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Session 3: Recent Successes of Classical Biological Control: An Impact Analysis

BIOLOGICAL CONTROL OF THE CITRUS LEAFMINER IN ISRAEL:
SUCCESSES AND FAILURES IN THE ESTABLISHMENT OF THE

INTRODUCED PARASITOIDS

Yael ARGOV

Israel Cohen Institute for Biological Control
Plant Production and Marketing Board, Citrus Division

P.O. Box 54
Bet Dagan, 50250, Israel

yael@jaffa.co.il

The citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae: Phyllocnistinae)
(CLM), invaded Israel in 1994, as part of a worldwide expansion of the pest from its origin in
Southeast Asia. Between 1994 and 1998 we imported eight parasitoids from Thailand, Tai-
wan, China, Australia and South America. They included the endoparasitoid Ageniaspis citricola
Logvinovskaya (Hymenoptera: Encyrtidae) (two strains, one from Thailand, the other from
Taiwan), which oviposits in the pest’s eggs and first instar larvae. Also 7 Hymenoptera:
Eulophidae parasitoids; the larval ectoparsitoids Citrostichus phyllocnistoides (Narayanan),
Quadrastichus sp., Semielacher petiolatus (Girault), the endoparasitoid Teleopterus sp., the
pupal ectoparasitoids Cirrospilus ingenuus Gahan, Galeopsomyia fausta LaSalle and the
endoparasitoid Zaommomentedon brevipetiolatus Kamijo. All were reared in the laboratory
and released in citrus groves. Three parasitoids became established. The most common para-
sitoid during 1997–98 was C. phyllocnistoides, followed by S. petiolatus and C. ingenuus.
Ageniaspis citricola, Qaudrastichus sp and Z. brevipetiolatus were released over a period of 4
years, with no evidence of establishment. Teleopterus sp. and G. fausta were released between
1998 and 2000; only the first was ever recovered, but without evidence of establishment. Sev-
eral factors appear to have affected the successful establishment of the introduced parasitoids.
These included (1) The climate in the parasitoids’ country of origin - Citrostichus
phyllocnistoides and S. petiolatus, which are abundant in China and Australia, respectively,
became established. Cirrospilus ingenuus, which is abundant in Asia, does not require high
relative humidity, likewise became established. However, parasitoids that are important in
tropical regions and were imported from Thailand and South America, failed to establish
despite continuous releases since 1994. The sensitivity of A. citricola to low relative humidi-
ties could be the cause for its failure to establish in Israel, and the low tolerance of Quadrastichus
sp. to low temperatures had the same effect. (2) Competition between species - In addition to
its sensitivity to low temperatures, Quadrastichus sp. might also have failed to establish due
to being outcompeted by S. petiolatus. The advantages of the latter are that it attacks a wider
range of the host stages, it oviposits female eggs in smaller hosts and that it has a higher
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oviposition rate. (3) Facultative hyperparasitism - Quadrastichus sp. and C. ingenuus are known
to be facultative hyperparasitoids, although there is no evidence that this phenomenon pre-
vented the establishment of other parasitoids. (4) Methods and number of release sites - Re-
leases in various climatic areas and during different seasons might have influenced the chances
of successful establishment. Releasing parasitoid pupae within host-infested seedlings could
improve the chances of success more than the release of adults. Is the number of released
parasitoid individuals an important criterion for successful establishment in a new habitat, or
are the number of releases, their timing, and the number of release sites of greater signifi-
cance? These factors, based on the species’ ecological and biological characteristics, which
relate to our methods of rearing and releasing parasitoids, will be discussed.

Session 3: Recent Successes of Classical Biological Control: An Impact Analysis

CLASSICAL BIOLOGICAL CONTROL OF THE ALEYRODIDAE
(HETEROPTERA): AN ANALYSIS OF ECONOMIC AND

SOCIAL IMPACT

Tom BELLOWS

Department of Entomology, University of California
Riverside, CA 92521, U.S.A.

