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as academic audiences.

Introduction

The papaya mealybug, Paracoccus marginatus Williams and
Granara de Willink, is a small hemipteran that attacks sev-
eral genera of host plants, including economically impor-
tant tropical fruits and ornamentals. The papaya mealybug
was discovered in Manatee and Palm Beach counties in
Florida in 1998 and subsequently spread rapidly to several
other Florida counties. It potentially poses a multi-million
dollar threat to numerous agricultural products in Florida,
as well as other states, if not controlled. Biological control
was identified as a key component in a management
strategy for the papaya mealybug, and a classical biological
control program was initiated as a joint effort between the
US Department of Agriculture, Puerto Rico Department of
Agriculture, and Ministry of Agriculture in the Dominican
Republic in 1999.

Figure 1. Adults and egg sacs of papaya mealybug, Paracoccus
marginatus Williams and Granara de Willink.
Credits: Dale Meyerdirk, National Biological Control Institute

Distribution

The papaya mealybug is believed to be native to Mexico
and/or Central America. It has never gained status as

a serious pest there, probably due to the presence of an
endemic natural enemy complex. The first specimens were
collected in Mexico in 1955. The papaya mealybug was
described in 1992 from the Neotropical Region in Belize,
Costa Rica, Guatemala, and Mexico (Williams and Granara
de Willink 1992). When the papaya mealybug invaded the
Caribbean region, it became a pest there; since 1994 it has
been recorded in the following 14 Caribbean countries: St.
Martin, Guadeloupe, St. Barthelemy, Antigua, Bahamas,
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British Virgin Islands, Cuba, Dominican Republic, Haiti, Eggs are greenish yellow and are laid in an egg sac that is
Puerto Rico, Montserrat, Nevis, St. Kitts, and the US Virgin  three to four times the body length and entirely covered

Islands. More recently, specimens have turned up in the with white wax. The ovisac is developed ventrally on the

Pacific regions of Guam and the Republic of Palau. adult female.
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Figure 2. Distribution of the papaya mealybug, Paracoccus marginatus
Williams and Granara de Willink, as of May 2003.
Credits: Dale Meyerdirk, National Biological Control Institute

The papaya mealybug was discovered in Bradenton,
Florida in 1998 on hibiscus. By January 2002, it had been
collected 80 times on 18 different plant species in 30 cities
throughout Alachua, Brevard, Broward, Collier, Dade,
Hillsborough, Manatee, Martin, Monroe, Palm Beach,
Pinellas, Polk, Sarasota, and Volusia counties. adult female
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Figure 3. Papaya leaf infestation of the papaya mealybug, Paracoccus

marginatus Williams and Granara de Willink.
Credits: Dale Meyerdirk, National Biological Control Institute
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on papaya plants in the Garfield Conservatory in Chicago,
Illinois in late August of 2001. A biological control program
was implemented in December of 2001 with very successful
results. &
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Description

Papaya mealybug infestations are typically observed as
clusters of cotton-like masses on the above-ground portion . .
of plants. The adult female is yellow and is covered with a e
white waxy coating. Adult females are approximately 2.2 < '
mm (0.08 in) long and 1.4 mm (0.06 in) wide. A series of g (
short waxy caudal filaments less than 1/4 the length of the f ’;

body exist around the margin. /
Figure 4. Adult female papaya mealybug, Paracoccus marginatus
Williams and Granara de Willink.

Credits: D. Miller and G. Miller, USDA
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adult male
Paracoccus mariginatus

Figure 5. Adult male papaya mealybug, Paracoccus marginatus
Williams and Granara de Willink.

Credits: D. Miller and G. Miller, USDA

Adult males tend to be colored pink, especially during
the pre-pupal and pupal stages, but appear yellow in the
first and second instar. Adult males are approximately
1.0 mm (0.04 in) long, with an elongate oval body that is
widest at the thorax (0.3 mm (0.01 in)). Adult males have
ten-segmented antennae, a distinct aedeagus, lateral pore
clusters, a heavily sclerotized thorax and head, and well-
developed wings.

Miller and Miller (2002) give a complete description of

all instars of both sexes of the papaya mealybug, as well as
a complete description of characters used to distinguish
the papaya mealybug from other closely related species.
Two characteristics that are important in distinguish-

ing Paracoccus marginatus adult females from all other
species of Paracoccus are the presence of oral-rim tubular
ducts dorsally restricted to marginal areas of the body, and
the absence of pores on the hind tibiae. Adult males may be
distinguished from other related species by the presence of
stout fleshy setae on the antennae and the absence of fleshy
setae on the legs.

The papaya mealybug can easily be distinguished from
Maconellicoccus marginatus (Green), the pink hibiscus
mealybug, because papaya mealybug females have eight
antennal segments, in contrast to nine in the latter species.

