations of the 
TBWEP will occur under pressures simi- 
lar to that of the PBWEE. Failure to rec- 
ognize and correct this situation will in 
all likelihood create further muddled 
studies. 

The USDA has established an elabo- 
rate process for evaluating the TBWEP 
on biological, economic, and environ- 
mental grounds. Eradication will be ex- 
plicitly compared with the alternative 
strategies-(i) optimum insect pest man- 
agement and (ii) current insect control 
practices with insecticides. The broader 
scope of the proposed evaluation com- 
pared to that done for the PBWEE is 
clearly an improvement for which USDA 
should be commended. Moreover, the 
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USDA has asked the NAS also to perform 
an independent assessment of the trial 
programs and of the USDA evaluations 
(61). Whether the evaluation apparatus 
will be able to sustain open debate re- 
mains to be seen. 

2) The eradication concept is concep- 
tually troublesome to the entomological 
profession. I have argued (62) that two 
paradigms for guiding research in ento- 
mology developed after 1955. Both were 
intended to lead insect control practices 
away from heavy reliance upon chem- 
icals. One paradigm is integrated pest 
management (IPM), which envisions the 
containment of insect populations below 
an economic threshold. IPM guided the 
design of the OIPMT. The second para- 
digm, which I have labeled total popu- 
lation management (TPM), envisions the 
suppression of total populations of in- 
sects over large areas with a variety of 
control techniques; for a few key spe- 
cies, one of which is the boll weevil, 
eradication is seen as the goal toward 
which entomologists ought to bend their 
research efforts. PBWEE and TBWEP 
are the most sophisticated experiments 
ever designed under the influence of the 
TPM paradigm. 

Thomas Kuhn made the concept of 
paradigms highly influential in the study 
of how scientific change takes place. He 
asserts that scientists who adhere to dif- 
ferent paradigms frequently have trouble 
communicating with each other because 
they are envisioning different problems, 
using language in different ways, and de- 
signing and interpreting experiments 
based on different a priori suppositions 
(63, pp. 320-339). This article is not the 
place for a thorough discussion on the 
use of Kuhn's ideas in the study of en- 
tomologists, but as a first approximation 
he has given us a conceptual framework 
for understanding the underlying dispute 
between proponents and opponents of 
boll weevil eradication. The opponents 
have been associated largely with the 
IPM paradigm, whereas the proponents 
have been associated with TPM. Be- 
cause the two schools see the solution to 
insect problems in quite different ways 
(containment versus annihilation), they 
are inclined to judge scientific data by 
different criteria. Adherents of the TPM 
paradigm saw the dramatic decreases in 
boll weevil populations in the PBWEE 
experiment and concluded that the tech- 
nology available, with refinement, could 
drive the population to zero. Adherents 
of the IPM school looked at the same 
data with a different set of suppositions 
and concluded that the boll weevil could 
not be eradicated. 
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Conclusion and Summary 

The TBWEP grew from a close work- 
ing relationship between particular en- 
tomologists and the cotton industry over 
a period of years. One previous experi- 
ment to eradicate the insect, PBWEE, 
engendered considerable controversy 
within the entomological community, 
and the evaluation of the new trial exper- 
iment may face similar difficulties. The 
USDA, the NAS, the scientific commu- 
nity, and the cotton industry must coop- 
erate in a full and open debate during the 
evaluation period. It must also be recog- 
nized that difficulties of scientific com- 
munication will attend the comparison of 
an eradication strategy with a pest man- 
agement strategy. The nation must avoid 
either launching or canceling a billion- 
dollar eradication program based on in- 
adequate technical, environmental, and 
social evaluation. The story told here 
should provide some insights into what 
will be a difficult task. 

References and Notes 

1. R. B. Vance, Human Factors in Cotton Culture 
(Univ. of North Carolina Press, Chapel Hill, 
1929), pp. 97-99; D. Helms, "The cotton boll 
weevil in Texas and Louisiana, 1892-1907," 
thesis, Florida State University (1970). 

2. U.S. Department of Agriculture, Losses in Agri- 
culture (Government Printing Office, Washing- 
ton, D.C., 1965), p. 43. The dollar value of the 
losses is difficult to calculate because of the un- 
certainty of the price of cotton if the lost 8 per- 
cent suddenly were to appear on the market. Es- 
timates made on the heroic assumption of no 
price change despite increased supplies range 
from $200 million to $300 million annually. They 
can be considered maximum estimates of the 
damage. For example, see: E. F. Knipling, Bull. 
Entomol. Soc. Am. 12, 12 (1966); U.C. Loftin, 
Smithson. Inst. Annu. Rep. (1945), p. 288; (3), p. 
3; (4), p. 3. 

