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ABSTRACT

The parasitoid Anagyrus kamali Moursi [Hymenoptera: Encyrtidae] has been recently intro-
duced into the Caribbean as a biological control agent against the Hibiscus Mealybug, Ma-
conellicoccus hirsutus Green [Homoptera: Pseudococcidae]. In order to understand host/
parasitoid ecological interactions and optimize the mass-production system of this parasi-
toid, eight mealybug species (Planococcus citri (Risso), Planococcus halli Ezzat & McConnel,
Dysmicoccus brevipes (Cockerell), Pseudococcus elisae Borchsenius, Saccharococcus sacchari
(Cockerell), Puto barberii (Cockerell), Nipaecoccus nipae (Newstead), Plotococcus neotropi-
cus (Williams & Granara de Willink)) common to Trinidad were tested to determine their po-
tential as alternative hosts for the parasitoid. Susceptibility, preference and suitability tests
were conducted. In addition to M. hirsutus (4.5 + 2.04 hosts parasitized per female parasitoid
in 30 min), Planococcus citri (1.1 + 1.23 hosts parasitized) and Planoccocus halli (0.8 + 1.41
hosts parasitized) were the only species parasitized. However, the parasitoid did not com-
plete its development in the latter two hosts. Out of nine mealybug species, M. hirsutus was
the only suitable host for the complete development of A. kamali progeny. This level of host
specificity by A. kamali may prevent adverse effect to other Caribbean mealybug species.
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RESUMEN

El parasitoido Anagyrus kamali Moursi [Hymenoptera: Encyrtidae] fue introducido en el
Caribe para el control biologico de la cochinilla rosada, Maconellicoccus hirsutus Green [Ho-
moptera: Pseudococcidae]. Para mejorar nuestro conocimiento del systema plaga/parasi-
toido y optimizar la produccion del parasitoido, ocho especies de cochinillas (Planococcus
citri (Risso), Planococcus halli Ezzat & McConnel, Dysmicoccus brevipes (Cockerell), Pseu-
dococcus elisae Borchsenius, Saccharococcus sacchari (Cockerell), Puto barberii (Cockerell),
Nipaecoccus nipae (Newstead), Plotococcus neotropicus (Williams & Granara de Willink)) de
Trinidad fueron probadas para determinar sus potencial como hospedantes alternativos del
parasitoido. M. hirsutus (4.5 £ 2.04 hospedantes parasitados por parasitoido en 30 min), Pla-
nococcus citri (1.1 £ 1.23 hospedantes parasitados) y Planoccocus halli (0.8 + 1.41 hospedan-
tes parasitados) fueron las unicas especies parasitadas, sin embargo, el parasitoido nunca
completo su desarrollo en las dos ultimas especies. M. hirsutus fue la unica especies en la
cual el parasitoido pudiera completar su desarrollo. Por eso, la introduccion de A. kamali en
el Caribe no deberia afectar la biodiversidad locale.

Since its accidental introduction into the island inexorably spreading through the Caribbean and
of Grenada in 1994, Maconellicoccus hirsutus is now present on 18 Islands (International Insti-
Green (Homoptera: Pseudococcidae), commonly tute of Entomology 1997). M. hirsutus has high
named the hibiscus or pink mealybug, has been reproductive potential (384-540 eggs laid per fe-
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male (Mani 1989)) and injects its saliva at the
point of feeding, causing severe distortion of
leaves, new shoots and fruit (Williams 1996). Be-
cause of its wide host range (ca. 125 host species
(Malviaceae, etc.), Mani 1989) and its rapid geo-
graphic expansion on agricultural land, home
gardens and forest areas, biological control ap-
pears to be the best strategy to reduce M. hirsutus
populations.

The solitary endoparasitoid Anagyrus kamali
Moursi (Hymenoptera: Encyrtidae) was imported
from China by CABI Bioscience, for biological con-
trol of M. hirsutus in the Caribbean (Sagarra & Pe-
terkin 2000). The preferred host of A. kamali is
M. hirsutus (Moursi 1948), but it was also reported
utilizing five other mealybug species in Jordan and
India (Noyes & Hayat 1994), including Nipaecoc-
cus viridis (Newstead) (Meyerdirk et al. 1988), and
Ferisia virgata (Cockerell) (Cross & Noyes 1996).
These mealybug species were found to be parasit-
ized by other Anagyrus species that were subse-
quently considered as synonymous to A. kamali.
However their suitability for the development of
A. kamali has not been formally determined.

