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Citrus Blackfly
Kim A. Hoelmer and J. Kenneth Grace

The management of the citrus blackfly provides an excellent case history of
both attempts at eradication and successful biological control. The citrus
blackfly, Aleurocanthus woglumi Ashby (Homoptcra: Aleyrodidac), is a
sucking inscct that feeds on the foliage of citrus specics and other hosts.
When present in large numbers the blackfly weakens a plant by lowering the
nitrogen levels, thereby reducing the quantity and quality of fruit. It is
believed to be a native of the Far East, where it was first noticed by western
entomologists in 1910, and has spread throughout most of the citrus-grow-
ing rcgions of the world (fig. 10.1).

Although the blackfly disperses relatively slowly under natural condi-
tions, it is casily transported on Icaves of its preferred hosts, Citrus specics,
or on the foliage of such alternate hosts as mango (Mangifera indica L.).
Incipicnt infestations are not readily detected because of the small size of all
developmental stages of the blackfly and its preference for feeding on the
undersides of leaves. The worldwide importance of citrus for fruit produc-
tion and its popularity as an ornamental in urban plantings make the intro-
duction of citrus blackfly a matter of scrious concern. Improved transporta-
tion methods in the twentieth century have greatly increased the likelihood
of such introductions, cithcr on scedlings or excised leaves in shipments of
truit.

Citrus blackfly first appeared in the western hemisphere in Jamaica in 1913
and spread rapidly throughout the Caribbean region and into Central
America. Introductions to the United States have occurred several times.

Early infestations in Florida (1934) and Texas (1955) were cradicated suc-
cessfully with chemical spray applications. Later infestations in these same
two states resisted eradication attempts, however, and were brought under
on-going control primarily by the rcleasc of parasitic wasps. The success of
biological control programs in limiting blackfly numbers to nonpest levels
is noteworthy.

We thank R. V. Dowell for reviewing an carlicr draft of this chapter.
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Figure 10.1 Worldwide distribution of the citrus blackfly, Alesrocanthus woglumi (adapted from
Commonwealth Institute of Entomology 1976).

Life History and Habits

The citrus blackfly, in common with other whiteflics (family Aleyrodidac),
has a motile first instar crawler stage, three sessile nymphal instars, and a
winged adult stage. Generation time and life history details vary consider-
ably under different environmental conditions (compare Russell 1962;
Chavez Torres 1980). Development from cgg to adult requires nearly 1000
degrees-days above the developmental threshold of 13.7°C (about two to
thrce months depending on the weathcer). No development occurs at tem-
peraturcs below 13.7°C (Dietz and Zetek 1920; Dowell and Fitzpatrick 1978).
From two (Afzal Husain and Khan 194s) to six (Dictz and Zetck 1920)
overlapping gencerations per year have been reported under field conditions
and a seventh generation is possible under inscctary conditions (Clausen
and Berry 1932). Three to four gencrations occur annually in Florida
(Dowecll ct al. 1981). ,

The female adult citrus blacktly oviposits in a spiral pattern on the under-
side of lcaves. Each female may oviposit several times, with cach spiral
containing twenty to fifty cggs, for a2 maximum fecundity cxceeding onc
hundred cggs. Dowell et al. (1981) report the average number of cggs per
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female to be sixty-five to seventy. Eggs from unmated females develop into
male offspring (Dictz and Zetck 1920). -

Theactive first instar nymph, or crawlcr, is clongate-oval in shapcand lcss
than half a millimcter in length. Crawlers usually settle along minor lcaf
venation within fiftcen minutes of emergence (Chavez Torres 1980) but may
remain active for several hours (Dowell, Reinert, and Fitzpatrick 1978).
Once settled, the inscct feeds on plant fluids and grows progressively larger
and more ovate through its sccond, third, and fourth instars. The last
nymphal stage is approximately one millimeter in length, and the adult is
shorter than two millimeters. Winged adults are initially bright red in color
but become covered with a waxy dust within twenty-four hours, producing
a general slate-bluc appcarance (Dowell et al. 1981).

In its native southcast Asian habitat the citrus blackfly is found virtually
exclusively on citrus trees (Clausen and Berry 1932). In the western hemi-
sphere, however, Aleurocanthus woglumi has been reported on scventy-five
ditferent hosts representing thirty familics in Cuba, Jamaica, and Panama
(Dietz and Zetck 1920) and on at least seventy-five plant species from thirty-
eight families in Mexico (Smith, Maltby, and Jimenez 1964). A complete list
of hosts on which oviposition has bcen recorded includes at Ieast one
hundred and sixty species in cighty familics (Dowell and Stcinberg 1979).
Female blackflies, like other specics of whitefly, apparently orient to plant
foliage on the basis of color, responding to reflected light in the 500 to 600
nanomcter range (Dowell 1979b), although there is no evidence for long-
range chemical attraction. The number of plant specics oviposited upon
becomes greater with increasing blackfly density (Howard and Neel 1977;
Dowell et al. 1979).

