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 Area-wide pest management is 
one of several major plans or strategies 
for coping with pest problems. 
Management of localized populations is 
the conventional or most widely used 
strategy, wherein individual producers, 
other operators and households practice 
independent pest control. However, 
since individual producers or 
households are not capable of 
adequately meeting the challenge of 
certain very mobile and dangerous 
pests, the area-wide pest management 
strategy was developed. 
 The area-wide pest management 
strategy includes several substrategies 
including (a) management of the total 
pest population in all of an ecosystem, 
(b) management of the total pest 
population in a significant part of an 
ecosystem, (c) prevention, which 
includes containment of an invading 
population and quarantine, and (d) 
eradication of an entire pest population 
from an area surrounded by naturally 
occurring or man-made barriers 
sufficiently effective to prevent 
reinvasion of the area except through 
the intervention of man. 
 
Characteristics of area-wide pest 
management 
 Immigration of pests into a 
managed ecosystem prevents their 
eradication. However, it is easy to 
underestimate the tremendous impact of 
the immigration of pests from small 
untreated foci into a managed area. For 
example, very few codling moths, Cydia 
pomonella (L.) develop in the well 

managed commercial apple orchards, 
but researchers found that the number 
of codling moths that overwintered in the 
in Wenas Valley of Washington State 
dropped by 96% when a few abandoned 
orchards and neglected noncommercial 
apple trees were either removed or 
sprayed with insecticide. This study 
indicated that most of the codling moths 
in commercial orchards originated on 
untreated host trees that in aggregate 
were less than 5% of the host resources 
of the codling moth. Similarly, 
experience in coping with the pink 
bollworm, Pectinophora gossypiella 
Saunders, and cotton boll weevil, 
Anthonomus grandis Boheman, have 
shown that a few growers who do not 
destroy crop residues immediately after 
harvest provide the food required by 
these pests to reproduce and to enter 
diapause. This lapse in field sanitation 
can directly cause the occurrence of 
devastating levels of these pests in the 
following season on neighboring farms. 
 The implications of allowing a 
small fraction of a population of a major 
pest species to reproduce without 
control can be seen graphically (Fig. 1). 
E.F. Knipling calculated that over a 
period of a few generations more pest 
individuals would be produced if 1% of 
the total population were allowed to 
reproduce without control, while 100% 
control was applied to 99% of the 
population, than if only 90% control was 
imposed uniformly on the total 
population. Thus, Knipling elaborated 
the basic principle of total population 
suppression: “Uniform suppressive 



pressure applied against the total 
population of the pest over a period of 
generations will achieve greater 
suppression than a higher level of 
control on most, but not all, of the 
population, each generation.” Therefore, 
it is very important to eliminate any 
places of refuge or foci of infestation 
from which recruits could come to re-
establish damaging densities of the pest 
population in areas of concern. 
 For the most part, the control of 
many highly mobile and very destructive 
pests is carried out by individual 
producers who rely heavily on the use of 
insecticides. Although other control 
technologies are often incorporated into 
the producer’s integrated pest 
management (IPM) system, these 
technologies, too, are usually applied by 
producers independently of other 
producers. Such an uncoordinated farm-
by-farm IPM strategy provides 
opportunities for the pest population to 
build up and to establish damaging 
infestations in well-managed fields. 
Consequently, on most farms insect 
pest populations increase to damaging 
levels each year, and the farmer is 

forced to apply broad-spectrum fast-
acting insecticides as a rescue 
treatment (Table 1). This defeats the 
primary goal of the IPM system, which is 
to take maximum advantage of naturally 
occurring biological control agents. 
 Moreover, application of 
insecticides when an insect pest 
population reaches the economic 
threshold does not prevent the losses 
that occur before the threshold has been 
reached. For commodities that are 
planted on vast areas, such losses in 
aggregate are immense. For example, 
the world production of corn (maize) is 
roughly 600 million metric tons. 
Avoidance of a loss of 3% would make 
available 18 million metric tons, which 
could be a major factor in alleviating 
hunger. 
 Area-wide pest management 
differs from the conventional pest 
management of local pest populations in 
several important ways. The area-wide 
strategy focuses on managing the insect 
populations in all of the niches in which 
they occur, while the conventional 
strategy focuses narrowly on protecting 
the crop, livestock, people, buildings, 

 
Table 1. Some examples of crop losses caused by insects. Percent crop losses in the 
USA caused by various insect pests without and with control measures. 

Commodity Pest Percent Loss 
Without Control       With Control 

Bean Helicoverpa zea 37.0 6.0 

Bean (snap) Epilachna varivestis 20.0 9.9 

Beet (sugar) Tetanops myopaeformis 22.7 8.2 

Corn (field) Diabrotica spp. 15.7 5.0 

Corn (field) Ostrinia nubilalis -- 2.0 

Corn (field) Helicoverpa zea -- 2.5 

Cotton Helicoverpa zea -- 4.0 

Cotton Pectinophora gossypiella 35.5 10.0 

Peanut Helicoverpa zea -- 3.0 

Soybean Pseudoplusia includens 15.7 4.8 

Sugar cane Diatraea saccharalis 28.6 8.0 

 



etc., from direct attack by pests. The 
area-wide strategy requires detailed 
multiyear planning and an organization 
dedicated exclusively to implementing 
the strategy. The conventional strategy 
involves less planning, tends to be 
reactive, and is implemented 
independently by individual operators or 
households. The area-wide strategy 
tends to utilize advanced technologies, 
whereas the conventional strategy tends 
to rely on traditional tactics and tools 
that can be reliably implemented by 
non-specialists. 
 The use of separate 
organizations to conduct area-wide 
programs provides opportunities to 
utilize sophisticated technologies and 
professional management. Computer-
based models are utilized in planning 
and management. Satellite imagery is 
used in area-wide programs to identify 
localities of alternate hosts that can be 
treated to reduce pest populations that 
produce migrants that cause the 
damage in commercial production 
areas. Area-wide programs acquire or 
develop highly sensitive detection 
systems, and employ geographic 
information systems software to help 
manage data. They may implement 
approaches to prevent or retard the 
development of insecticide resistance or 
loss of host plant resistance. Computer 
programs and real-time environmental 
data to predict insect populations can be 
effectively used in an area-wide 
program but usually not on an individual 
farm basis. Thus, pest immigration 
patterns, analysis of weather to predict 
increase or decreases of populations, 
genetic analysis to determine resistance 
levels, etc., are utilized in area-wide 
programs. 
 Finally, area-wide programs are 
able to take advantage of the power and 

selectivity of specialized methods of 
insect control that for the most part are 
not effective when used on a farm-by-
farm basis. These include the sterile 
insect technique (SIT), certain programs 
of inundative releases of parasites, 
semiochemicals, mating inhibitors, large 
scale trap cropping, treatment of hosts 
on public lands and in private gardens, 
etc. 
 