Numbered among the Aleyrodidae (Heteroptera) are some of the most destructive pests
known, both in agriculture and in urban settings.  In addition to destructive traits, members
of the Aleyrodidae are among the most commonly moved pests on the globe, and invade new
areas with relative ease. Classical biological control has been attempted against several of
aleyrodid species. In this paper, the economic damage and impact on society of several species
is reviewed, and where possible the cost or other quantification of the impact of such pests is
calculated. In two recent cases of successful biological control against two different whitefly
species, information on the actual cost of the biological control effort is also available.  Thus,
in these two cases we have quantified information on (1) the cost of the damage caused by
each pest both before and (2) after the introduction of natural enemies, together with (3) the
cost of the biological control program itself. In these two case studies, then, we are armed
with a critical, three-pronged approach to assessing the value of a classical biological control
program. The analyses presented in this paper include first an assessment of the immediate
economic impact of the invasion of each pest and the subsequent impact on society, and then
an evaluation of the cost of the biological control program. Having this quantitative informa-
tion, a marginal rate analysis leads to an economic assessment of the cost-to-benefit ratio of
the biological control program itself. The lessons learned appear to apply broadly to classical
biological control, and demonstrate that classical biological control is of significant value to
society, even when such quantitative assessment information is not available.

____________________________________________________________________________  Bellows
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ESTABLISHMENT IN NEW ZEALAND OF PSEUDAPHYCUS
MACULIPENNIS (HYMENOPTERA: ENCYRTIDAE), AND ITS

IMPACT ON OBSCURE MEALYBUG, PSEUDOCOCCUS VIBURNI
(HEMIPTERA: PSEUDOCOCCIDAE)

John CHARLES1, Doug ALLAN1, Dave ROGERS2, and Peter SHAW3

HortResearch:

1Private Bag 92 169, Auckland, New Zealand
jcharles@hortresearch.co.nz

2Private Bag 1401, Havelock North, New Zealand
drogers@hortresearch.co.nz

3PO Box 220
Motueka, New Zealand

pshaw@hortresearch.co.nz

Pseudaphycus maculipennis is one of the few known encyrtid parasitoids of Pseudococcus
viburni. It was imported into quarantine in New Zealand in December 1997, before new
environmental legislation (the Hazardous Substances and New Organisms Act) was imple-
mented. After host testing in quarantine, application for approval to release was made to the
Environmental Risk Management Authority in April 1999. Approval to release was given on
9 August 2000, after extensive consultation, provision of further technical information, and a
public hearing. The first P. maculipennis were released in February 2001. By 2004, approxi-
mately 765,000 parasitoids had been released to nearly 50 pipfruit orchards in Hawke’s Bay,
Nelson/Motueka and Auckland, and to the Wellington Botanic Gardens. Using ‘trap’ mealy-
bugs around the release orchards, P. maculipennis was recovered from up to 85% of the prop-
erties after 3 years and had dispersed at least locally at a rate of about 200 m/year. It is con-
cluded that the species has established in New Zealand. Preliminary studies of the impact of
the parasitoid on P. viburni populations in pipfruit orchards are described.
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BIOLOGICAL CONTROL OF THE PINK HIBISCUS MEALYBUG IN
BAHIA DE BANDERAS, NAYARIT, MEXICO

Félix GARCÍA-VALENTE1, Héctor GONZÁLEZ-HERNÁNDEZ2,
Luis VALENCIA-LUNA1, Jaime VILLA-CASTILLO3,

Hugo ESCOBEDO-MONTAÑO1, Hugo C. ARREDONDO-BERNAL4,
Maricarmen SÁNCHEZ-BORJA1, María del C. ALTAMIRANO-HERRERA1,