Despitc the polyphagous oviposition habits of the citrus blackfly, com-
plete development to the adult stage has been reported on only twenty
noncitrus species (Dowell et al. 1981), and survival on these alternate hosts is
generally low (Clausen and Berry 19325 Smith, Malitby, and Jimencz 1964;
Howard and Necel 1977; Dowell and Steinberg 1979; Dowell ct al. 1979).
Dowell (1978) demonstrated that secondary hosts, including mango (con-
sidered the most important), are incapable of supporting citrus blackfly
populations without constant immigration from ncarby citrus trecs.

Biologically and cconomically, Citrus specics are the most important
hosts, with survivorship greatest and population growth most rapid on
lemon, much less on grapefruit, and somewhat intermediate on lime (Citrus
aurantifolia [Christm.]), orange (Citrus sinensis [L.]), tangerine (Citrus re-
ticulata Blanco), and tangclo (Citrus paradisi Macfad. x C, reticulata)
(Dowecll, Reinert, and Fitzpatrick 1978; Howard 1979). Those noncitrus
hosts that are capable of supporting citrus blackfly development from the
cgg to the adult stage may facilitate spread of the infestation between the
more preferred citrus hosts.
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Damage and Epidemiology

Feeding by immaturc citrus blackflics can inflict both dircct feeding injury
and indircct damage by promoting sooty mold growth. Although there is
no cvidence that toxins are injected during feeding, insertion of the feeding
stylets damages the cpidermal cclls on the underside of the leaves, resulting
in thickened cell walls, loss of ccllular contents, and chlorotic patches (Hart,
Gausman, and Rodrigucz 1976). This ccllular damage may be relatively
insignificant (Dowell et al. 1981) unless considered in combination with
other factors, such as loss of nutricnts from the infested tree. Fifty to one
hundred blackfly nymphs per lcaf can reduce the nitrogen content of that
leaf below the 2.2 percent level required by orange trees for successful fruit
sct (ibid; Dowell 1983).

Indirect damage from citrus blackfly infestation results from the secretion
of honcydew by fecding nymphs. Accumulation of honcydew on the leaf
surface promotcs the growth of sooty mold fungi, impairing respiration
and photosynthesis. Damage to leaf cclls, nutrient loss, and sooty mold
accumulation combine to produce the symptoms characteristic of scvere
- citrus blackfly infestation: reduction in bloom and fruit sct, stunting, and
defoliation. Branch dcath or trec kill can occur in severe infestations but is
generally uncommon (Ba-Angood 1977; Afzal Husain and Khan 1945).
Thesc symptoms can Icad to a reduction in fruit yicld and quality, although
there is little information available regarding the actual cconomic impact of
the citrus blackfly. Most published figures have been offered without sup-
porting data.

Data on economic impact can be difficult to compile, because citrus
blackfly infcstation is cssentially a debilitating condition rather than a direct
threat to the fruit itsclf. Morcover, cquivalent densitics of nymphs may be
associated with quite different effects on tree health because of local dif-
ferences in edaphic and climatic conditions.

Obscrvers in Panama (Dictz and Zetek 1920) and Florida (R. V. Dowecll,
personal communication, 1983) were unable to attributc a single case of tree
dcath or loss of vigor to citrus blackfly infestation. Short-tcrm infestations
were found to reduce fruit production by up to so percent in Mexico
(Smith, Maltby, and Jimenez 1964) and Florida, (R. V. Dowell, personal
communication, 1983) and infestations of longer than one year frequently
resulted in almost complete crop failurc. In Pakistan, typical losses due to
citrus blackfly have been estimated at 5 to 1o percent with occasional losses as
high as so to 6o percent (Abbas, Kahn, and Haque 1955). Lotorto (1978)
statcd that fruit production may be reduced by up to 80 percent in scvere
infestations. Reductions of this magnitude were not, howcvcr, observed in
Panama (Dictz and Zctck 1920).

In Florida, the citrus blackfly has been an urban pest, found on dooryard



Citrus Blackfly 151

(urban or ornamental) citrus and in nurserics, where it is currently held at
low densities by introduced parasites. It has not become a pest in commer-
cial citrus groves. As a result, no cconomic thresholds have been established
(Fitzpatrick, Cherry, and Dowecll 1979). Although the emphasis in urban
arcas has shifted from cradication to containment with biological control,
complete exclusion of the citrus blackfly from commercial citriculturcs is
still considered cssential.