3. National Cotton Council, "Boll weevil losses; 
value and location of losses caused by the boll 
weevil" (National Cotton Council, Memphis, 
Tenn., 1974), unpublished report; estimates of 
spraying costs for each state are calculated from 
line 1 of table 1. 

4. Agricultural Research Service, Boll Weevil Sup- 
pression, Management, and Elimination Tech- 
nology (U.S. Department of Agriculture, Wash- 
ington, D.C., 1976), ARS-S-71. 

5. J. H. Perkins, Technol. Culture 19, 169 (1978); 
L. D. Newsom and J. R. Brazzel, in Advances in 
Production and Utilization of Quality Cotton: 
Principles and Practices, F. C. Elliott, M. Hoo- 
ver, W. K. Porter, Eds. (Iowa State Univ. 
Press, Ames, 1968), pp. 367-405; L. D. News- 
om, in Proceedings of the Summer Institute on 
Biological Control of Plant Insects and Diseases, 
F. G. Maxwell and F. A. Harris, Eds. (Univer- 
sity Press of Mississippi, Jackson, 1974), pp. 1- 
18. 

6. H. T. Reynolds, P. L. Adkisson, R. F. Smith, in 
Introduction to Pest Management, R. L. Met- 
calf and W. H. Luckmann, Eds. (Wiley, New 
York, 1975), pp. 379-443. 

7. J. S. Roussel and D. Clower, Louisiana State 
Univ. Agric. Mech. Coil., Circ. No. 41 (1955). 

8. D. G. Bottrell and P. L. Adkisson, Annu. Rev. 
Entomol. 22, 451 (1977). 

9. E. F. Knipling, Bull. Entomol. Soc. Am. 24, 44 
(1978). 

10. "Action plan for boll weevil eradication pro- 
gram," unpublished document provided by J. R. 
Brazzel (USDA); "Mississippi plan of work- 
optimum pest management program, Panola 
County, Mississippi," unpublished document 
prepared by the Cooperative Extension Service, 
Mississippi State University, 19 January 1978. 

11. C. R. Taylor and R. D. Lacewell, South J. Ag- ric. Econ. 9, 129 (1977); R. D. Lacewell and C. R. 

Taylor, South. Coop. Ser. Bull. (No. 228) (June 
1978); Systems Control, On Boll Weevil Eradi- 
cation (Systems Control, Inc., Palo Alto, Calif., 
1977). 

12. Animal and Plant Health Inspection Service, 
Environmental Statement for Trial Boll Weevil 
Eradication Experiment (U.S. Department of 
Agriculture, Washington, D.C., 1976), appendix 
J; I. R. Manners, Geogr. Rev. 69, 25 (1979). 

13. National Research Council, Pest Control: An 
Assessment of Present and Alternative Tech- 
nologies, vol. 3, Cotton Pest Control (National 
Academy of Sciences, Washington, D.C., 1975). 

14. H. G. Johnston, Insect Control (National Cotton 
Council, Memphis, Tenn., 1962). 

15. J. H. Street, New Revolution in the Cotton 
Economy: Mechanization and Its Consequences 
(Univ. of North Carolina Press, Chapel Hill, 
1957). The U.S. production of world cotton sup- 
plies dropped from 42 percent (9.015 million 
bales out of 21.410 million) in 1945 to 26 percent 
(10.964 million bales out of 42.105 million) in 
1957. Domestic consumption of cotton fibers 
dropped from 88 percent of all fibers consumed 
to 58 percent between 1930 and 1957 [Economic 
Research Service, Statistics on Cotton and Re- 
lated Data 1930-1967 (U.S. Department of Agri- 
culture, Washington, D.C., 1968), tables 15 and 
37]. 