It is important to ensure that introduction of a
newly introduced natural enemy will minimally
disrupt local mealybug biodiversity. On the other
hand, the impact of an insect parasitoid on target
pest populations may be enhanced by the avail-
ability of alternative hosts in or around the crop
especially in periods of host shortage (Powell
1986). It has been suggested that alternative
hosts can help to improve synchrony between par-
asitoids and their pest hosts, improve parasitoid
distribution and reduce intraspecific competition
in the parasitoid population (van den Bosch &
Telford 1964).

An understanding of host/parasitoid interac-
tions is essential to determine if other co-existing
mealybug species could be used by A. kamali as
alternative hosts. Our objective was to determine
the susceptibility, preference, and suitability of
eight common mealybug species in Trinidad (i.e.,
Planococcus citri (Risso), Planococcus halli Ezzat
& McConnel, Dysmicoccus brevipes (Cockerell),
Pseudococcus elisae Borchsenius, Saccharococcus
sacchari (Cockerell), Puto barberii (Cockerell),
Nipaecoccus nipae (Newstead), Plotococcus neo-
tropicus (Williams & Granara de Willink) and
M. hirsutus to parasitization by A. kamali. The
latter mealybug species are pantropical and have
been present in Trinidad for more than a hundred
year (Records from CABI insect collection).

MATERIALS AND METHODS

Rearing of M. hirsutus

Mealybugs were reared on sprouted potatoes
in nylon mesh cages (32 potatoes per cage) sup-
ported on steel wire frames (48 x 48 x 68cm). The
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cultures were maintained in the dark at 27 + 2°C.
Each week, 64 potatoes were individually in-
fested with 20 adult female mealybugs having
well-formed ovisacs. Weekly infestations ensured
a continuous supply of different M. hirsutus
nymphal instars. Three weeks after infestation,
sprouted potatoes had M. hirsutus populations
that consisted predominantly of second and third
instar mealybugs. Adult females with ovisacs
were available after 4-6 weeks. Size was used to
distinguish M. hirsutus stages (Ghose 1971).

Rearing of Other Mealybug Species

Planococcus citri, P. halli, Dysmicoccus brevi-
pes, and Pseudococcus elisae were reared on
sprouted potatoes in plastic boxes with a mesh
cover (6 potatoes per box). The potato sprouts
were individually infested with 20 adult female
mealybugs of each species. Saccharococcus sac-
chari were reared on young sugar cane seedlings
individually infested with 5 adults. Puto barberi
were reared on young Bougainvillea seedlings
individually infested with 30 adult mealybugs.
Nipaecoccus nipae were reared on young coconut
trees, and leaves were individually infested with
30 adults. Plotococcus neotropicus were reared on
young Guava seedlings individually infested with
30 adult mealybugs. Four weeks after initial in-
festation, third instars and young adults of each
species were collected and used for the experi-
ments. Mealybug identification was confirmed by
dJ. Etienne from INRA, Guadeloupe, and D. Matile-
Ferrero, Musée d’'Histoire Naturelle in Paris,
France.

Rearing of A. kamali

Each week, 100 A. kamali adult females were
released into two cages each containing 32 in-
fested sprouted potatoes supporting three-week
old populations of M. hirsutus (after Sagarra and
Vincent, 1999). Colonies were maintained at 27 +
2°C, 60 + 10% RH, under a photoperiod of LD
12:12. Light was provided by two fluorescent
lamps (70W) suspended 30cm above the cages.
Emerged parasitoids were collected after 20-25
days. Two-day old, mated females were used for
experiments. Female parasitoids were considered
as experienced because they had been exposed to
different stages of mealybugs in the rearing cages
for a maximum of 12 hours after emergence.

In all experiments with the nine mealybug
species we used third instars and early adult fe-
males (preovisac). All experiments were conducted
in the laboratory at 27 + 2°C, 60 + 10% RH.

Host Species Susceptibility (No-Choice Experiments)

Ten mealybugs from each species were col-
lected and placed in groups in separate Petri
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dishes. One female parasitoid was introduced into
each dish. The parasitoid and the mealybugs were
observed continuously for 30 min to record num-
ber of encounters, and host probing with the ovi-
positor. Twenty groups of each species were
exposed to different individual A. kamali females
in this manner. The parasitoids were removed af-
ter 30 min. All exposed mealybugs were dissected
in a drop of ethanol (70%), and the number of par-
asitoid eggs in each individual host was recorded.

The number of encounters, ovipositor probing,
hosts parasitized by each A. kamali female, the
total number of eggs laid per parasitoid female,
and the number of parasitoid eggs per accepted
host were used as the criteria for determining
host species susceptibility. Paired Chi-square
frequency analysis was used to determine if the
number of encounters, ovipositor probing, hosts
parasitized by each A. kamali female, total num-
ber of eggs laid per parasitoid female, and num-
ber of parasitoid eggs per accepted host was
dependent on the mealybug species at p = 0.05
(Systat 7.0 for Windows 95).