Benefits of area-wide pest 
management 
 Experience has shown that pest 
suppression on an area-wide basis can 
be more effective than on a farm-by-
farm basis for reducing losses caused 
by highly mobile pests and for capturing 
the benefits of highly mobile natural 
enemies. Area-wide programs enable 
many producers to pool resources in 
order to utilize technologies and 
expertise that are too expensive for 
individual producers. These may include 
mass rearing facilities, aircraft, 
information technologies and highly 
trained specialists. In addition, a 
coordinated area-wide program can 
achieve the avoidance or internalization 
of external costs. External costs 
(externalities) are the harmful effects 
arising from pest control operations that 
affect parties other than the pest control 
decision maker, but for which no 
compensation is paid to the persons 
harmed. For example, spray drift onto 
neighboring properties frequently 
provokes disputes. Also, pesticide use 
to protect agricultural crops has caused 
insecticide resistance to develop in 
insect vectors of disease. 
 Finally, economies of scale can 
be captured in area-wide programs, 
although complex trade-offs may be 
involved. The more mobile the pest and 
the more uniform the damage caused by 



the pest, the larger can be the area 
under coordinated management. The 
total costs of pest detection and 
monitoring and suppression per hectare 
of crop usually decline as the size of the 
managed area increases. However, the 
per hectare organizational costs usually 
increase as the project size increases 
because of the increased need for 
meetings and other communication 
costs. For these reasons, in very large 
programs such as the effort to eradicate 
the cotton boll weevil from the USA, the 
vast area was subdivided into a number 
of zones. Also, considerable 
organizational cost savings may be 
realized in instances where towns, 
municipalities or cooperatives already 
have structures in place for 
communication, decision-making, 
collection of fees, etc. 
 
Contingencies often dictate changes 
in strategy 
 Contingencies often arise that 
require replacement of one strategy with 
another. For example, at various times 
during the 43-year campaign to remove 
the screwworm from the United States, 
Mexico and Central America, different 
pest management strategies had to be 
selected. This program began when an 
unusual series of frosts beginning early 
in December 1957 killed all screwworms 
in the southeastern USA north of a line 
in southern Florida from Tampa to Vero 
Beach. Sexually sterile flies from a 
culture in a research laboratory were 
released in a broad band north of this 
line to contain the pest population while 
a high capacity rearing facility was being 
readied. This containment strategy was 
replaced by the strategy of eradication 
in the summer of 1958 when the mass 
rearing facility was able to produce 50 

million sterile flies per week, and 
eradication was accomplished in 1959. 
 A similar change of strategies 
was employed in eradicating the 
screwworm from west of the Mississippi 
River. Beginning in 1962, the parasite 
population was strongly suppressed 
north of the U.S. border with Mexico, 
and the influx of flies from Mexico was 
retarded by the release of sexually 
sterile flies in a 130 km-wide zone along 
the entire USA-Mexico border. (For 
political reasons in 1966, the U.S. 
Secretary of Agriculture declared the 
screwworm to be eradicated from the 
United States, even though it was 
obvious to entomologists that unless the 
parasite was removed from northern 
Mexico, it would continuously reinvade 
the United States.) However, the 
eradication strategy could be 
implemented soon after the 
governments of the USA and Mexico 
reached an agreement in 1972 to 
eradicate the parasite as far south as 
the Isthmus of Tehuantepec. Operations 
against the screwworm in Mexico began 
in 1974, and the last screwworm case 
occurred in the United States in 1982. 
 In the next phase, these 
containment and eradication strategies 
were employed to eradicate the parasite 
from all of Central America to Panama, 
where a sterile fly barrier was 
established in 2001. 
 
Legal authority for area-wide pest 
management 
 The legal authority needed for 
area-wide and other regulatory 
programs is still evolving. In about 1860, 
the grape phylloxera, Phylloxera 
vitifoliae (Fitch), was transported from 
the United States to France. Within 25 
years of its arrival, this insect had 
destroyed 1 million hectares of 



vineyards or fully one-third of the 
capacity of France to produce grapes. In 
order to protect the German wine 
industry, the government of Germany in 
1873 passed the first law that provided 
for quarantines and regulatory control of 
agricultural pests. Other governments 
quickly followed the example set by 
Germany. In 1881 representatives of 
many European countries met and 
developed a set of regulations 
governing the movement of grape 
propagating material. 
 In about 1880 the San Jose 
scale, Aspidiotus perniciosus Comstock, 
was established in California. Its rapid 
spread throughout the country on 
nursery stock, and the failure of a 
program to eradicate it, caused Canada, 
Germany and Austria-Hungary to 
prohibit the admission of American fruit 
and living plants beginning in 1898. This 
crisis led to the passage, by the U.S. 
Congress, of a series of eleven federal 
acts beginning in 1905 on quarantine 
and the regulation of interstate 
shipments in the USA. In 1999, most of 
these acts were consolidated into the 
Agriculture Risk Protection Act of 2000. 
Indeed, most countries adopted 
legislation on: (a) prevention of the 
introduction of new pests from foreign 
countries, (b) prevention of spread of 
established pests within the country or 
state, (c) enforcement of the application 
of control measures to prevent damage 
by exotic pests, to retard their spread or 
to eradicate them. In many countries, 
the law allows people who wish to 
organize a program against a pest to 
hold a referendum. If the referendum 
passes by a certain margin (usually 
67%) then all parties at interest must 
cooperate in the venture. 
 Currently, in Florida, the program 
to eradicate citrus canker has been 

delayed for several years. This 
pathogen is carried considerable 
distances on driving rains, and to 
achieve eradication, the Division of 
Plant Industry has found it necessary to 
destroy all citrus trees within a radius of 
578 m from an infected tree. 
Homeowners in urban areas, who do 
not understand the need for such drastic 
action, feel that workers who enter 
residential yards and destroy citrus trees 
as part of the eradication program 
violate their rights. Thus, the Broward 
County Circuit Court has ruled that 
program employees must have a 
separate court-issued warrant to enter 
each privately owned property. The 
need to apply for tens of thousands of 
warrants has prompted the Florida 
Department of Agriculture and 
Consumer Services to appeal this ruling. 
The outcomes of this and other judicial 
proceedings are likely to more clearly 
define procedures that must be followed 
in conducting eradication programs, and 
the levels of reimbursement owed to 
affected homeowners. Unfortunately, 
the tensions between urban and rural 
populations caused by the adversarial 
nature of this process are likely to 
persist for many years. 
 
