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Importancia dela Horticultura M exicanay su Componente Fitosanitario:
El Caso delasMoscasdela Fruta

Javier Trujillo Arriaga

Director General de Sanidad Vegetal. SENASICA-SAGARPA. Av. Guillermo Pérez VaenzuelaNo. 127
Coloniadel Carmen Coyoacan, C. P. 04100 México, D. F.

El trabajo realizado en e control oficial de plagas agricolas en México, a lo largo de méas de 100
anos, se ha transformado y adecuado a los tiempos y exigencias de cada etapa de la vida nacional,
de acuerdo a lo establecido en las legislaciones fitosanitarias de 1924, 1940, 1970, 1994 y las
recientes modificaciones durante 2007 a la Ley Federal de Sanidad Vegetal. Esta Ley mandata a la
autoridad federal la funcion de regulacion oficial, para salvaguardar la sanidad vegetal de México,
bien publico que ninguna otra instancia diferente a la federal, podria resguardar.

Uno de los pilares dentro de la economia nacional es la produccion agricola, por gemplo cada afio
se cultivan alrededor de 1.7 millones de ha de hortalizas y frutales; donde se producen 12 millones
de ton con un valor comercial de 4,500 millones de ddlares, por tal motivo la proteccion de la
sanidad vegetal es un factor decisivo en la comercializacion tanto nacional como internacional. En
este sentido, las acciones fitosanitarias que realiza la Direccion General de Sanidad Vegetal facilitan
la comercializacion de productos vegetales. Cabe sefidlar que e sector horticola de México es €l
més dinamico en términos de su crecimiento, en la generacion de empleos y divisas. Aporta en total
23.3 por ciento del valor de la produccion del sector agricola.

Entre las actividades que se realizan en esta Direccion General estén la vigilancia del cumplimiento
de los niveles adecuados de proteccion fitosanitaria, ya que de lo contrario las consecuencias
afectarian la produccién nacional, la calidad del producto, € cierre de mercados y la imposicion de
barreras fitosanitarias no justificadas arrojando grandes pérdidas econdémicas.

Otras de las acciones que realiza la Direccion General de Sanidad Vegetal es establecer y dirigir las
politicas en materia de prevencion, control y erradicacion de plagas que afectan a la agricultura;
asimismo, se propicia € uso apropiado y sostenible de los recursos naturales, mediante la
elaboracion e implementacion de programas y medidas fitosanitarias, tales como: la constatacion,
supervision y evaluacion de la condicion fitosanitaria de los productos agricolas, generando de esta
manera valor agregado a fin de hacerlos més competitivos en e mercado nacional e internacional.

El complgo de plagas conocidas como moscas de la fruta representa uno de los mas serios
problemas para la hortifruticultura a nivel internacional. Al respecto, el Gobierno de México tiene
una larga historia en e control de moscas de la fruta, por lo que es pionera en algunos de los
siguientes temas: a) Uso de la Técnica del Insecto Estéril en area continental para detener e avance
de lamosca del Mediterraneo en el Estado de Chiapas; b) Aplicacion del concepto de &reas libres de
moscas de la fruta; c) Establecimiento de acuerdos cooperativos para la operacion regional de
programas a gran escala para la erradicacion de la mosca del Mediterraneo; d) Construccion y
operacion de la Planta de Produccion de Moscas Estériles (del género Anastrepha) y parasitoides
més grande del mundo; €) Se cuenta con € Centro Internacional de Capacitacion sobre Moscas de
la Fruta en Metapa de Dominguez, Chiapas, auspiciado por la Agencia Internacional de Energia
Atomica.

La Campaia Nacional contra Moscas de la Fruta se integra por e Programa Mosca del
Mediterraneo (con sede en Tapachula, Chiapas); € Sistema de Trampeo Preventivo contra Moscas



Exdticas de la Frutay € Programa de Control de Moscas de la Fruta dd género Anastrepha. Estés
dos Ultimas &reas tienen como sede administrativa la Ciudad de M éxico.

Para el Gobierno de México, d Programa Moscamed y € Sistema de Trampeo contra Moscas
Exdticas de la Fruta son de primera prioridad, ya que se requiere prevenir la introduccion y
dispersion de la mosca del Mediterrdneo y otras como la mosca oriental de la fruta, mosca del
melén, entre otras especies exdticas. El Programa M oscamed tiene carécter Regional entre México,
Guatemala y Estados Unidos. Es dirigido en forma trinacional por un Grupo de Alta Direccion de
los tres paises, cuyo objetivo principal del programa regional es evitar € ingreso de la mosca del
Mediterrdneo hacia México y Estados Unidos, y avanzar gradualmente en la erradicaciéon de la
plaga en Guatemala.