Host Species Preference (Two-Choice Experiments)

In two-choice experiments, five M. hirsutus
were placed in a Petri dish with five specimens of
one of the eight other mealybugs species, and a
single female parasitoid was introduced into each
experimental arena. The parasitoid and mealy-
bugs were observed continuously for 30 min to
record the number of encounters, and probing
with the ovipositor for each mealybug species.
The parasitoid was then removed. We dissected
each host in a drop of ethanol (70%), and the num-
ber of eggs in each host was recorded for each spe-
cies. Twenty batches of each of the eight host
combinations were exposed to individual A. ka-
mali females in this manner.

The number of encounters, probing, hosts par-
asitized per parasitoid, the total number of para-
sitoid eggs laid per replicate, and the number of
parasitoid eggs per accepted host were used as
the criteria for determining preference between
M. hirsutus and the other host species. Paired
Chi-square frequency analysis was done to deter-
mine if the number of encounters, ovipositor prob-
ing, hosts parasitized by each A. kamali female,
total number of eggs laid per parasitoid female,
and number of parasitoid eggs per accepted host
was dependent on the mealybug species at p =
0.05 (Systat 7.0 for Windows 95).

Host Species Suitability

Thirty individuals of each mealybug species
were transferred onto sprouted potatoes and
placed in a cage made of a transparent plastic cyl-
inder (20 x 12 cm diameter) with the top covered
with nylon mesh. Three adult female parasitoids
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were introduced into the cage for a period of 24h.
The mealybugs were observed on a daily basis to
record parasitoid emergence. Parasitoid progeny
was collected, sexed and the size (i.e., fitness) of
emerged parasitoids was estimated by measuring
the length of the left hind tibia (Ghose 1971). The
total body length (base of head to tip of abdomen)
and the length of the hind tibia were measured
for 35 adult A. kamali and fitted to a linear re-
gression model (Systat 7.0 for Windows 95). The
coefficient of determination (1*) indicated that
84.2% of the variation in the body length of the
wasps can be explained by the length of the hind
tibia of the parasitoid in a linear relationship,
therefore providing an accurate and rapid means
of assessing of the overall size of the parasitoid.
The host suitability experiment was replicated
five times for each mealybug species. The criteria
used to determine host suitability were the num-
ber of emerged parasitoids per replicate, the sec-
ondary sex ratio (number of males divided by
total progeny number, as suggested by Godfray
1994; Van Alphen & Jervis 1996), the develop-
ment time and the size of the parasitoids.

RESULTS
Host Species Susceptibility (No-Choice Experiment)

In no-choice experiments, A. kamali’s encoun-
ter rate, ovipositor probing, number of hosts par-
asitized, and number of eggs oviposited was
significantly higher on M. hirsutus, compared to
the other mealybug species (Table 1). Among the
eight other mealybug species, the parasitoid’s en-
counter rate for P. citri, P. halli, and P. elisae were
significantly (P < 0.05) higher than for D. brevi-
pes, N. nipe, P. barberi, P. neotropicus, and S. sac-
chari. The latter species did not induce searching
responses by A. kamali females, which remained
on the Petri dish cover during most of the 30 min.
One species, P. barberi, defended itself against
parasitoid encounter by violent torsions of its ab-
domen. The number of ovipositor probings of mea-
lybugs was not significantly different (P < 0.05)
among the eight tested hosts. Probing of
M. hirsutus was significantly (P < 0.05) greater
than for the other mealybug species. D. brevipes,
N. nipe, P. barberi, P. neotropicus, and S. sacchari
were not probed, whereas few individuals of
P. citri, P. halli, and P. elisae were probed.

Planococcus citri, and P. halli were the only
species, other than M. hirsutus, that were para-
sitized by A. kamali, but at a significantly (P <
0.05) lower level than M. hirsutus (Table 1).

In all three attacked species, superparasitism
occurred, the number of eggs oviposited being
greater than the number of hosts parasitized.
Signs of egg encapsulation were observed in these
three species.
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TABLE 1. ENCOUNTER, PROBING AND OVIPOSITION OF A. KAMALI ON NINE SPECIES OF PSEUDOCOCCIDAE (NO-CHOICE
TEST). FOR EACH SPECIES, TEN INDIVIDUALS WERE EXPOSED TO ONE FEMALE PARASITOID FOR 30 MIN (N = 20).