and Talina SANTIAGO-ISLAS1

1Comité Estatal de Sanidad Vegetal de Nayarit

2Colegio de Postgraduados, 3Comisión Nacional Forestal-SEMARNAT

4Dirección General de Sanidad Vegetal-SENASICA-SAGARPA
hgzzhdz@colpos.mx

A combination of classical and augmentative biological control program was established in
the valley of Bahia de Banderas, Nayarit, Mexico, to control the recent invasive pest the Pink
Hibiscus Mealybug (PHM) Maconellicoccus hirsutus (Green) (Hemiptera: Pseudococcidae)
through the introduction of three biological control agents, predator Cryptolaemus
montrouzieri Mulsant (Coleoptera: Coccinellidae), and parasitoids Anagyrus kamali Moursi
and Gyranusoidea indica Shafee, Alam & Agarwal (Hymenoptera: Encyrtidae). PHM was
detected in Bahia de Banderas in February 2004. Afterwords an Integrated Pest Management
program was implemented by the Federal Government to contain the spread and develop-
ment of this pest into commercial agriculture, urban and forest areas, including physical, cul-
tural, chemical, legal and biological control. C. montrouzieri were introduced from Canada
and California, USA commercial insectaries, while parasitic wasps were obtained from Belize
and Puerto Rico as a cooperative program sponsored by a Central America agency OIRSA.
The effectiveness of C. montrouzieri to control PHM and the establishment of A. kamali on
teak were evaluated. Although, currently a total of 672,900 predators and 155,925 A. kamali
have been released over an area of 250 hectares on this valley, this evaluation was carried out
only on three commercial plantations: guava, soursop and teak. On the guava plantation (2
hectares) 2,500 and 9,500 predators were released on June and July 2004, respectively. On the
soursop plantation (5 hectares) 4,500 and 5,000 predators were released on June and July
2004, respectively; while on the teak plantation (2 hectares) 4,000 and 1,000 predators were
released on August and September 2004, respectively. No individuals of A. kamali were re-
leased at the teak plantation. Samples were taken in weekly bases from 50 trees on each plan-
tation.

_________________________________________________________________  García-Valente et al.



Second International Symposium on Biological Control of Arthropods Poster Presentations

8

Guava. On this crop the starting PHM density recorded was 27.9 individuals/ vegetative
shoot, then on August, 77 days after the first predator release the PHM density decrease
drastically where the predator population density reach its maximum activity 4.3 individuals/
vegetative shoot, this resulted in a maximum decrease of 99% on the PHM density.

Soursop. On this plantation PHM density before predator release was 29.2 individuals/ veg-
etative shoot. Seventeen days after predator release PHM density decrease rapidly in a 78%.
The maximum reduction on PHM density was 3.6 individuals/ shoot meaning an 87.6%, at
this point there were 0.16 predators/ shoot.

Teak. On this plantation PHM presented the highest population densities with 119.5 indi-
viduals/ shoot. As a result of the predator activity, PHM start to decrease, up to 88.9% (13.3
individuals/ shoot) 48 days after predator first release, at this time predator density was 3.4
individuals/ shoot. The maximum reduction on PHM density 96.4% was detected 69 days
after predator first release with a predator density of 0.14 individuals/ shoot. On this crop it
was possible to detect A. kamali establishment, nevertheless this parasitic wasp was not re-
leased on this plantation but around 1 mile away on other commercial orchards and released
six months before on the valley. At this time a density of 1.8 mummies/ shoot and 4.88 PHM/
shoot were detected.

Session 3: Recent Successes of Classical Biological Control: An Impact Analysis

ESTABLISHMENT OF APROSTOCETUS VAQUITARUM AND
QUADRASTICHUS HAITIENSIS (HYMENOPTERA: EULOPHIDAE)

IN THE U.S.A. AS MORTALITY FACTORS OF THE DIAPREPES
ROOT WEEVIL (COLEOPTERA: CURCULIONIDAE)

Jorge E. PEÑA1, C. W. McCOY1, R. DUNCAN1, and D. HALL2

1University of Florida-IFAS Tropical REC,
Homestead, FL 33031

and
CREC,

Lake Alfred, FL., USA;

2USDA, Fort Pierce, FL., USA.

The weevil, Diaprepes abbreviatus L. (Coleoptera: Curculionidae) invaded Florida during
the 70’s becoming one of the most important agricultural pests of the state. Classical biologi-
cal control efforts were initiated but were not successful. During 1997 a new biocontrol pro-
gram was initiated.  Thirteen species of egg parasitoids were introduced and tested under
quarantine conditions. Among these parasitoids, the egg parasitoids Aprostocetus vaquitarum
(Wolcott) and Quadrastichus haitiensis Gahan (Hymenoptera: Eulophidae) were introduced

Peña et al. __________________________________________________________________________
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from the Caribbean Region between 1999 and 2000. Both parasitoid species were released in
different areas of Florida and their recovery assessed during 3 years. Both parasitoids have
become established in the southern portion of the Florida peninsula [tropical climate, winter
temperatures not lower than 18°C, constant host densities), but have failed to establish in
areas with sporadic host densities and winter temperatures lower than 15°C.  In the area
where the ectoparasitoid, A. vaquitarum is established, it appears to be more prevalent than
Q. haitiensis causing 60-100% mortality to Diaprepes abbreviatus eggs. Parasitoid dispersion
has been observed within a 4-mile ratio from the nearest dispersion site with host mortality
levels between 70-90%. It is not known if the parasitoid would be able to colonize areas of
the state north of the southern tip of the peninsula.