El trampeo preventivo contra moscas exéticas de la fruta tiene como objetivo detectar
oportunamente cualquier incursion de estas plagas, ademés de la moscamed, a territorio nacional
para aplicar inmediatamente las medidas de erradicacion. Asimismo, demostrar la ausencia de
moscas exdticas en México que se asocian a especies horticolas, tales como: jitomate, diversos
cultivares de chiles, sandia, melon, calabacitas, pepino, papa, fresas, entre otras, nos permiten
amparar técnicamente las exportaciones de esos productos. Es de resaltar |a trascendencia que para
el caso ddl jitomate representa el trampeo preventivo, toda vez que se le vinculan por lo menos 15
especies de moscas de la fruta de los géneros Bactrocera, Ceratitis, Rhagoletisy Tririthromyia.

El Programa de Control de las Moscas Nativas de la Fruta (Anastrepha) esta dirigido a cuatro
especies de mayor importancia econémica, como la mosca mexicana de la fruta (A. ludens), la
mosca de las indias occidentales (A. obliqua), la mosca de la guayaba (A. striata) y la mosca de las
sapotaceas (A. serpentina). Su objetivo principal es megorar la competitividad de los sistemas
producto mango, guayaba, citricos dulces (naranja, mandarinay toronja), durazno y manzana, detal
manera que permitan generar valor agregado a los productos agricolas, mediante la megjora o
conservacion de estatus fitosanitarios. En este sentido, cada afio se exportan en promedio 200 mil
toneladas de mango con un valor promedio de 150 millones de dblares.

Como pais miembro signatario de la Convencion Internacional de Proteccion Fitosanitaria, México
adquiere e compromiso de adoptar las Normas Internacionales de Medidas Fitosanitarias, a efecto
de armonizar las medidas fitosanitarias y facilitar la comercializacion de los productos vegetales. Es
importante sefialar que en los Ultimos tres afios se han publicado normas internacional es especificas
para e establecimiento y reconocimiento de &reas libres y de baja prevalencia de moscas de la fruta,
lo cual reflgja laimportancia de este grupo de insectos.

Finalmente, un gemplo més de la importancia de las moscas de la fruta es precisamente ésta
Reunién Internacional del Grupo de Moscas de la Fruta del Hemisferio Occidente, bajo €l auspicio
de la Agencia Internacional de Energia Atébmica, donde se presentaran conferencias magistrales por
expertos internacionales, asi como mesas de trabajo de discusion e intercambio de experiencias en
el mangjo de Programas Operativos de M oscas de la Fruta en diferentes parte del mundo.
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M edfly Program Operational Update: Targeted Suppression of Population Centers of
Ceratitis capitata Wied. Through the Use of GI S'GPS Technology

Terry McGovern', Pedro Rendon?, Estuardo Lira®

'USDA APHIS IS, 4 Av. 12-62 Zona 10, Guatemala City, Guatemala
2USDA APHIS PPQ CPHST, 4 Av. 12-62 Zona 10, Guatemal a City, Guatemala
terry.e.mcgovern@aphis.usda.gov

Resume

The Medfly Program was established in 1979 to prevent the unmitigated spread of Mediterranean
fruit fly (Medfly), Ceratitis capitata Wied. (Diptera: Tephritida), from the generally infested areas
of Central America into the Medfly free areas of Mexico, Bdlize, Guatemala and the United States.
Primarily operating throughout Chiapas, the southernmost state of Mexico, and the northern parts of
Guatemala, the Program has been successful in maintaining a functional barrier for almost 30 years.
However, recent funding reductions have forced program managers to become more creative in the
use of available resources. Big budget aerial pesticide application operations are no longer a viable
option; the enhanced use of GIS/GPS technology now allows for the identification of population
hotspots and the more cost efficient targeting of various mitigation activities.