Apathy, outrage and area-wide pest 
management 
 Some of the programs conducted 
on an area-wide basis, especially those 
aimed at eradication, have aroused 
opposition. The strategy of eradication 
emerged just over one century ago as 
the brainchild of Charles Henry Fernald 
of the University of Massachusetts. 
Under Fernald’s leadership, 
Massachusetts attempted to eradicate 
an introduced pest, the gypsy moth, 
Lymantria dispar L., in an 11-year 
campaign from 1890 to 1901. Initially, 



the primary eradicant was Paris green 
spray. The use of Paris green, which 
suffered from modest efficacy and 
phytotoxicity, had to be abandoned 
because of adverse public reaction 
including threats of violence and mass 
protests. 
 Those stakeholders who are not 
primarily concerned with the economic 
dimension of the pest problem tend to 
be highly concerned with ecological, 
environmental, social and human health 
implications of area-wide programs. 
Therefore, leaders of area-wide pest 
management programs need to be 
highly sensitive to the perceptions and 
attitudes of the public toward certain 
program operations. Often, eradication 
efforts must be conducted by the ground 
rules of the urban rather than the rural 
setting. In programs to eradicate the 
Mediterranean fruit fly in California and 
Florida, members of the public strongly 
protested the aerial pesticide 
applications even if the same insecticide 
was used without dissent for mosquito 
abatement. On the other hand, the 
same public generally has applauded 
the release of Mediterranean fruit fly 
sterile males. 
 Normally the public is apathetic 
towards technological programs. 
However, certain factors inherent in 
programs and in the manner in which 
they are managed can precipitate an 
almost irreversible shift of the public’s 
attitude from apathy to outrage. A sense 
of outrage can be evoked by involuntary 
exposure to pesticide residues, imposed 
levies or fees, quarantines, right of 
trespass, unfair and inequitable sharing 
of risks, costs and benefits, temporary 
loss of control of one’s property or field 
operations, the perception that 
endangered species may be harmed, 
etc. 

 Acceptance of risk by the public 
is more dependent on the public’s 
confidence in the risk manager than on 
the quantitative estimates of risk 
consequences, probabilities and 
magnitudes. The public’s confidence in 
the managers of an area-wide program 
is of paramount importance. 
 In each area-wide program, a 
special effort must be made to anticipate 
and identify those factors that may be 
emotionally upsetting to various people 
and to take preemptive actions to avoid 
or mitigate adverse reactions. Public 
officials must be kept apprised, effective 
two way communication with the public 
must occur, surrogates of the public 
must be included in oversight and 
decision-making processes, and 
referenda may have to be conducted to 
secure support and funding for the 
program. 
 
Invasive pests, global trade and area-
wide pest management 
 The rapid globalization of trade in 
agricultural products, and increasing 
tourism, have dramatically increased the 
spread of invasive harmful organisms. 
We have entered an era of an 
unprecedented level of travel by exotic 
invasive organisms. The greatest harm 
being done by non-indigenous invasive 
organisms is occurring on islands, and 
major pests are becoming established 
with increasing frequencies on all 
continents except, perhaps, Antarctica. 
For about one century many countries 
have relied on inspection of arriving 
cargo and passengers at the port of 
entry as a primary exclusionary strategy. 
However, volumes of arriving cargo are 
doubling every five to six years, and it is 
not possible to increase similarly the 
human and other resources devoted to 
inspection at ports of entry. Clearly 



exclusion at the port of entry is no 
longer sufficient to protect against exotic 
pests, even though a number of 
emerging technologies are likely to 
facilitate safeguarding activities. Thus, in 
order to stem the influx of exotic pests, it 
is important to shift primary reliance 
from exclusion at the port of entry to off-
shore actions, namely on pest risk 
mitigation in the areas of production and 
elsewhere, certification at the point of 
origin, and preclearance at the port of 
export. 
 An important approach to 
offshore mitigation is the creation of 
pest-free areas. Indeed, countries that 
export raw agricultural commodities can 
effectively remove the threat of exotic 
pests to the importing country by 
creating and maintaining pest-free 
areas. A pest-free area is one that lacks 
a quarantine-significant pest species, 
and is separated from infested areas by 
natural or artificial barriers. There are 
two types of pest-free areas: (1) pest-
free zones are large geographic areas, 
such as the entire country of Chile, that 
is certified free of tropical fruit flies of 
economic importance, and (2) pest-free 
production fields, that require the 
demonstrated suppression of quarantine 
pests to non-detectable levels. Area-
wide pest management is an important 
tool for promoting safe trade and 
contributing as much as possible to the 
complementary goals of food security 
and economic security for all countries”. 
 Requirements to establish pest-
free fields of crop production include a 
sensitive detection program, 
suppression of the quarantine-significant 
pest to non-detectable levels, strict 
control of the fields, and safeguards to 
prevent infestation during packing and 
transit to the port of export. For 
example, Florida is able to export 

grapefruit to Japan by creating pest-free 
grapefruit groves in about 22 counties. 
Regulatory experts from Japan inspect 
the entire process of production, 
packing and transit. Similarly fruit groves 
free of the South American cucurbit fruit 
fly, Anastrepha grandis (Macquart), 
have been created in Mossoro, Brazil 
and Guayaquil, Ecuador. 
 The concept of pest-free fields 
based on bait sprays and the sterile 
insect technique was pioneered during 
the early 1960s against the Mexican fruit 
fly along the Mexico-USA border 
Mexico. Also in the early 1960s, the 
Citrus Marketing Board in Israel 
developed a concerted area-wide 
program against the Mediterranean fruit 
fly that has been able to meet the 
certified quarantine security 
requirements of fruit importing countries. 
Chile used the sterile insect technique to 
rid the entire country of the 
Mediterranean fruit fly, Ceratitis capitata 
(Wiedemann). By 1980 the entire 
country of Chile had become a medfly-
free zone, and since then Chilean fruits 
in huge volumes have entered the U.S. 
market without the need for any 
quarantine treatments. This has 
dramatically strengthened the economy 
of Chile. Now Argentina, Peru and other 
countries have sterile insect technique 
programs that they hope will enable 
them to become fly-free zones with free 
access to markets in southern Europe, 
Japan and the United States. Also 
Mexico has used the sterile insect 
technique to get rid of the 
Mediterranean fruit fly. Indeed Mexico is 
ridding large sections of its territory of all 
fruit fly species of economic importance. 
The Mexican states of Baja California, 
Chihuahua and Sonora have been freed 
of all economically important species of 
fruit flies, so that citrus, stone fruits, 