16. J. R. Smith, "Statement on boll weevil eradica- 
tion," 4 April 1973, 3 pp. mimeograph. 

17. R. R. Coker testified before J. L. Whitten's Sub- 
committee on Agricultural Appropriations on 18 
March 1958. His major argument was that com- 
pared with the damage done by boll weevils, 
little federal research was directed toward alle- 
viating the problem. Under questioning by Whit- 
ten, Coker had no specific suggestions for re- 
search projects. Nevertheless, the House pro- 
vided $25,000 for a study; the Senate Appropria- 
tions Committee wanted to increase the sum by 
$100,000, but the House prevailed in conference 
[see U.S. Congress, House, Committee on Ap- 
propriations, Department of Agriculture Appro- 
priations for 1959, hearings, part 5, 85-2 (1958), 
pp. 449-466; Department of Agriculture and 
Farm Credit Administration Appropriation, 
1959, House Report 1584, 85-2 (1958), pp. 12- 
13; Department of Agriculture and Farm Credit 

Administration Appropriation Bill, 1959, House 
Report 1776, 85-2 (1958), p. 4; U.S. Congress, 
Senate, Committee on Appropriations, Agricul- 
tural and Farm Credit Appropriation Bill, 1959, 
Senate Report. 1438, 85-2 (1958), pp. 6-7]. 

18. Working Group on Boll Weevil Research Pro- 
grams, "The boll weevil problem and research 
and facility needs to meet the problem" (U.S. 
Department of Agriculture, Washington, D.C., 
1958), unpublished report. 

19. Proceedings of Boll Weevil Research Sym- 
posium (U.S. Department of Agriculture, Wash- 
ington, D.C., 1962). 

20. Boll Weevil Research Laboratory (U.S. Depart- 
ment of Agriculture, Washington, D.C., 1962). 

21. E. F. Knipling, Smithsonian Report for 1958, 
(1959), p. 409; J. H. Perkins, Environmental Re- 
view 5/78, 19 (1978); C. G. Scruggs, The Peace- 
ful Atom and the Deadly Fly (Jenkins, Austin, 
Tex., 1975). 

22. E. F. Knipling, Agric. Sci. Rev. 1, 2 (1963). 
23. , "Technically feasible approaches to boll 

weevil eradication," presented at Beltwide Cot- 
ton Production-Mechanization Conference, Hot 
Springs, Ark., 11-12 January 1968. 

24. Personal interviews with J. R. Brazzel, L. D. 
Newsom, T. B. Davich, C. R. Parencia, and J. 
R. Smith (1978); D. G. Bottrell, personal com- 
munication, 19 April 1979. 

25. T. B. Davich, J. C. Keller, E. B. Mitchell, P. 
Huddleston, R. Hill, D. A. Lindquist, G. 
McKibben, W. H. Cross, J. Econ. Entomol. 58, 
127 (1965): T. B. Davich, M. E. Merkl, E. B. 
Mitchell, D. D. Hardee, R. T. Gast, G. H. 
McKibben, P. A. Huddleston, ibid. 60, 1533 
(1967); T. B. Davich, in Sterile-Male Technique 
for Eradication or Control of Harmful Insects 
(Joint FAO/IAEA Division of Atomic Energy in 
Food and Agriculture, International Atomic En- 
ergy Agency, Vienna, 1969), pp. 65-72. 

26. J. R. Smith, personal communication. 
27. National Cotton Council, "Selection of loca- 

tions for pilot boll weevil eradication experi- 
ments," unpublished report, 15 August 1969. 
The experiment was conducted from 1971 to 
1973 and included all of the planned suppressive 
techniques except desiccation; one additional 
suppressive technique, the use of a trap crop 
treated with a systemic insecticide, was added 
after 1969. Technical difficulties with the sterile- 
male technique resulted in the release of boll 
weevils that were neither completely sterile nor 
all male (4, pp. 62-69; 28). 

1049 



28. The effort was a cooperative one between the 
USDA, Mississippi State University, the Missis- 
sippi State Department of Agriculture, and the 
cotton industry. The total costs of the experi- 
ment were estimated to be $5.25 million (39); 
USDA, $3.61 million; Cotton, Inc., $1.08 mil- 
lion; Mississippi, $0.56 million. 

29. R. R. Coker, to Special Study Committee on 
Boll Weevil Eradication, 26 March 1971, C. R. 
Parencia file: "Technical Guidance Committee 
for Pilot Boll Weevil Eradication Experiment." 