During the most recent cradication cffort in Florida (1976~79), the po-
tential annual costs of chemically controlling the citrus blackfly if it were to
become established in commercial groves was cstimated to be from $80
million to over $100 million (Coopcer 1978; Blackfly cradication program
1976). Such figures do not take into account cxisting pest management
practices. A more carcfully documented estimate by Dowell (1980) places a
maximum value of $9,288,000 on the additional chemical treatments that
would be required annually in Florida to control an cstablished infection
without a biological control program.

The citrus blackfly is limited in its distribution by climatic conditions,
available host plant material, and its own dispersal capabilitics. Warm,
humid conditions incrcase the developmental rate and the number of an-
nual gencrations; cool, dry conditions rctard development. The tem-
perature threshold for citrus blackfly development is 13.7°C, and optimal
survival occurs at 26.6°C (Dowell and Fitzpatrick 1978). Dessication of cggs
and nymphs under conditions of low humidity can be a major mortality
factor, and such conditions also reduce successtul adult emergence from the
final nymphal instar (Clausen and Berry 19325 Quezada 1974). Adults may
also be destroyed in large numbers by heavy rains and wind (Russell 1962).

Adult citrus blackflics do not appcar to move great distances on their
own. Dowecll et al. (1981) report that adults may be capable of flying four
hundred to six hundred meters, but very few were caught by yellow sticky
traps placed more than fifty meters from an infested tree. First instar
crawlers have been observed to walk a maximum distance of only thirty-
cight millimeters from the egg spiral (Dictz and Zetck 1920). Although
wind dispersal of the crawlers is certainly conccivable, this has not been
documented. The possibility of long-range dispersal of adults by wind has
also been suggested (Chavez Torres 1980).

Humans are the primary agents of long-distance dispersal of citrus black-
fly. A. woglumi is thought to have been originally introduced into Jamaica
on infested seedlings from its Asian home; live immatures and adults have
also been intercepted on boutonnicres, corsages, and excised leaves in fruit
shipments (Newell and Brown 1939; Dowell ct al. 1981). However, sur-
vivorship is low on cxcised plant parts, and potted scedlings are probably
the major means of long-distance dispersal to new areas. Inspection and
quarantinc arc of prime importance in preventing introductions.
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Control

Citrus is grown under adverse conditions in much of the citrus blackfly’s
rangc in southcast Asia, with scasonal flooding altcrnating with periods of
water stress. In some of thesc arcas, such as Sri Lanka, citrus is largely a
casual crop given little or no carc aftcr planting (Burke 1967). In other arcas
citrus has been an important cultivated crop for many years, or its cultiva-
tion has been rapidly cxpandmg Citrus blackfly has been regarded as a
serious pest in some of thesc rcgnons (Abbas, Kahn, and Haquc 19555 Afzal
Husain and Khan 1945), but in other portlons of its range it is scarce, and
when it is found, the level of parasitism by natural encmics is often hlgh
(DeBach and Bartlett 1951; Rao 1969). Climatic factors and natural enemics
prevent citrus blackfly from attaining high populations levels. Several spe-
cies of parasitic wasps in the genera Encarsia (including Prospaltella of earlier
authors), Eretmocerus, and Amitus attack citrus blackfly in different parts of
Asia (Clausen and Berry 1932; Russcll 1962; Smith, Maltby, and Jimencz
1964).

Because humans are a chief factor in the distribution of this pest, plant
quarantine and inspection arc major means of limiting its spread. Because
the blackfly feeds on the foliage and not on the fruit, primary measures arc
directed at regulating the shipment of citrus scedlings from nurseries. Such
quarantine measures can be regionally effective but may be unevenly ap-
plicd on a worldwidc basis.

In the western hemisphere, the initial establishment and spread of A.
woglumi was unimpeded by its cffective natural encmics, which: were left
behind in Asia. Early chemical suppression techniques involved the use of
various oils and sprays applicd as emulsions. A spray consisting of paraffin
oil, whalc oil soap, and watcr was widcly uscd in the West Indics and in the
first U.S. eradication program in Key West, Florida, in 1934 (Newell and
Brown 1939). Formulations containing nicotine were also found to be effec-
tive in Panama (Dictz and Zectek 1920) and Jamaica (Gowdey 1921).

When citrus blackfly invaded Mexico, extensive chemical trials revealed
that rotenone was very cffective, as were the relatively new organophos-
phates, malathion and parathion. DDT was also effective against the blackfly
but had the disadvantage of inducing sccondary outbreaks of scale inscets
(Reinert and Necel 1977). Rotenone and malathion were widely used in
Mexico during the 1940s and 1950s; they were replaced by carbophenothion
early in the 1960s (Enkerlin 1974; Smith, Maltby, and Jimencz 1964). Inscc-
ticide trials during the same period of time in Oman and in India also
demonstrated the effectivencess of organophosphates for citrus blackfly con-
trol (Reinert and Necl 1977).