apples and vegetables are being 
exported from these states without any 
postharvest treatment. 
 A more recent, highly significant 
development has been the continuous 
area-wide release of sexually sterile 
male medflies over the Los Angeles 
Basin and around high-risk ports in 
southern Florida. This further reduces 
the risk of pest establishment in these 
port areas. 
Selected episodes in the history of 
area-wide pest management 
 Migratory locusts - Migratory 
locusts probably were one of the 
plagues that caused prehistoric man to 
attempt forms of group or area-wide 
control. Because migratory locust 
swarms can be seen approaching from 
a distance and descending onto crops, it 
seems likely that people banded 
together and used whatever means at 
hand to stamp out as many as possible. 
No doubt invasions of armyworms, 
leafcutter ants and other insects caused 
people to cooperate in combating them. 
In China, since 707 B.C., more than 800 
outbreaks of Locusta migratoria 
manilensis L. have been recorded along 
the floodplains of the Hwang, Huai and 
Chang Jiang rivers. In 1929, an 
outbreak devastated 4.5 million hectares 
of cropland. Consequently, about 120 
million people were mobilized to modify 
the floodplains by damming, terracing 
and reforestation. Over almost 30 
centuries, the Chinese slowly developed 
an area-wide pest management 
program that now folds together 
knowledge of biology, ecology, 
forecasting cultural practices, and water 
management. 
 During the late 1920s, 
catastrophic locust plagues were 
widespread in Africa and southwest 
Asia. Boris Uvarov and Zena Waloff of 

the British Ministry of Overseas 
Development responded by establishing 
the International Unit of Locust 
Research. This Unit became the 
Antilocust Research Centre and it 
provided the focal point for international 
cooperation in coping with plagues of 
the desert locust, the red locust and the 
African migratory locust. The Centre 
created databases and provided a 
sustained regular flow of information on 
the status of locust populations 
throughout their ranges. The Centre 
developed a system of monthly 
forecasting. Uvarov was able to interest 
the FAO in creating the International 
Desert Locust Information Service to 
coordinate forecasting and the planning 
of campaigns. Leadership in these 
vitally important functions has been 
assigned to the FAO’s Locust. 
 In recent decades locust experts 
have attempted to shift the prevailing 
strategy from reactive to proactive, and 
eventually to outbreak prevention. The 
reactive strategy initiates interventions 
after plague status has been reached in 
order to contain the magnitude of the 
damage. The proactive strategy seeks 
to prevent the occurrence of plague 
status by intervening against localized 
outbreaks. Proaction requires early 
detection of bands and swarms, 
preferably still in breeding areas, and 
prepositioning of locust campaign 
supplies. The outbreak prevention 
strategy seeks to intervene before the 
phase shift from solitary to gregarious. 
Possibly the outbreak prevention 
strategy would rely substantially on 
inducing epizootics by inoculating 
breeding populations with selective 
pathogens. A difficulty in implementing 
the proactive strategy and moving 
toward the outbreak prevention strategy 



is that donor support tends to wane in 
the absence of full-blown plagues. 
 Insect vectors of human 
diseases - Doubtless the scientific 
pioneers of area-wide approaches were 
influenced strongly by concepts from the 
field of public health and hygiene. About 
2,500 years ago the Greek spirit and the 
Roman capacity for organization had 
produced a highly developed system of 
hygiene in what is now southern 
Europe. The Romans procured safe 
supplies of water by means of 
aqueducts, practiced daily bathing and 
removed garbage from cities. The 
rationale for these measures was 
explained by Varro (116-27 BC), who 
served Pompey and Julius Caesar. 
Varro asserted that minute living 
creatures cause malaria. He wrote: “In 
damp places there grow tiny creatures, 
too small for us to see, which make their 
way into our bodies…and give rise to 
grave illness”. However, with the 
collapse of the Roman Empire and the 
storms of folk-migrations, classical 
hygiene eroded. Nevertheless, raging 
outbreaks of malaria, typhoid, typhus 
and bubonic plague during the latter 
Middle Ages reawakened concepts of 
hygiene and public health. Doctors and 
public authorities joined forces to erect 
walls against these plagues. Dr. Johann 
Peter Frank (1745-1821) had 
considerable success in persuading the 
rulers of Europe during the late 1700s 
and early 1800s to establish public 
hygiene policies and to enforce them 
vigorously. While only a 21-year old 
student at the University of Strasbourg, 
Frank called for “systematic action by 
the authorities” to intervene in the lives 
of all citizens in order to forestall or halt 
epidemics. The discoveries of Pasteur, 
Koch and others on the nature of 

diseases were foundation stones for 
rational policies of public health. 
 Mosquito-borne diseases - 
Through collective action within 
communities, even without an overall 
national plan and central coordination, 
malaria in southern Europe and North 
America largely disappeared in 
consequence of education, the universal 
adoption of window screens, destruction 
of habitats of Anopheles larvae and the 
treatment of all cases with quinine. 
 Investigations conducted in the 
late 1800s and in early years of the 
1900s on the transmission by 
mosquitoes of deadly diseases led to 
widespread use of area-wide programs. 
Yellow fever, dengue, filariasis and 
malaria were shown to be transmitted by 
various species of mosquito. In 1892 
Howard, and in 1900 Ross, began to 
recommend that the habitat of mosquito 
larvae over extensive areas be either 
treated with kerosene or drained. These 
practices were first implemented in west 
Africa to combat malaria, and soon 
adopted by communities in many 
countries. Mosquito abatement districts 
were pioneered by John B. Smith in 
New Jersey. The New Jersey Mosquito 
Extermination Association, founded in 
1912, provided the model for the 
organization and operation of area-wide 
mosquito abatement districts of which 
there are about 260 in the United States 
and a thousand or more worldwide. 
 Yellow fever was wiped out in 
Havana, Cuba, under the leadership of 
Dr. W.C. Gorgas, who in 1898 
implemented a strict sanitation program 
to prevent breeding of the disease 
vector, Aedes aegypti L. Subsequently, 
Gorgas implemented a program in the 
Panama Canal Zone against Aedes 
aegypti and Anopheles spp. vectors of 
yellow fever and malaria, respectively. 