30. P. L. Adkisson, personal interview (1978). 
31. C. R. Parencia, to participants, 13 September 

1973, C. R. Parencia file: "Minutes of TGC 5 to 
11;" C. R. Parencia, personal communications, 
13 April 1979; J. R. Smith, to Individuals Listed 
on Attached Statement, 11 April f973; C. R. Pa- 
rencia file: "Correspondence-statement of tech- 
nical guidance and ESA committees (relevant 
correspondence)." Smith's memorandum con- 
tained a copy of a statement that the TGC 
agreed to during their meeting of 4 and 5 April. 
The statement announced that prospects were 
excellent for demonstrating the feasibility and 
practicality of boll weevil eradication. Smith in- 
tended to use the statement with top managers 
of the National Cotton Council (C.R. Parencia, 
to participants, 19 April 1973, Charles R. Pa- 
rencia file: "Minutes of TGC 5 to 11"). 

32. P. L. Adkisson to L. D. Anderson, letter dated 5 
June 1974. 

33. T. B. Davich, D. D. Hardee, J. Alcala M., J. 
Econ. Entomol. 63, 1706 (1970). 

34. D. D. Hardee to J. R. Brazzel through T. B. 
Davich, 1 February 1974; E. F. Knipling to D. 
D. Hardee through T. B. Davich, 5 February 
1974; both letters in J. R. Brazzel file: "B. W. 
Erad-Seminar Memphis, Feb. 13-15, 1974." 

35. R. R. Coker to P. L. Adkisson, 26 May 1972, 
from files of J. R. Smith. 

36. F. Knipling, personal interview (1976). 
37. J. R. Smith to J. R. Brazzel, 31 August 1973, J. 

R. Brazzel file: "Boll Weevil Eradication-Mis- 
cellaneous." 

38. J. M. Brown, minutes 3 to 4 December 1973, 
"Special Study Committee on Boll Weevil Erad- 
ication and Technical Subcommittee to Develop 
Overall Plan for Boll Weevil Eradication," from 
the personal files of J. R. Smith; M. Maros to E. 
L. Butz, 7 December 1973; J. R. Smith, personal 
file. 

39. National Cotton Council, Overall Plan for a Na- 
tional Program to Eliminate the Boll Weevil 
from the United States (National Cotton Coun- 
cil, Memphis, Tenn., 4 December 1973). 

40. E. F. Knipling and J. R. Brazzel to G. E. Guyer, 
27 February 1973, C. R. Parencia file: "Corre- 
spondence-Statement of Technical Guidance 
and ESA Committees (Relevant Correspon- 
dence)." 

41. Entomological Society of America Review 
Committee, Bull. Entomol. Soc. Am. 19, 218 
(1973). 

42. E. F. Knipling to S. Hendricks, 16 December 
1974; R. E. Green to Reviewers of the Pesticide 
Study, 30 December 1974; R. E. Green to E. F. 

Knipling, 24 April 1975; E. F. Knipling to R. E. 
Green, 29 April 1975; E. F. Knipling to P. Han- 
dler, 25 June 1975, 18 July 1975, and 27 Au- 
gust 1975; E. F. Knipling to J. Coleman, 28 
August 1975; P. Handler to E. F. Knipling, 23 
September 1975; all of above supplied by E. F. 
Knipling, 13 to 14 July 1976. 

43. T. B. Davich to R. J. McCracken, 13 December 
1973, J. R. Brazzel file: "B. W. Erad-Seminar 
Memphis, Feb. 13-15, 1974." 

44. D. F. Clower, "A statement regarding the plan 
to eradicate the boll weevil from the United 
States," presented to the American Farm Bu- 
reau Cotton Advisory Committee, 9 April 1974. 

45. F. G. Maxwell to L. N. Wise, 17 April 1974; J. 
R. Smith personal files. 

46. W. L. Giles to J. C. Stennis, 25 June 1974; J. R. 
Smith personal files; L. N. Wise to J. L. Whit- 
ten, 16 July 1974; J. R. Brazzel file: "State Pro- 
posals (BW Erad)"; R. D. Rouse to R. W. Long, 
3 June 1974, J. R. Smith personal files. 

47. F. J. Boyd to J. R. Brazzel, 6 June 1974, from J. 
R. Brazzel file: "Secretary's Briefing June 26, 
1974." 

48. A. R. Russell to E. L. Butz, 14 February 1975, J. 
R. Smith personal files. 

49. U.S. Congress, House Report 93-1120, 18 June 
1974. 

50. U.S. Congress, House Report 94-528, 2 October 
1975. 

51. U.S. Congress, House, Committee on Appro- 
priations, Agriculture and Related Agencies Ap- 
propriation for 1977, Hearings, part 3 (Govern- 
ment Printing Office, Washington, D.C., 1976). 