Session 3: Recent Successes of Classical Biological Control: An Impact Analysis

BIOLOGICAL CONTROL OF THE REDGUM LERP PSYLLID
IN MEXICO

Guillermo SANCHEZ-MARTÍNEZ1, Gloria IÑIGUEZ-HERRERA2,
Ernesto GONZALEZ-GAONA1, Armando EQUIHUA-MARTÍNEZ3,

and Jaime VILLA-CASTILLO4

1Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias, Km. 32.5
Carr. Aguascalientes-Zacatecas

Pabellón de Arteaga, Ags. 20660, México
sanchezm.guillermo@inifap.gob.mx, gonzalez.ernesto@inifap.gob.mx

2FIPRODEFO, Bruselas No. 626, Col. Moderna, 44190 Guadalajara, Jal. México
fitosanidad@prodefo.org.mx

3Colegio de Postgraduados, Carr. México-Texcoco, Km. 35.5. 56230
Montecillo,Texcoco, Edo de México, México

equihuaa@colpos.mx

4Comisión Nacional Forestal, Carr. a Nogales Esq. Periférico Poniente,
Edificio C, Col. San Juan de Ocotán,

Zapopan, Jal. 45010, México,
jvilla@conafor.gob.mx

Since the beginning of the 20th century, Eucalyptus camaldulensis Den. (Myrtales: Myrtaceae)
and a few other Eucalyptus species have been widely planted in Mexico. For a long time E.
camaldulensis was a pest free tree. However, in year 2000 the redgum lerp psyllid (Glycaspis
brimblecombei Moore) (Homoptera: Spondyliaspididae) was detected. In 2001, this psyllid
became a nationwide problem. On January of 2002, a quarantine program was implemented
on 21 states, and sanitary actions were mandated by law.

_______________________________________________________________  Sanchez-Martínez et al.
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Two main approaches were taken for direct control of the red gum lerp psyllid:

 1) Biological control with local natural enemies.  Several predator insects were evalu-
ated: Harmonia axyridis Pallas, Olla v-nigrum Mulsant (Coleoptera: Coccinellidae)
Geocoris punctipes Say  (Hemiptera: Lygaeidae) and Chrysoperla spp. (Neuroptera:
Chrysopidae), were tested in Guadalajara, Jalisco and Pabellon de Arteaga, Aguascalientes.
Additionally, the control effect of the ant Anoplolepis longipes (Jerd.) (Hymenoptera:
Formicidae) was evaluated in Guadalajara. Only A. longipes appeared to exert some
control. For the other species, results were equivocal.

2) Classical biological control. This strategy was started by a forestry agency in Guadalajara
(FIPRODEFO), in collaboration with D. L. Dahlsten (University of California) and
the National Secretariat of Environment and Natural Resources. The parasitoid
Psyllaephagus bliteus Riek (Hymenoptera: Encyrtidae) was brought from California
(USA) (previously imported from Australia) to Guadalajara in May of 2001. At that
time, 75 couples were released on a recreational park. The parasitoid was reared at
FIPRODEFO facilities and released at the same park in October of 2001, and later on
nearby areas.  Insect dispersion was monitored with yellow sticky traps. Parasitoid catches
were difficult to observe at first. However, from May to July of 2002, a high percentage
of parasitism by P. bliteus was found on tree foliage by personnel of the National Re-
search Institute on Forestry, Agriculture and Livestock (INIFAP), at 32 locations, ca.
250 km apart from the original release point. The parasitoid was also collected at other
locations more than 500 km apart from the original release point. Because of the high
parasitism observed at very distant points, soon after the first releases, the senior author
hypothesized that P. bliteus could have entered into Mexico together with the psyllid,
or spread down from early releases in California (USA). However, regardless of the
origin, this parasitoid is now well established in Mexico. A regional survey made by
INIFAP during 2004, reports P. bliteus in nearly all places where the psyllid is present.
Infestation levels were very low in 2004 in comparison with 2002. As by October of
2004, the psyllid was completely absent in two formerly infested coastal states and par-
tially absent in two other states. Other factors appear to be affecting G. brimblecombei
as well; however, P. bliteus is a specific parasitoid and it has found in Mexico suitable
environments for its establishment.
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Current distribution of Glycaspis brimblecombei and Psyllaephagus bliteus within 10 estates of
Mexico. Each circle indicates the locations where insects were sampled. (INIFAP-CONAFOR-
CONACYT 2004).