In the mid-19s0s, rotenone and malathion were used successfully in the
cradication of small infestations in the Rio Grande Valley in Texas. Follow-
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ing reinfestation of the same area in 1971, they were replaced by dimethoate
(ibid). When citrus blackfly was discovered in 1976 for the second time in
Florida, malathion was used initially but was replaced by acephate, then
unregistered for such purpose, when the Environmental Protection Agency
granted an cxemption allowing its usc. Accphate requires fewer applica-
tions and is less phytotoxic than malathion (Lotorto 1978; Sclhime 1980).

Biological control has been extraordinarily successful in dealing with A.
- woglumi virtually everywhere it has been used. Concern over its possible
introduction into the United States from the Caribbean islands led the
United States Department of Agriculture (UsDA) to establish a cooperative
program with the Cuban government in 1928 to find and introduce natural
cnemics of the blackfly. Subsequent exploration in Malaysia resulted in the
importation and establishment of Eretmocerus serius Silvestri in Cuba, Pan-
ama, the Bahamas, and Haiti, where this parasite proved very effective in
reducing citrus blackfly populations (Clausen and Berry 1932; Clausen
1978).

As citrus blackfly continued to expand its range in the Americas,
Eretmocerus serius was successfully imported to combat it in Costa Rica,
Barbados, and Jamaica (DeBach 1964). Eretmocerus was also brought into
Mexico but was less successful there, presumably because of an inability to
adapt to the more arid environment (Smith, Maltby, and Jimenez 1964).
Further exploration in the Far East resulted in the importation and suc-
cessful establishment in Mexico of Amitus hesperidum Silv., Encarsia opulen-
ta, (Silv.), and Encarsia clypealis (Silv.) (ibid; Flanders 1969). Augmentation
of biological control by Eretmocerus with Encarsia opulenta has since in-
creased the degree of success in Barbados and Jamaica (Clauscn 1978).
Encarsia opulenta alonc was successful when introduced into Venczucla
(Chavez Torres 1980). Amitus hesperidum was reported to be cstablished in
Ecuador (Clausen 1978), but no indications of its success are currently
available.

In 1959, citrus blackfly was discovered near Durban, South Africa. Erad-
ication was thought to be impractical because of the large number of door-
yardcitrus trees in the region, the hilly terrain, extensive plantings of mango
(an alternate host), and the general lack of commercial and home treatment
for scale pests of citrus. Shipments of Eretmocerus from Jamaica were subsc-
quently established in South Africa, and the pest potential of citrus blackfly
was reduced significantly (Bedford and Thomas 1965). Biological control
using introduced parasites against the blackfly was also found to be effective
in the Scychelles (Greathead 1971) and in Kenya. Within several years of the
initial releases, sooty mold was virtually climinated from citrus, and com-
mercial control had been obtained without the use of insccticides (Wheatley
1964 ).

Parasite rearing facilitics cstablished in Mexico for the production of
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Amitus hesperidum, Encarsia opulenta, and Encarsia clypealis were to be
important in the eventual biological control of citrus blackfly in the United
States as well as in protecting Mcxican citriculture.

History of Eradication Efforts

In August 1934, an infestation of citrus blackfly extending over several city
blocks was found on the island of Key West, Florida, by State Plant Board
inspectors. Various life stages were found on dooryard citrus and on twen-
ty-two other specics of plants and trces (Brown 1937). Rapid inspection of
the surrounding islands indicated that the infestation was confined to Key
West and probably had been introduced from Cuba (ibid). Ironically, the
infestation in Cuba had at the time been brought under cxcellent control by
the introduction of parasites. The State Plant Board had commented the
previous year that “Florida’s horticultural industrics are, by reason of the
successful introduction (of parasites), greatly protected against danger of
introduction of the blackfly, and if there should be such introduction, there
is immediately available an effective control measure” (State Plant Board of
Florida 1933).

At a mecting in Key West two days after the initial discovery of citrus
blackfly, the Statc Plant Board and the uspa, with the aid of the Emecrgency
Relief Administration, decided upon an immediate eradication campaign.
Eradication measures included (1) suitable regulations providing authority
for application of eradication measures, (2) enforcement of a quarantine to
prevent the movement of uncertificd host plants from Key West, and (3)
application of an oil emulsion consisting of two parts fish oil soap, two parts
oil, and one part water at twenty-one day intervals (Brown 1937). This spray
regime was followed for almost three years, from September 1934 until June
of 1937 (with a two month intcrruption in the spring of 1936), although in
the final months only citrus and mango were treated (Newell and Brown
1939). No phytotoxicity was noted cven though sufficient material was
applied with truck-borne power sprayers to drench all parts of the trees
(ibid).