This highly effective program was key to 
the successful construction of the 
Panama Canal. 
 Because the Plasmodium 
pathogen requires 12 days to develop in 
the mosquito vector before it can be 
transmitted to man, residual sprays can 
sufficiently reduce the proportion of 
mosquitoes that survive 12 days, and so 
interrupt malaria transmission. 
Therefore, in 1955 the World Health 
Assembly urged WHO to lead and 
organize worldwide eradication of 
malaria. By 1959, almost 65% of the 
people at risk were protected and this 
percentage rose to 74 by 1970. Malaria 
eradication was claimed in 37 countries, 
and the incidence of malaria had 
dropped dramatically in many countries. 
In Sri Lanka, the number of cases 
dropped from more than 2.8 million per 
year to just 17 in 1963, but then the 
effort floundered as WHO was unable to 
deal with the widespread hue and cry for 
local control. In 1969, the Global 
Program disintegrated. Soon DDT was 
banned in the United States and WHO’s 
resources for malaria were reallocated. 
Malaria resurged to more than half a 
million cases per year in Sri Lanka and 
to more than 100 million cases 
worldwide. 
 In 1969 and 1970, the Indian 
Council for Medical Research and the 
WHO initiated several projects relevant 
to area-wide control. Unfortunately, in 
1974 these projects became the target 
of a press campaign by writers who 
feared that these projects were actually 
a USA-funded effort to develop methods 
of biological warfare. Because the 
government of India was unable to 
restore confidence, the projects were 
terminated. 
 Many authorities maintain that 
the area-wide use of insecticide 

impregnated bednets is superior to 
house spraying for suppressing malaria, 
that a considerable pool of effective 
technology relevant to the application of 
the SIT against mosquito vectors was 
developed three decades ago, and that 
area-wide programs against malaria 
vectors can move ahead as soon as the 
international community develops the 
political will to do so. 
 Onchocerciasis Control 
Program in West Africa - River 
blindness is caused by the microflilariae 
of the Onchocerca volvulus, and is 
transmitted by the Simulium damnosum 
species complex of black flies. People 
and blackflies are alternate hosts of this 
parasite, and it has no other hosts. The 
female parasite lives in the human skin 
and gives birth to the microfilariae for 
most of her lifespan of 12 years. 
Microfilariae may invade the human eye, 
and blindness typically sets in between 
the ages of 30 and 39 years. A number 
of small-scale larviciding operations 
against the vectors were mounted 
beginning in 1950, and beginning in 
1960 the European Development Fund 
financed a major campaign in a 60,000-
km2 zone at the intersection of Mali, 
Burkina Faso and Cote d’Ivoire (Fig. 2). 
 In 1974 the international 
community approved the 
Onchocerciasis Control Program and 
the World Health Organisation was 
designated as Executing Agency. In 
order to manage the Program, National 
Onchocerciasis Committees were 
established in the seven participating 
countries (Benin, Burkina Faso, Cote 
d’Ivoire, Mali, Niger and Togo). A Joint 
Programme Committee has served as 
the supreme governing body and 
receives guidance from an Expert 
Advisory Committee. A Committee of 
Sponsoring Agencies coordinates the 



activities of the World Bank, FAO, WHO 
and UNDP. The Onchocerciasis Fund 
was created to accept donations, and 
the World Bank oversees it. 
 The Programme Director is 
assisted by seven units: Office of 
Director, Administrative Management, 
Epidemiological Evaluation, Vector 
Control, Applied Research, Biostatistics 
and Information Systems and 
Devolution. The latter conducts training 
and coordinates devolution activities 
with participating countries. 
 The limits of the program area 
were extended several times because of 
invasions of infective black flies over 
greater distances than initially foreseen. 
Thus the program area expanded from 
654,000 km2 in 1974 to 1,066,000 km2 
by 1990. 
 Two intervention tactics have 
been employed area-wide: larviciding 
largely by helicopter but also manually 
where streams are overgrown with 
vegetation, and treatment of humans 
with the microfilaricide, ivermectin. 
Because the period of development 
from egg to pupa rarely exceeds one 
week, larviciding must be carried out on 
a weekly basis. Seven insecticides are 
employed on a rotational basis to 
prevent the development of resistance. 
In order to achieve the proper 
concentration of insecticide in the 
flowing water, an automated 
hydrological surveillance network was 
created and real-time data are fed to an 
on-board computer to enable the pilot to 
properly manage spray operations. 
 The results of the program have 
been dramatic (Fig. 3). As a result of 
this program, 25 million hectares of land 
suitable for cultivation have become 
available, and rapid resettlement is 
underway. Because vector control 
operations were phased out in 2002, 

ivermectin remains as the only means of 
control. 
 Chagas disease vectors - 
Chagas disease, first recognized in 
1909, has been ranked as the most 
important parasitic disease in the 
Americas. Although the infection is still 
largely incurable, transmission can be 
halted by (a) eliminating the domestic 
vectors, blood-sucking reduviids of the 
subfamily Triatominae, and (b) 
screening blood donors to avoid risk of 
transmission through transfusions. 
Small-scale vector control programs 
began during the 1940s based on 
spraying the interior of homes with 
benzene hexachloride or dieldrin to 
control the primary vectors, Triatoma 
infestans (King) and Rhodnius prolixus 
(Stahl), as well as several other species 
of Triatoma. However, these programs 
suffered from under-funding and 
interruptions of funding, so that 
reinfestation occurred. 
 In 1983 a national program was 
launched in Brazil to eliminate the 
primary vector, Triatoma infestans, 
based initially on use of benzene 
hexachloride and later on pyrethroids. 
Although not without difficulties, this 
Brazilian program proved to be highly 
successful, and it inspired an area-wide 
program encompassing the Southern 
Cone countries (Argentina, Bolivia, 
Brazil, Chile, Paraguay, and Uruguay) 
plus Peru. This 10-year program was 
launched in 1991 under the leadership 
of the Pan American Health 
Organization with funding, in part, from 
the European Union. Total program 
costs were estimated at US $190 million 
to $350 million. The program’s 
tremendous technical and economic 
success (internal rate of return of 30 to 
60% largely based on savings in health 
costs) spurred a similar Central America 