Specimens of papaya mealybug turn bluish-black when
placed in alcohol, as is characteristic of other members of
this genus.

i

Figure 6. Various stages in the life cycle of the pink hibiscus mealybug,
Maconellicoccus hirsutus (Green).
Credits: Dale Meyerdirk, National Biological Control Institute

Biology

Details on the biology and life cycle of the papaya mealybug
are lacking. In general, mealybugs have piercing-sucking
mouthparts and feed by inserting their mouthparts into
plant tissue and sucking out sap. Mealybugs are most

active in warm, dry weather. Females have no wings and
move by crawling short distances or by being blown in air
currents. Females usually lay 100 to 600 eggs in an ovisac,
although some species of mealybugs give birth to live
young. Egg-laying usually occurs over the period of one to
two weeks. Egg hatch occurs in about 10 days, and nympbhs,
or crawlers, begin to actively search for feeding sites.
Female crawlers have four instars, with a generation taking
approximately one month to complete, depending on the
temperature. Males have five instars, the fourth of which is
produced in a cocoon and referred to as the pupa. The fifth
instar of the male is the only winged form of the species
capable of flight. Adult females attract the males with sex
pheromones. Under greenhouse conditions, reproduction
occurs throughout the year, and in certain species may
occur without fertilization.

Host Plants

The papaya mealybug is polyphagous and has been record-
ed on >55 host plants in more than 25 genera. Economi-
cally important host plants of the papaya mealybug include
papaya, hibiscus, avocado, citrus, cotton, tomato, eggplant,
peppers, beans and peas, sweet potato, mango, cherry, and
pomegranate.
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Damage

The papaya mealybug feeds on the sap of plants by inserting
its stylets into the epidermis of the leaf, as well as into the
fruit and stem. In doing so, it injects a toxic substance

into the leaves. The result is chlorosis, plant stunting, leaf
deformation, early leaf and fruit drop, a heavy buildup of
honeydew, and death. Heavy infestations are capable of
rendering fruit inedible due to the buildup of thick white
wax. Papaya mealybug has only been recorded feeding on
areas of the host plant that are above ground, namely the
leaves and fruit.

Figure 7. Papaya fruit infestation and damage caused by the papaya
mealybug, Paracoccus marginatus Williams and Granara de Willink.
Credits: Dale Meyerdirk, National Biological Control Institute

Paracoccus marginatus Williams and Granara de Willink.
Credits: Dale Meyerdirk, National Biological Control Institute
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Management

Chemical Control

A number of chemical controls are available to control
mealybugs, although none are currently registered specifi-
cally for control of papaya mealybug. Active ingredients
in registered pesticide formulations include acephate,
carbaryl, chlorpyrifos, diazinon, dimethoate, malathion,
and white mineral oils. Typically, twice the normal dose is
applied when treating for mealybugs because mealybugs
are protected by thick waxy, cottony sacs, and often are
concealed inside damaged leaves and buds. Thus, chemical
controls are only partially effective and require multiple
applications. Furthermore, problems with insecticide
resistance and non-target effects on natural enemies make
chemical control a less desirable control option to combat
the papaya mealybug.

Biological Control

Natural enemies of the papaya mealybug include the
commercially available mealybug destroyer (Cryptolaemus
montrouzieri), lady beetles, lacewings, and hover flies, all
which are generalist predators that have a potential impact
on mealybug populations. In addition to predators, several
parasitoids may attack papaya mealybug.

In 1999, the USDA Animal and Plant Health Inspection
Service (APHIS) and USDA Agricultural Research Service
(ARS) initiated a classical biological control program for
the papaya mealybug. Four genera of encyrtid endoparasit-
oid wasps specific to mealybugs were collected in Mexico
by USDA and ARS researchers and Mexican cooperators

as potential biological control agents: Acerophagus papayae
(Noyes and Schauff), Anagyrus loecki (Noyes and Menezes),
Anagyrus californicus Compere, and Pseudaphycus sp.
(USDA 1999, 2000; Meyerdirk and Kauftman 2001). A fifth
collected species was later reared and identified as Pseudlep-
tomastix mexicana (Noyes and Schauff 2003).

All four species were screened in USDA/ARS quarantine
facilities in Newark, Delaware and environmental assess-
ments were completed (USDA-APHIS 1999, 2000, 2002).
Specimens were then shipped to Puerto Rico where they
were cultured and mass-reared for experimental release in
Puerto Rico and the Dominican Republic. The first releases
of these four parasitoids were made in Florida in October
2000.

To date, APHIS has found that the release of the four
genera of parasitoid wasps has brought a 99.7% reduction
in the density of mealybug populations at research sites in
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the Dominican Republic, and a 97% reduction at research
sites in Puerto Rico, with parasitism levels between 35.5%
and 58.3% (Kauffman et al. 2001, Meyerdirk and Kauffman
2001). All four species of parasitoids have been observed
attacking second and third instars of Paracoccus margin-
atus. However, Acerophagus sp. emerged as the dominant
parasitoid species in both Puerto Rico and the Dominican
Republic (Meyerdirk and Kauffman 2001). The outcome

of releases of the four parasitoids in Florida is yet to be
determined as of March 2003.
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