The last citrus blackfly in Kcy West was found on a single lcafin February
1937. The quarantine was suspended on April 13, 1938, and on April 14, the
successful outcome of the eradication campaign was reported at the annual
mccting of the Florida State Horticultural Socicty (Brown 1939). The
projcct was reported to have cost $36,000 in federal funds and $161,464 in
state funds (ibid).

The isolation of Key West and the cstablished presence of State Plant
Board personnel on the island contributed immenscly to the success of the
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cradication campaign. These same factors, however, also crcatcd scrious
problems during the course of the campaign.

Key West was physically isolated from ainland Florida in the 1930s. The
ovcrscas railroad bridge was partially destroyed by a hurricanc in 1935, and
construction of the automobilc causcway was not begun until 1937. The
five-hour ferry ride and only three airplane flights cach week simplificd the
enforcement of quarantinc measures.

But the citizens of Key West were socially isolated as well from mainland
Florida. In 1937, the New York Times rcferred to Key West as “problem
stcpchﬂd of the United States, neglected by the parent mainland, gone
forcign in atmosphere, architecture, habit and language” (Berger 1937).
There were no commercial citrus groves on the island, and the State Plant
Board found residents to be indifferent towards the threat to mainland
groves and hostile to the eradication effort.

Opposition to the spray program was cncountered almost immediatcly
among property occupants. The pcrsonal inconvenicence of the program
was certainly a major factor in this resistance, since it was necessary to
provide access to the spray crews every three wecks in order to “drench” the
twenty-three suspected host plants. In some cascs, it was necessary to drag
great lengths of hose through residents’ homes in order to reach yard
plantings (Newell and Brown 1939). The possibility of contaminating back-
yard cisterns (rainwater being the sole source of fresh water on Key West)
may have been a contributing fear. This limited avzulablhty of fresh water
causcd supply problems for the Plant Board as well, since their crews used
several thousand gallons daily (ibid).

A simultaneous (1933—36) eradication campaign against the West Indian
fruit fly (Anastrepha spp.) on Key West undoubtcdly contributed to citizen
inconvenience. This project involved fruit stnppmg and the widespread
application of tartar emetic (antimony and potassium tartrate) at fifteen-
day intervals to yard plantings. This eradication attempt was dropped in
1936, when it became evident that the West Indian fruit fly had been present
for somc time on the mainland without any apparent economic damagc
(Brown 1937). Because the State Plant Board was an established presence in
Key West when the citrus blackfly was first detected in 1934, trained person-
ncl and equipment were alrcady available locally. A somewhat antagonistic
relationship with much of the local citizenry also existed.

In May 1935, criminal charges were filed against one objector for violating
plant board regulations, but the local jury failed to reach a verdict. Later in
1935 and in 1936, scveral citizens were found guilty of assaulting plant board
cmployccs. In Junc 1935, the plant board was denied an injunction restrain-
ing fifey-five objecting property occupants. However, in December a per-
mancnt injunction was granted by the circuit court in Miami. The dcfen-
dents in the suit appealed to the Florida State Supreme Court, which
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nullificd the restraining order while acting upon the appeal in March 1936.
By this time, the number of objectors had increased to approximately one
hundred (ibid), and the plant board, “disappointed at its own failure as well
as that of intcrested and public-spirited citizens to reduce opposition, had
discontinucd spraying and withdrew its inspection force” (Brown 1939).

The interruption in spraying was short-lived. On March 30, 1936, twelve
days aftcr opcrations ccased in Key West, a joint mecting of the State Plant
Board and the Florida Citrus Commission was held to advisc citrus industry
leaders of the situation. Immediatcly after this meeting, plans were made for
resuming operations (Brown 1937).

In May 1936, the supreme court sustained the injunction granted by the
circuit court, and spray opcrations resumed. A deputy sheriff was assigned
to cach spray truck to protect the crew (ibid). General opposition to the
eradication project declined greatly, and only a few individuals were cited
for contempt before eradication activitics werce discontinued in Junc 1937.
Quarantinc enforcement was dropped in April 1938. Although this brought
the four-year eradication campaign to a successful conclusion (confirmed by
an extensive inspection in the fall of 1938), the State Plant Board emphasized
that with proper cooperation from property occupants, the operation
would have been completed in one year or less (Brown 1937, 1939; Newell
and Brown 1939).