52. U.S. Congress, House, Committee on Appro- 
priations, Agriculture and Related Agencies Ap- 
propriations for 1978, Hearings, part 2 (Govern- 
ment Printing Office, Washington, D.C., 1977). 

53. U.S. Congress, House Report 95-384, 2 June 
1977. 

54. U.S. Congress, Senate, Committee on Appro- 
priations, Agriculture and Related Agencies Ap- 
propriations, Fiscal Year 1976, Hearings, part 1 
(Government Printing Office, Washington, 
D.C., 1975). 

55. U.S. Congress, Senate Report 94-293, 22 July 
1975. 

56. A. R. Russell to Beltwide Action Committee, 22 
January 1976, J. R. Smith personal files. 

57. U.S. Congress, House Report 94-1224, 8 June 
1976; U.S. Congress, Senate Report 94-968, 21 
June 1976; U.S. Congress, House Report 94- 
1303, 25 June 1976. 

58. R. R. Coker to Boll Weevil Action Committee 
on Boll Weevil Eradication, 30 September 1977, 
J. R. Smith personal files. Attached to this mem- 
orandum are press releases from USDA and the 
National Cotton Council plus a summary pre- 
pared by USDA of improvements in technology. 

59. Although I was not deeply involved with the 
writing of the Cotton Study Team report, I ac- 
cept, as a staff member for that effort, an equal 
share of the responsibility for any of the report's 
shortcomings. I believed at the time when the 
report was released that it was fully adequate as 
a policy study. I continue to believe that the bio- 

logical reasoning underlying the report's skepti- 
cism on eradication is sound. The shortcomings 
became clear to me only after the passage of 
several years and lay in our inability at the time 
to comprehend the sociopolitical dimensions of 
the eradication movement. I continue to believe 
that the five-volume set from the Kennedy Com- 
mittee is still one of the finest studies ever done 
on the problems associated with pest control. 

60. This conclusion will undoubtedly be one of the 
most controversial of all judgments contained in 
this article. It is a judgment that is not subject to 
conclusive proof. During the course of my inter- 
views and through correspondence, I have come 
upon at least six specific instances that might be 
interpreted as inhibitions of free expression or 
harassments of open debate. Some I received in 
confidence and cannot divulge names. In others, 
the evidence is tenuous, disputed, and probably 
unprovable. In no case has an "inhibited per- 
son" wanted to press the matter. Therefore I 
simply present my conclusion precisely for what 
it is: a considered opinion. 

61. F. J. Mulhern to P. Ross, 27 October 1978; and 
National Academy of Sciences-National Re- 
search Council, Board on Agriculture and Re- 
newable Resources, "A proposed advisory re- 
view and appraisal of an evaluation of alterna- 
tive programs for beltwide cotton insect man- 
agement," revised draft, 28 March 1979. (Both 
documents were supplied by P. Ross.) 

62. J. H. Perkins, in Environmental, Socioeconomic 
and Political Aspects of Pest Management Sys- 
tems, D. Pimental and J. H. Perkins, Eds., 
AAAS Selected Symposium No. 43 (Westview 
Press, Boulder, Colo., 1979); J. H. Perkins, In- 
sects and Experts: The Political Economy of 
Scientific Change, in preparation. 

63. T. S. Kuhn, The Essential Tension (Univ. of Chi- 
cago Press, Chicago, 1977). 

64. This study would not have been possible without 
the generous cooperation of many individuals 
who consented to be interviewed, shared their 
unpublished papers with me, or commented on 
draft versions of this manuscript. I thank D. L. 
Dahlsten, C. B. Huffaker, P. Kenmore, W. H. 
Newell, B. B. Perkins, R. van den Bosch, and 
anonymous reviewers for criticisms of the man- 
uscript. M. T. Sebrechts provided illustrations. 
Of those interviewed some may disagree with 
my account of boll weevil eradication, and I re- 
lieve them of any responsibility for my holding 
the views presented in this article. Some of the 
materials incorporated in this work were devel- 
oped with the financial assistance of the Nation- 
al Science Foundation (SOC 76-11288) to Mi- 
ami University. Some of the work was done 
through contract from Miami University to the 
University of California. The opinions, findings, 
conclusions, and recommendations expressed in 
this article are mine and do not necessarily re- 
flect those of Miami University, the University 
of California, or the National Science Founda- 
tion. The hospitality of the Division of Biological 
Control of the University of California is ac- 
knowledged. 

SCIENCE, VOL. 207 1050 