Average (xSD)
HMB species Hosts encountered Ovipositor probing Hosts parasitized Eggs oviposited
Maconellicoccus hirsutus 23.9 + 12.45 a* 13.4+ 11.05 a* 4.5+ 2.04 a* 6.4 + 3.65 a*
Planococcus citri 10.7+6.20Db 3.3+£355b 1.1+1.23b 1.2+1.47b
Planococcus halli 81+599b 1.3+2.49b 0.8+ 1.41bc 1.0+£191b
Dysmicoccus brevipes 0.5+0.83¢c 0.0b 0.0c 0.0b
Pseudococcus elisae 7.7+593Db 04+1.05b 0.0c 0.0b
Saccharococcus sacchari 02+049¢ 0.0b 0.0c 0.0b
Puto barberi 20+191¢c 0.0b 0.0c 0.0b
Nipaecoccus nipe 02+041c¢ 0.0b 00c 0.0b
Plotococcus neotropicus 1.8+ 1.07c 0.0b 00c 0.0b

*Within columns, pairs of means followed by the same letters are not significantly different (Chi-square test, P < 0.05).

Host Species Preference (Two-Choice Experiments)

In choice experiments, M. hirsutus was signifi-
cantly preferred to all other mealybug species in
terms of encounter rate, ovipositor probing, num-
ber of hosts parasitized, and number of eggs ovi-
posited. Dysmicoccus brevipes, N. nipe, P. barbert,
P. elisae, P. neotropicus, and S. sacchari were not
utilized by female parasitoids, and were not para-
sitized when exposed to A. kamali simultaneously
with M. hirsutus. Low numbers of P. citri, and P.
halli were parasitized (0.3 £ 0.39, and 0.1 £ 0.21
hosts parasitized respectively) when compared to
M. hirsutus (3.9 = 0.95 hosts parasitized) in the 30
min assay. This level of parasitism in P. citri, and
P. halli was not significantly different (P = 0.05)
from the other six mealybug species tested.

Host Species Suitability

Of the nine mealybug species tested, successful
development of parasitoid progeny occurred only
in parasitized M. hirsutus, with an average prog-
eny emergence of 14 + 1.6 individuals out of the 30
hosts exposed to the three female parasitoids. The
average progeny sex-ratio was 0.49+ 0.107.

DIscUSSION

Of the eight tested mealybug species, D. brevi-
pes, N. nipe, and S. sacchari did not induce
searching behavior by A. kamali. Puto barberi,
and P. neotropicus induced searching behavior by
A. kamali, but host rejection occurred after an-
tennation, prior to ovipositor probing. Pseudococ-
cus elisae was rejected after being probed with the
ovipositor. Planococcus citri and P. halli were rec-
ognized by A. kamali as potential hosts and para-
sitized, but these two host species were not suitable
for parasitoid progeny development. M. hirsutus
was the most suitable host, allowing the complete

development of A. kamali. The parasitoid discrim-
inated among different host species and selected
the most suitable host for the development and
survival of its progeny.

A. kamali has been recorded as a parasitoid of
M. hirsutus (Moursi 1948), but also on several
Pseudococcidae host species like Pseudococcus sp.
on Citrus limonium (Agarwal 1965) and cocoa
(Shafee et al. 1975), Ferrisia virgata (Cockerell)
and Ferrisia spp. on an avenue tree (Subba Rao &
Rai 1970), and Nipaecoccus viridis (Newstead) on
Citrus (Meyerdirk et al. 1988). A. kamali has also
been recorded from Nipaecoccus spp. on Acacia
sp. (Shafee et al. 1975). Except for Ferrisia vir-
gata, none of these mealybug species are present
in Trinidad. In addition no emergence of the par-
asitoid from this host was obtained in laboratory
experiments (M. Hoy 1999, pers. comm.). The
members of the genera Pseudococcus and Nipae-
coccus reported from Trinidad (i.e., Nipaecoccus
nipe and Pseudococcus elisae) were not suscepti-
ble to parasitization by A. kamali.

The absence of alternative hosts for A. kamali
development in Trinidad might reduce the effi-
ciency of the parasitoid as a biological control
agent since other alternative host species will not
be available for A. kamali when M. hirsutus is at
low densities. However, this is an advantage from
a point of view of preservation of native mealybug
biodiversity, as the introduction of this new natu-
ral enemy should not disturb indigenous species
because A. kamali is relatively specific to the
HMB pest, and therefore not competing with in-
digenous species of natural enemies.

From a mass production perspective, it was ob-
served that contamination of M. hirsutus cultures
with Planococcus sp. led to a decrease of the par-
asitoid progeny emergence (L. Sagarra, unpub-
lished data). This can be explained by the fact
that parasitoid eggs allocated to Planococcus will
not develop into adults. Parasitization of P. citri
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and P. halli by A. kamali will require keeping the
M. hirsutus cultures for A. kamali mass-produc-
tion free from these two other mealybug species.
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