In 1947, concern over citrus blackfly infestations in Guaymas and Em-
palme, Mcxico, 270 miles south of the Arizona border, led California and
Arizona citrus growers to contribute $25,000 for a chemical control pro-
gram in these two citics and ncarby citrus groves. With the cooperation of
the Mexican Direccién General de Agricultura all urban host trees and
commercial groves in the arca were sprayed two to three times with ro-
tenonc in oil between November 1947 and April 1948. In 1948, responsibility
for this grower-initiated program passed to the UsDA and the Dircccién
General de Agricultura, and chemical treatments and monitoring were con-
tinucd (Cooper, Plummer, and Shaw 1950).

As in Key West, spray hoscs frequently had to be dragged through resi-
dents’ homes in Guaymas and Empalme in order to reach enclosed patios
with trees (Gunter 1954). No enforcement laws existed, and compliancc was
at the discretion of the individual property owners. Initially, the urban
public was reported to be quite cooperative (Woglum 1948). But several
years and many treatments later the lack of enforcement laws was cited as a
major stumbling block to eradication of the persistent low-level infestations
of blackfly. Where spraying was not permitted, labor-intensive hand strip-
ping of infested leaves was used instcad (Woglum, Smith, and Clausen 1952;
Gunter 1954).

In carly 1950, a small blackfly infestation was found in two trecs in
Matamoros, Mcxico, immediately across the border from Brownsville,
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Texas. All host trees within a nine-block square arca were sprayed four times
with rotenone in oil (Berry 1951). The continuing threat of insect encroach-
ments across the Texas border and into the citrus groves of the Lower Rio
Grande Valley resulted in the formation of the Mexican Fruit Fly-Citrus
Blackfly Control Project in 1951 (Hart ct al. 1973). Personnel of the state of
Texas, the UsDA, and the Direccién General de Agricultura conducted
ground surveys, treated and cradicated spot infestations along the Texas-
Mecxico border, and maintained a blackfly-free barricr zonce in northwestern
Mexico (Reinert and Neel 1977). South of the barrier zone blackfly was
effectively controlled by parasites.

During 1955—s56 citrus blackfly began to appcar in Texas. By the end of 1956
thirty-three separate infestations had been reported (ibid). These were small
infestations on leaves attached to fruit or scedlings brought across the
border or small infestations on noncommercial trees growing ncar the
border. The latter were belicved to be duc to tourists bringing adult black-
flics across the border in cars or trailers. A scrics of localized malathion or
rotenonc sprays were successful in eliminating these foci.

New blackfly infestations in Texas were reported during 1967 and were
attributed to dispersal from Mexico by hurricane winds originating from
the Yucatan peninsula six to seven months carlicr (Chavez Torres 1980). By
1971, citrus blackfly invasions of Texas had triggered another eradication
program, this time with dimethoate sprays applied every three weeks (Hart
ct al. 1978). Despite repeated applications, with some trees recciving up to
thirty treatments, the infestation not only persisted but continued to
spread, moving beyond dooryard citrus into several commercial groves. To
help combat further spread, federal quarantine regulations werc instituted
requiring all commercial citrus to be stripped of lcaves prior to being packed
for shipment. Citrus blackfly was successfully confined to residential citrus
in the Brownsville arca until 1974 when it moved into commercial groves. A
program to treat infested groves with dimcthoate was immediately in-
stituted (Citrus blackfly fight 1975).

In 1974, a trial arca of heavily infested dooryard citrus was chosen to test
the cffectivencss of biological control, while the cradication program was
continued outside of this zone. Ficld-collected Encansia opulenta and
Encarsia clypealis and laboratory-rcared Amitus hesperidum were relcased
onto residential citrus in Brownsville (Holler and Brazzel 1978). After three
years, blackfly populations had been reduced to low levels, and no commer-
cial production losscs were reported during the final two years of the study
(Ketner and Rosicr 1978). The most recent studics have shown that citrus
blackfly in the Lower Rio Grande Valley continucs to be held at very low
population densitics by the action of Encarsia opulenta (Summy ct al. 1983).

At about the same time that A. woglumi was coming under satisfactory
biological control in Texas, it was discovered ancw in Florida. In January
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1976, citrus blackfly was found on nursery stock in an urban area of Fort
Lauderdale, Broward County. An initial survey of the surrounding area
indicated that the infestation covered a minimum of several squarc miles,
and spraying was promptly scheduled (FDACS 1976a). Further survcys werc
conducted, and within a month the size of the arca placed under quarantinc
had expanded to two hundred square miles. Because the blackfly disperscs
slowly, the size of the Fort Lauderdale infestation was belicved to indicate
that the inscct had been in Florida for at least four years—possibly ceven
longer—prior to its detection (Hart et al. 1978; R. V. Dowell, personal
communication, 1983). ;

Quarantine regulations went into cffect in March 1976, requiring that
nurseries in the affected areas be inspected on a regular basis and that all
mango and citrus plants transported from the controlled areas be treated
and/or certified to be free of citrus blackfly. Fruit shipped from this region
was to be fumigated with methyl bromide or certificd to be free of all Icaves.
An official dumping sitc was designated for the disposal of yard trash and
plant clippings.