Both, Glycaspis brimblecombei and Psyllaephagus bliteus present.
Glycaspis brimblecombei present and P. bliteus absent.
Glycaspis brimblecombei absent.

Both, Glycaspis brimblecombei and Psyllaephagus bliteus present.
Glycaspis brimblecombei present and P. bliteus absent.
Glycaspis brimblecombei absent.

_______________________________________________________________  Sanchez-Martínez et al.
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UPDATES ON THE BIOLOGICAL CONTROL OF THE
CALIFORNIA RED SCALE IN SICILY

Gaetano SISCARO and Lucia ZAPPALÀ

Dipartimento di Scienze e Tecnologie Fitosanitarie – Sezione Entomologia agraria
University of Catania, Via Santa Sofia

100 – 95123 Catania, Italy

gsiscaro@unict.it
lzappala@unict.it

The California Red Scale [Aonidiella aurantii (Maskell) (Homoptera: Diaspididae)] is consid-
ered to be one of the most injurious pests to citrus groves in the Mediterranean basin. Con-
tinuous investigations on the population dynamics of the scale as well as on its main mortality
factors have been carried out.

The natural enemies complex is constituted by the parasitoids Aphytis spp. and Encarsia
perniciosi (Tower) (Hymenoptera: Aphelinidae) and by the predators Chilocorus bipustulatus
(L.), Rhyzobius lophantae Blaisdell (Coleoptera: Coccinellidae), Cybocephalus rufifrons Retter
(Coleoptera: Cybocephalidae) and Lestodiplosis aonidiellae Harris (Diptera: Cecidomyiidae).
The following species of Aphytis are recorded in Sicily: chilensis Howard, chrysomphali
(Mercet), lignanensis Compere, maculicornis (Masi), melinus DeBach and proclia (Walker).
After the introduction of A. melinus in Sicily during the 60’s, this parasitoid and A. chrysomphali
were the predominant species in Sicilian citrus groves, but following studies have shown the
substitution of A. chrysomphali with A. melinus, which was proven to be well adapted and
spread out in the main citrus growing areas in Southern Italy. In 1988-90 the parasitoid
Comperiella bifasciata Howard (Hymenoptera: Encyrtidae) was introduced and since then it
has been only occasionally recovered. The results of a field survey on the presence and diffu-
sion of A. chrysomphali and C. bifasciata in Sicily are presented.

Aphytis chrysomphali. The observations were conducted on orange (cv. “Tarocco”, “Valencia
Late” and “Washington Navel”) and lemon (cv. “Femminello”) in Eastern Sicily during 2003.
Infested fruits, leaves and twigs of each variety were monthly collected and 500 specimens of
California Red Scale per sample were observed and the Aphytis spp. pupae found were iden-
tified. The data collected showed that in the investigated areas, the species A. melinus and A.
chrysomphali were present; the first one was predominant while the second species was occa-
sionally recovered on colonies of California Red Scale infesting lemon trees. Furthermore,
the two species showed a seasonal alternation: A. chrysomphali was found especially during
wintertime, while A. melinus mainly in warmer periods.