Initiative (El Salvador, Guatemala, 
Honduras and Nicaragua) and an 
Andean Pact Initiative (Colombia and 
Venezuela). 
 Each program began with a 
centrally managed attack phase of 
about three years in which all homes are 
sprayed by trained professionals, 
followed by a more community-based 
phase, which relies substantially on the 
efforts of homeowners and local 
authorities. Adventitious transmission 
may be accomplished by sylvatic vector 
species, which can enter houses to form 
domestic colonies. In addition, migrant 
workers and other travelers can carry 
vectors. Currently, vector populations in 
Mexico and the Amazon Basin remain 
as major challenges. Elsewhere, the 
focus is shifting to epidemiological 
surveillance and care of people already 
infected. 
 Cattle ticks - The discovery in 
1889 by Theobald Smith and colleagues 
that cattle fever is caused by a tick-
transmitted parasite of red blood cells 
led to the initiation in 1906 of a county-
by-county effort to eliminate the two 
Boophilus tick vectors (Fig. 4) from the 
United States. Many pastures were 
rendered tick-free by excluding all host 
animals until all ticks had starved to 
death. Livestock were dipped in an 
arsenical solution at two-week intervals. 
Quarantines were used to prevent the 
movement of infested cattle into areas 
that had been cleared. By 1943, after 37 
years of grueling effort, the ticks had 
been eliminated entirely from the United 
States for a total cost of about $40 
million dollars, or the equivalent of the 
annual losses suffered before the 
program was initiated. Quarantines have 
been effective in preventing these ticks 
from becoming re-established from their 
populations in Mexico. A broadly shared 

vision sustained this program in spite of 
war and the great economic depression. 
 Contributions of natural 
enemies - Area-wide pest management 
began to be practiced widely during the 
19th century using natural enemies. 
During the 18th and 19th centuries, 
people began to understand the roles of 
natural enemies in preventing insect 
outbreaks. Further, the powerful 
synthetic insecticides were not available 
to allow small holders independently to 
protect their crops and livestock. The 
beneficial work of coccinellids and other 
predators had been common knowledge 
for centuries, and they were collected 
and distributed for insect control. Insect 
parasitism was discovered only around 
1700 by Leuwenhoeck in the 
Netherlands and in 1706 by Vallisnieri in 
Italy. Emperor Francis 1 of Austria 
ordered Vincent Kollar to publish his 
work on the role of natural enemies in 
suppressing pests. Kollar’s great work 
appeared in 1837 and the English 
translation appeared in London’s 
Gardner’s Magazine in 1840. 
 E.F. Knipling has analyzed the 
potential contributions of parasitoids to 
area-wide pest suppression. Parasite 
augmentation could be an especially 
desirable preventive measure because 
the release of host specific parasites 
poses no danger to humans, beneficial 
organisms, or the environment. Highly 
misleading conclusions have been 
drawn from past augmentation 
experiments, because the experiments 
were done in small non-isolated areas. 
Most pest arthropods and parasites or 
predators are highly mobile. Therefore, 
meaningful results can be obtained only 
if augmentation experiments are 
conducted over large areas. Even 
though many species of natural enemies 
have developed efficient host finding by 



following odor plumes of kairomones 
emanating from the host, under natural 
conditions the level of parasitization 
does not threaten the host with 
extinction. Augmentation utilizes the 
host resources in nature to produce 
large numbers of parasite progeny. If 
done properly, parasite augmentation 
for several generations can become a 
self-perpetuating suppression measure. 
Augmentation causes progressive 
increases in the rate of parasitism with 
each succeeding parasite generation, 
provided that the initial rate of parasitism 
is above 50%. In addition, a host-
dependent species will tend to distribute 
itself proportionally to the distribution of 
its host. No other method of insect 
control has the characteristic of 
concentrating its suppressive action 
where it is most needed. 
 Lasting suppression of cottony 
cushion scale by Vedalia beetle - That 
classical biological control can provide 
area-wide solutions was dramatically 
illustrated against an exotic pest in 
California in 1888 and 1889. At that time 
an introduced pest, the cottony cushion 
scale, Icerya purchasi, was killing 
hundreds of thousands of citrus trees. 
However Albert Koebele was able to 
introduce a scale predator, the vedalia 
beetle, Rodolia cardinalis (Mulsant), 
from Australia and New Zealand. Less 
than 11,000 vedalias were distributed, 
but they spread throughout the entire 
citrus growing area of southern 
California and saved the industry. The 
vedalia beetle continues to effectively 
protect citrus in California, and nothing 
needs to be done other than to avoid the 
use of certain insecticides, which would 
decimate this invaluable natural enemy. 
 Lasting suppression of 
cassava mealybug by Epidinocarsis 
lopezi - Almost exactly one hundred 

years after the great vedalia success, a 
team led by Dr. Hans Herren of the 
International Institute for Tropical 
Agriculture (IITA) successfully 
implemented the largest classical 
biological control program in history. In 
1973, cassava near Brazzaville and 
Kinshasa was found to be attacked by 
the cassava mealybug, Phenacoccus 
manihoti (Matile-Ferrero). In a few short 
years immature crawlers were dispersed 
by wind throughout sub-Saharan Africa. 
 The cassava mealybug created 
starvation and hardship for many of the 
200 million people for whom cassava 
had become a staple crop. In 1981, an 
excellent parasitoid, Epidinocarsis lopezi 
(DeSantis), found in Paraguay by A.C. 
Bellotti, proved capable of bringing the 
cassava mealybug under control. The 
parasite was mass-reared and released 
by aircraft over 38 countries (Fig. 5) of 
sub-Saharan Africa (an area much 
larger than the combined area of the 
United States, Mexico and India) with 
excellent results. This singular 
accomplishment required strong and 
imaginative leadership and action by 
IITA, generous funding by donors, and 
brilliant scientific and technical work by 
Herren’s team and their cooperators in 
Africa, Europe, and the Americas. 
 Area-wide conservation of 
predators of the brown planthopper - 
In many cases, natural enemies are 
effective only if most smallholders in an 
area work to conserve them. Because 
both pests and natural enemies are 
mobile, their populations distribute 
themselves throughout the region in 
which their food sources are available. 
Even smallholders who do not 
participate in the conservation program 
receive some of its benefits. They get a 
free ride, and for them this is a positive 
externality of the program. On the other 