An urban biometric survey was initiated at this time to provide detailed
information on the size and distribution of the infcstation (Fpacs 1976b).
Initially, thc USDA contracted with commercial applicators to conduct door-
to-door spraying with malathion in the infested portion of Broward
County (Blackfly eradication program 1976; FDACS 1976a).

The success of biological control in dealing with citrus blackfly clsewhere
and the difficulty in cradicating the pest from Texas led some rescarchers to
conclude that biological control was a preferable method of dealing with
the situation. Citrus industry representatives disagreed, however, believing
that climatic conditions in Florida were sufficiently different from other
citrus growing regions to permit cradication (Hardy 1976; R. V. Dowell,
personal communication, 1983). Within two weeks of the initial blackfly
discovery in Fort Lauderdale, the board of directors of Florida Citrus
Mutual requested that the state department of agriculture and the uspa
immediatcly institutc a chemical cradication program (Reitz 1977). As plan-
ning for an cradication campaign procceded, however, arrangements were
made to import parasites from rcaring facilitics in Mexico as part of an
integrated management study intended partly as a hedge against an unsuc-
cesstul cradication attempt (Dowell 1979a). Relcases of Amitus besperidum
and Encarsia opulenta were begun in April 1976. A third species, Encarsia
clypealss, was released once at a single location in November but was not
recovered again (Hare ct al. 1978). \

Mcanwhile, the size of the infestation continued to grow in proportion
to the area examined in the biometric survey. By mid-1976 the regulated arca
had iricreased to 480 squarc miles. In July the state legislature officially
authorized a cooperative cradication program to be administered jointly by
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the usDA Animal and Plant Health and Inspection Service and the Florida
Division of Plant Industry. This effort was projected to last five yecars and
cost about five million dollars per year; six dollars per year for cvery acrc of
commercial citrus in the state (Lotorto 1978; Rcitz 1977).

At the complction of the blackfly survey in August 1976, the infestation
covered the southern half of Palm Beach County, most of the inhabited
portions of Broward County, and the northern half of Dade County. Both
statc and federal quarantines were designed to prevent the citrus blackfly
from spreading north and west from these urban arcas in southeastern
Florida to the primary citrus growing regions in central Florida.

Chemical control was initiated in August using six applications of mal-
athion, applicd by ground crews at two-week intervals. Sprays were applicd
in two moving buffer zones, beginning at the northern and southern
boundaries of the eradication zone and moving towards each other. In
October an Environmental Protection Agency cxemption authorized lim-
itcd usc of acephatc in place of malathion. Acephate had been found to have
both residual and systemic toxicity against the blackfly and was considered
to be less phytotoxic and less hazardous to birds and fish than malathion.
The numbers of sprays applicd per property in the buffer zones was reduced
to three with acephate instead of the previous six (Lotorto 1978; Reinert and
Necel 1977). Initial hopes for the development of acrial application methods
(FDACS 1976b) were never realized. Reitz (1977) attributed this to the prefer-
cnce of the blackfly for the undersides of Icaves and to insufficient transloca-
tion within plants of the pesticides employed. ’

An extensive, well-organized media campaign was mounted by the state
of Florida to inform the general public about the citrus blackfly and the
eradication program (Dowell et al. 1979; Reitz 1977). Perhaps as a result, the
blackfly campaign did not experience the ncgative public reception in
the affected areas that occurred in 1934 in Key West.

The state legislature also required basic research on the biology of the
blackfly and its chemical and biological control as part of the cradication
program. Rescarchers at the University of Florida cooperated with state
and federal workers in producing new information on the biology and host
rangc of A. waglumi, cfficacy of various control measures, and biology of its
parasites (Lotorto 1978; Rcinert and Necl 1977; R. V. Dowell, personal
communication, 1983).

Funding of the eradication program raised some interesting questions. A
state legislature proposal to finance an emergency pest control fund by
levying a new tax on agricultural commoditics was strongly opposcd by
agricultural intcrests on the grounds that additional industry taxes were
inappropriate for solving pest problems that may have been caused by the
general public (Lavigne 1976). The citrus industry also opposed grower-
financed projects to raisc moncy for the cradication program (Hardy 1976).
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This opposition by industry succceded in overriding the tax proposal, and
the eradication program was funded from general revenue.moneys.