Comperiella bifasciata. The aim of the survey, which started in 2003 and is still continuing,
was to confirm the establishment of the encyrtid and to draw a map of its diffusion, 15 years
after its first introduction. Infested fruits (20) and twigs (4 meters, 1-2 years old) were col-

Siscaro and Zappalà __________________________________________________________________
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lected monthly in 10 groves in South Eastern Sicily (Siracusa province). Half of the sample
was observed and the parasitized instars were isolated and reared until the adult parasitoids
emerged. The remaining 50% was kept into emergence boxes and the emerging parasitoids
were collected and identified. The presence of the parasitoid was also monitored using phero-
mone traps for the California Red Scale in different citrus groves. The data collected showed
that the encyrtid is well adapted and has colonized a wide area, 50km, on average, far away
from the first introduction site. The survey will be continued and expanded in the next years
in order to acquire quantitative data on the parasitic activity of the encyrtid.

Session 3: Recent Successes of Classical Biological Control: An Impact Analysis

RELEASES, RECOVERY, AND DISSEMINATION IN
NORTH AMERICA OF LATHROLESTES ENSATOR,

A BRACONID ENDOPARASITOID OF THE APPLE SAWFLY,
HOPLOCAMPA TESTUDINEA

Charles VINCENT1, Alan EATON2, Margaret APPLEBY3, and Ulrich
KUHLMANN4

1Horticultural Research and Development Centre, Agriculture and Agri-Food Canada
430 Gouin Blvd.

Saint-Jean-sur-Richelieu, QC J3B 3E6, Canada
vincentch@agr.gc.ca;

2Entomology Department, Nesmith Hall
252 Spauld 38 College Rd., University of New Hampshire

Durham, NH 03824, U.S.A.
alan.eaton@unh.edu;

3Ministry of Agriculture and Food
R.R. #3, 95 Dundas Street

Brighton, Ont. K0K 1H0, Canada
margaret.appleby@omaf.gov.on.ca

4CABI Bioscience Centre Switzerland, 1, Rue des Grillons
2800 Delémont, Switzerland

u.kuhlmann@cabi.org

Introduced accidentally in New York State in 1939, the apple sawfly, Hoplocampa testudinea
Klug (Hymenoptera: Tenthrdinidae), gradually invaded apple orchards of Northeastern North
America. Native from Europe Lathrolestes ensator Brauns is a braconid endoparasitoid that
has only one host: the apple sawfly. As the apple sawfly has one host plant, the apple tree, and
as no soft methods or natural enemies were known in North America, the apple sawfly was a

________________________________________________________________________  Vincent et al.
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prime target for a biological control program, although presently no rearing methods are
known. Collected in various localities in Western Europe, L. ensator has been shipped as
parasitized cocoons to be released annually, after a quarantine check, in an insecticide-free
apple orchard at Frelighsburgh, Qc, Canada, from 1995 to 1999. Collections in 1999 demon-
strated that L. ensator had successfully established in North America. Further collections in
2000 demonstrated that the braconid parasite had extended his local distribution. In 2002
parasitized cocoons were collected in Frelighsburgh and released in a non-treated orchard of
New Hampshire. In 2003 and 2004 parasitised cocoons were collected and released in two
organic orchards in Quebec, one non-treated orchard in Ontario and one non-treated or-
chard of New Hampshire. Dissection of cocoons determined that parasitism rates in
Frelighsburgh were variable, and as high as 69.7%. At such rates, apple sawfly populations
would be under control.  Recovery studies are planned for May 2006.

Session 4: Cultural Manipulations to Enhance Biological Control

ATTRACTIVENESS OF FLOWERING PLANTS TO
APHIDOPHAGOUS HOVERFLIES: SUITABILITY AS INSECTARY

PLANTS TO ENHANCE BIOLOGICAL CONTROL

Oscar ALOMAR and Miguel Louis MALDONADO

Departament de Protecció Vegetal, IRTA - Centre de Cabrils
E-08348 Cabrils (Barcelona) Spain

oscar.alomar@irta.es

Insectary plants are increasingly being used in Conservation Biological Control to enhance
predators in crops. In this study, relative attractiveness of twenty four plant species to
aphidophagous hoverflies has been evaluated in an experimental field. Plant species were se-
lected according to published results of previously examined plants and flowering time. At-
tractiveness was assessed by conducting timed observations of visit frequencies and also re-
cording the observed behaviour in each plot. Plants were also inspected for aphids and syr-
phid larvae.

Alomar and Maldonado _______________________________________________________________