hand, the movement of natural enemies 
off the property of the participating 
farmer to that of the free rider is a 
negative externality. 
 The brown planthopper, 
Niloparvata lugens (St l), has been the 
scourge of rice production in southeast 
Asia for many years. However, during 
the 1980s, Indonesia (with technical 
assistance from FAO and Germany’s 
GTZ) simultaneously achieved 
substantial increases in rice production 
and major reductions in insecticide use. 
Generally, brown planthoppers are 
effectively controlled by indigenous 
spiders and other predators. Moreover, 
since insecticides have a greater impact 
on the predators than on the pest, the 
brown planthopper populations are able 
to resurge after being sprayed. In the 
past, farmers induced resurgence by 
beginning to spray at 40 days after 
transplanting the rice. However, cage 
studies showed that the smallholder 
who delays spraying until 65 days after 
transplanting saves two insecticide 
applications, and realizes a yield 
increase of about two tonnes, for a total 
benefit of US $588 per hectare. 
 It is possible to model what 
happens when some smallholders delay 
spraying to conserve natural enemies 
but others do not. If about 10% of 
smallholders conserve natural enemies, 
they gain only one-fifth of the potential 
benefit. If 30% of smallholders conserve 
natural enemies, they gain only one-
quarter of the potential benefit, and the 
free riders gain about 7%. When 50% of 
small holders conserve natural enemies 
they gain one-third of the potential 
benefit, and the free riders gain about 
18%. 
 When 70% of smallholders 
participate, they gain almost 60% and 
the free riders gain about 40%, and 

when 90% participate, they gain about 
83% of the potential benefit, while the 
free riders gain 66%. Clearly, a 
conservation program is almost futile 
until about one-half of the smallholders 
participate, and the program becomes 
progressively more beneficial as the 
percent participation increases toward 
100. 
 Bark beetles - Dendroctonus 
pine bark beetles are dangerous pests 
in forestry because of their mass attacks 
on healthy trees. During the first 
decades in the 20th century, foresters 
focused on destroying the developing 
broods of potentially destructive beetles 
before they could emerge and attack 
valuable trees. This was implemented 
by felling dead trees, peeling and 
burning the bark or by storing the 
infested logs in millponds until they 
could be sawed into lumber. The futility 
of such attempts by focusing directly on 
killing beetles became apparent when, 
in 1932, an extremely cold winter 
occurred and destroyed at least 80% of 
the beetles in western North America. 
The destruction of the beetle broods by 
frost was more complete, extensive and 
uniform than could be accomplished by 
forest managers. Yet, within two years 
the beetle populations had resurged and 
were again killing ponderosa pine on a 
vast scale. 
 However, forest entomologists 
recognized that the most vulnerable 
trees were those that lacked vigor or 
were in decline. Thus, in 1937 control of 
bark beetles based on susceptibility of 
trees to attack was pilot tested in 
California by a program called 
sanitation-salvage logging. In this 
approach, up to 20% of trees at highest 
risk of beetle attack were removed and 
sawed into lumber. During the first year 
following the removal of the most 



vulnerable trees, losses to bark beetles 
were reduced by 90%, and losses 
remained low for at least ten years after 
the selective logging. 
 Boll weevil eradication in the 
USA - E.F. Knipling, with the support of 
the National Cotton Council, was 
determined to eradicate the boll weevil 
from the United States because the 
weevil necessitated the use on cotton of 
one-third of the insecticides used in U.S. 
agriculture. Also, highly insecticide-
resistant boll weevil populations had 
emerged. Newsom and Brazzel, at 
Louisiana State University, had 
discovered that in the fall of the year the 
boll weevil enters a reproductive 
diapause and hibernates in trash along 
the edges of cotton fields. Brazzel 
showed that the number of weevils 
surviving the winter is reduced 90% if 
insecticides are applied just before 
diapausing weevils leave the fields. 
Moreover, Knipling’s analysis showed 
that if insecticide sprays were targeted 
also to kill the generation producing 
individuals going into diapause, then the 
number overwintering would be reduced 
by more than 99%. Knipling’s model 
was verified, and this ignited great 
interest in actually eradicating the boll 
weevil. An effective pheromone-baited 
trap was developed for detection. 
Weevils were sexually sterilized with the 
anti-leukemia drug, busulfan. 
 In 1971-1973, a large pilot field 
experiment to assess the feasibility of 
eradication was centered in southern 
Mississippi. The eradication zone was 
surrounded by three buffer zones. Very 
intensive suppression was implemented 
in the two inner zones, and farmers 
were expected to practice diligent 
control in the outer zones, although 
some grew cotton simply to qualify for 
government payments and with no 

intention to harvest a crop. Only one 
application of the suppressive system 
was made, because of a shortfall in 
appropriations. Nevertheless, the boll 
weevil was suppressed below 
detectable levels in 203 of 236 fields in 
the eradication zone. All of the 33 lightly 
infested fields were located in the 
northern one-third of the eradication 
zone and less than 40 km from 
substantial populations farther north. In 
the southern two-thirds of the 
eradication zone, no reproduction could 
be detected in any of the 170 fields. 
Knipling and some others concluded 
that the available technology was 
sufficiently effective to achieve 
eradication. Their experience with the 
screwworm indicated that eradication 
could be accomplished iteratively, 
following an application of the 
suppressive system that clears the pest 
from most of the target zone. Next, 
surviving populations are delimited and 
similar suppressive measures are 
applied to them. In this iterative fashion, 
the aggregate range occupied by the 
pest is progressively reduced toward 
zero. However, some felt that the 
technology was not adequate to mount 
an eradication campaign, unless a 
single application of the system of 
suppression eliminated all weevils in the 
target zone. 
 A Cotton Study Team appointed 
by the National Academy of Sciences 
drafted a very negative interpretation of 
the results. Because Knipling was a 
member of the Academy, he had access 
to this draft, and he wrote a strong 
rebuttal. Therefore, the Cotton Study 
Team wrote a “toned down statement” 
that continued to express strong 
reservations about the feasibility of 
eradicating the boll weevil, but 
concurred to conduct a new trial 



eradication program in North Carolina. 
Grudgingly the Academy team 
legitimized the concept of continuing 
large-scale eradication experiments, but 
with the caveat that they would probably 
fail. 
 The new trial program, started in 
1978 in Virginia and North Carolina, was 
highly successful. Subsequently, piece-
meal programs, each run by a separate 
foundation, have removed the boll 
weevil from about 5 million acres in 
Virginia and the Carolinas, Georgia, 
Florida, south Alabama, California, and 
Arizona. These programs have caused 
significant reductions in pesticide usage, 
and the eradication efforts are 
continuing. Thus, the job is about half 
done. However, the corrosive effect of 
the Academy’s report persists. The US 
Congress reduced the share of federal 
funds from the traditional 50% to less 
than 30% of the cost. However, such 
cost sharing is no longer guaranteed, 
and in 1997 the US Department of 
Agriculture initiated a program of making 
loans to officially recognized boll weevil 
eradication foundations. Moreover, the 
process of eradication is being 
conducted piece-meal with a minimum 
of technology. Pheromone traps are 
used to delimit infestations, and the 
attack begins with insecticides applied 
late in the growing season against 
weevil still reproducing and those 
entering diapause. As many as 15 
insecticide applications per year are 
made against dense persistent 
populations. Planting by all growers is 
synchronized and delayed, short season 
varieties are grown, harvested as soon 
as possible, and stalks are destroyed 
immediately after harvest. Eradication is 
usually accomplished by the end of the 
third growing season. 
 