Continued monitoring during 1977 indicated that the infestation cen-
tered in Fort Lauderdale actually encompassed 1,250 squarc milcs (Lotorto
1978). The two buffer zones to the north and south of the infested arca
continucd to move inward; affected citrus was treated with accphate cvery
twenty-one days. In October 1977, mango and Surinam cherry were added
to the treatment schedule. The addition of these two hosts, together with
the increased size of the area to be trcatcd, made continued treatment of
both barrier zones economically unfeasible. Therefore, treatment of the
southern zone was discontinucd in carly 1978, and all effort was concen-
trated in the northern part of the infested area nearest the important citrus-
growing regions to the northwest. '

Parasite releases were also continued throughout 1977, with great success
in establishment and in controlling citrus blackfly. By January 1978, the
parasitcs alonc were credited with a 97 percent reduction in the blackfly
population (FDACS 1978; Sclhime 1979). This led to the incorporation of
biological control as an integral part of the eradication effort: parasite
relcases were used to rapidly reduce blackfly numbers with subsequent
accphatc applications intended to climinate the remainder. The oppor-
tunity to capitalize on the blackfly reduction resulting from parasites in the
northern portion of the infested arca was offered as an additional rationale
for concentrating the spray operations in that region (Florida cxpands 1978).

Surveys in late 1978 and carly 1979 revealed a persistent low-level infesta-
tion throughout the sprayed arcas rather than the expected spot infestations
which would have indicated local reintroductions (R. V. Dowell, personal
communication, 1983). The two parasites, Encarsia opulenta and Amitus
hesperidum, also managced to survive the spray regime and persisted at very
low host densities (Dowell 1979a; Cherry and Pastor 1980).

The proven effectiveness of the parasites and their persistence at low
densities of the citrus blackfly led the Blackfly Technical Advisory Commit-
tee to recommend termination of the cradication phasc and full implemen-
tation of a biological control program. Despite disagreement by some asso-
ciates of the citrus industry (Blackfly question 1979), Florida Commissioner
of Agriculture Doyle Conner announced in March 1979 his decision to
accept a “containment” program with the option of reverting to cradication
if necessary (FDACS 1979). The eradication program had not officially failed
but simply was no longer necessary.

The containment program provided for continued monitoring of citrus
blackfly populations in the arca of original infestation, parasitc rclcascs, and
chemical treatment of isolated infestations. All treatment with accphatc was
terminated in September 1979 when the specific exemption for its usc
cxpired. As of 1988 citrus blackfly is considcred under complete biological
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control in Florida. Occasional local flarcups are quickly eliminated by
Amitus. Both parasite species have become established and are no longer
being reared for release (R. V. Dowell, personal communication, 1988).

Thus, the speculation in 1933 by thc Florida State Plant Board that
parasites could cffectively control citrus blackfly in mainland Florida had
finally been accepted, though not without two attempts at cradication. The
first attempt, in 1933, encountcred a great dceal of public resistance but
proved successful because of the isolated nature of the infested arca (Key
West). Forty years later, the second eradication cffort aroused no public
antagonism yet failed to attain its goal. Despite public support for the
program, the size of the infested arca and its location in a major urban center
undoubtedly made thorough trcatment and enforcement of quarantincs
difficult. With citrus blackfly present in Mexico and the Caribbean, the
establishment of effective parasites in Florida and Texas serves not only to

control cxisting populations but also as insurance against the cver-present
threat of reintroduction.

Evaluation of Evadication Efforts

Successful cradications of Aleurocanthus woglumi share several comparable
features. In cach case the total arca of infestation was very small or very
isolated at the time of detection. Survey or monitoring techniques used
were very extensive or were already established for the blackfly or for other
pests. Failure to cradicate citrus blackfly, therefore, was often attributable to
late detection. Complicating this was the tendency of the insect to appear
first in an urban sctting where survey and control measures are labor inten-
sive and thus inherently expensive and less efficient. The resistant naturc of
the immature stages and their habit of feeding on the undersides of leaves
also contributed to the lack of effectiveness of control methods.

Prevention of pest establishment with rapid chemical treatment is often a
cost-cffective means of dealing with a new introduction if the pest can be
detected and climinated before it spreads throughout a new habitat, With
the citrus blackfly, the requirement of carly dctection has scldom been met
and will probably remain a problem in the future.

The continual growth of worldwidc travel and trade scems likely to assure
new introductions and reintroductions of A. woglums. Localized spot treat-
ments of the pest are desirable in attempting to prevent establishment. But
the failurcs of previous large-scale cradication programs should be kept in
mind. Biological control remains an effective management technique, and
recent rescarch illustrating the compatibility of natural enemies with the
pest management techniques currently practices in citriculture (Fitzpatrick,
Cherry, and Dowell 1979; Dowell and Fitzpatrick 1980) should strengthen
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the acceptance of biologicakcontrol by the citrus industry. Natural control
of citrus blackfly offers a textbook example of effective classical biological
control. ,
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