Attempts to sharply define the area-
wide pest management strategy 
 A few scientists have attempted 
to sharply define the area-wide pest 
management strategy. Knipling stated: 
“Area-wide pest management is the 
systematic reduction of a target key 
pest(s) to predetermined population 
levels through the use of uniformly 
applied control measures over large 
geographical areas clearly defined by 
biologically based criteria”. D.A. 
Lindquist wrote: “An area-wide insect 
control program is a long-term planned 
campaign against a pest insect 
population in a relatively large 
predefined area with the objective of 
reducing the insect population to a non-
economic status.” 
 Both of these definitions have 
considerable merit and they fit the 
majority of area-wide programs. 
However, slightly different definitions 
may be needed to describe programs on 
the conservation of natural enemies 
(which can tolerate some free-riders) 
and on classical biological control where 
the adaptation of the introduced 
biological agent to all new environments 
cannot be known in advance of making 
releases. Also, in programs to contain 
an invasive pest population, it may not 
be possible to clearly define the 
boundary of the pest population. In the 
similar vein, A.T. Showler stated: 
“Locust swarms can be highly variable, 
influenced by many factors, including 
geography, vegetative conditions, land-
use patterns, environmental sensitivity, 
availability of resources and tactics, 
prevailing winds, insecure areas, and 
rainfall patterns. Reliance on a single 
control strategy is therefore unrealistic. 
A more appropriate approach would be 
to develop specific strategies that will fit 
with projected scenarios, mostly by 



harmonizing them with national 
contingency plans”. The common thread 
that runs through all area-wide pest 
management programs is the strong 
emphasis on preventing the existence of 
any places of refuge or foci of infestation 
from which recruits can come to re-
establish damaging densities of the pest 
population in areas of concern. 
 
Benefit-cost assessment and 
discounting net returns 
 Usually, investments in area-wide 
programs are made with the expectation 
that program benefits will accrue over a 
multi-year time horizon. Therefore, we 
must discount future benefits to balance 
them against present or near term 
expenditures. The stream of discounted 
annual benefits and costs for many 
years of an undertaking can be summed 
up and expressed as a single value, 
known as the present value net benefits 
(PVNB). The formula for calculating the 
PVNB is as follows: 
 
PNVB = NB1 + w2NB2 + w3NB3 + w4NB4 

+ w5NB5 + w6NB6 + wtNBt + w15NB15 
 
where NBt represents the net benefits in 
year t, and wt represents the weighting 
factor for year t. The weighting factors 
are a function of a discount rate (r): 
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The discount rate is the opportunity cost 
of the money, or the interest value that 
money could earn if allocated to the best 
alternative use. This rate may be 
established by subtracting the national 
inflation rate from the bank interest rate 
for savings. In normal times, this 
procedure will generally produce a 
figure around 4 or 5% in developed 

countries. This represents the 
reasonable person’s discount on the 
future, because people put their money 
in the bank to gain this premium, and 
otherwise they would spend it now. So, 
the benefit of eradication next year is 
worth 5% less if it is brought back to the 
present. Benefits in 20 years are only 
worth 37% of their face value when 
brought back to the present. In riskier 
economic environments, discount rates 
will be much greater, so the calculated 
net present value of future benefits may 
be insignificant. However, for sterile 
insect technique programs involving 
vectors of human diseases, the futures 
of groups of people are at stake, and it 
does not seem appropriate to discount 
benefits in the manner appropriate for 
private investments. The health of the 
human population 30 years in the future 
seems just as important as the health of 
the population at present. Nevertheless, 
investments in vector control programs 
must be subjected to critical analysis in 
the interest of efficient and sound 
management. However, if high discount 
rates (e.g., 25%) are selected 
commensurate with economic risk in 
many developing countries, then it seem 
unlikely that vector control programs in 
these countries would ever be launched. 
 
Knipling’s imperative 
 When the World Food prize was 
awarded to Knipling and Bushland, 
Knipling stated: “If major advances are to 
be made in coping with most of the 
major arthropod pest problems, then the 
tactics and strategies for managing such 
insects, ticks and mites must change. 
They must change from the current, 
limited scale, reactive, broad-spectrum 
measures to preventive measures that 
are target-pest specific and rigidly 
applied on an area-wide basis.” Great 



and enduring strides can be made by 
adopting the strategy of area-wide pest 

management to help meet world food, 
health and environmental challenges. 
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Figure 1. Results of a model that show that outcome of neglecting to suppress a small 
fraction of a pest population in an agroecosystem versus the effects of uniformly 
suppressing the entire pest population. On the left, 10% of the population is untreated 
and it produces a large number of individuals in four generations, while the 90% of the 
population that is treated declines. On the right, the entire pest population in the 
agroecosystem is suppressed uniformly and its numbers decline from generation to 
generation. (After Knipling, 1972.) 
 

 
Figure 2. The original area of the Onchocerciasis Programme established in 1974 and 
the subsequent western and southern extensions required to exclude migration of the 
black fly vectors. (After World Health Organisation, 1994.) 



 
Figure 3. Actual and projected impact of 15 years of suppressing black fly vectors of 
Onchocerciasis in the West Africa Programme. Reproduced from World Health 
Organisation, 1994. CMFL is the community microfilarial load (geometric mean of 
microfilarial levels in all people in a given community). 
 
 

 
Figure 4. Progress in eradicating Boophilus ticks in the United States, 1906-1943. 



 
 
Figure 5. Biological control of the cassava mealybug in sub-Saharan Africa by mass 
rearing a parasite from Paraguay and distributing it by air over 38 countries. 
 