Introduction

The Medfly Program, a cooperative venture between Mexico, Guatemala, Belize and the United
States, is now managed by the Program’s Unified Management Team (UMT), which made up of
administrative and technical managers from Mexico, Guatemala and the United States. The UMT is
responsible for the administrative management and technical leadership of the Program and the
oversight of all aspects of field work. For the past ten years the general operating budget of the
cooperative program has been about $40 million per year with Mexico and the United States
providing most of the funding. This level of funding is used to support survey operations,
guarantine enforcement, ground pesticide treatments, public relations, and SIT production and
release activities. This normal operating budget does not, however, include funds for the purchase
of large amounts of pesticide or the payment for spray planes needed to carry out aerial pesticide
applications. In 1998, when huge outbreaks in Chiapas threatened the integrity of the barrier, the
United States Department of Agriculture (USDA) stepped in and contributed an additional $10 -
$14 million annually in emergency funds for seven years which was used to support a number of
large aerial pesticide spray programs, increase SIT production and release of sterile Medflies, and
upgrade the Progrant' s infrastructure and facilities. However, the Program stopped receiving these
emergency funds in 2006 and, in the face of rising costs in aimost all phases of program work, the
UMT has now been required to devel op alternative strategies to maintain an effective barrier.

Current Strategies

In the area of program work coffee, Coffea arabica L., is considered to be the primary host of the
Medfly. Several large coffee production belts transverse both Guatemala and Mexico and serve as
the primary breeding sites of the wild Medfly population. When the Program had access to the
emergency funds large scale pesticide application programs were conducted, often covering more
than 100,000 hectares with up to eight applications of first Malathion bait sprays and now more
recently Spinosad bait sprays. However the costs of these projects reached up to $10 million a year
which is now beyond the reach of the Program. Nevertheless, the situation in the field remains the



same — with wild fly populations fluctuating year to year and often reaching levels of intensity in
some specific areas that are beyond control with just the use of SIT releases and ground pesticide
applications.

In order to maintain an effective barrier, the Program’s technical managers in Guatemala
developed a new approach. The Program maintains a network of about 35,000 trapsin the field that
are all geo-coded and included in a program wide database.  Analysis of the survey data over time
clearly showed that each year, following the end of the rainy season when the populations densities
are normally at their lowest levels of the annual cycle, wild Medfly populations routinely built up
first in the coffee production areas and then generally spread throughout the region. The analysis
also showed that the fly populations are not uniformly distributed throughout the coffee — rather
there are numerous distinct points of high population densities, referred to as “reservoirs,” that serve
as epicenters for population growth and spread. Using this information the technical managers were
able to develop an operational work plan that used targeted spraying (usually only 4 applications)
directly on these reservoirs (some blocks as small as 100 hectares) in conjunction with general SIT
releases and limited parasitoid releases. The scope of the suppression work was limited to what the
Program could afford — in 2007/2008 this amounted to just under $2 million, which allowed for the
spraying of only 25,000 hectaresin total.

Conclusions

The idea of targeted sprays and low cost spray projects was originally met with great skepticism
even within the Moscamed Program. But the results of the first year of work carried out in
southwest Guatemala in late 2007 and early 2008 clearly showed that the limited operations were
actually highly effective in eliminating the population reservoirs. As a direct result, the general
population levels in the neighboring areas were also greatly reduced. It is expected that the annual
application of this strategy may be the only way to help maintain the barrier in light of ever
shrinking fiscal resources. While this strategy will not lead to eradication, it has shown to be very
effective at suppressing populations to the point that SIT and ground sprays alone can complete the
work needed to maintain a suppressed population over time. Obviously one year of work is not
enough to truly assess the new strategy but the UMT is calling for another round of targeted aerial
pesticide applications at the end of this year and perhaps over time we may be able to confirm that
thisis a cost effective and efficient strategy to keep wild populations suppressed.
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Situacién Actual de la Campara Nacional Contra M oscas de la Fruta en
M éxico

José Manud Gutiérrez Ruelas, Guillermo Santiago Martinez

Direccion de Moscas de la Fruta. Direccidn General de Sanidad Vegetal. SENASICA-SAGARPA. Av.
Guillermo Pérez Valenzuela No. 127 Colonia del Carmen Coyoacan, C. P. 04100 México, D. F.

I ntroduccion

En 1992 se estableci6 la Campafia Nacional contra Moscas de la Fruta, con € objetivo de controlar,
suprimir y erradicar donde las condiciones agroecol 6gicas |o permitan a cuatro especies de moscas
de la fruta de importancia econémica (Anastrepha ludens, A. obliqua, A. serpentina y A. striata), a
efecto de reconocer huertos temporalmente libres, zonas de baja prevalencia y zonas libres de
moscas de la fruta.

Para cumplir con la meta, se cuenta con una Planta de Produccion Moscas Estériles y
Parasitoides, con niveles de produccion semanal de 190 millones de A. ludens, 40 millones de A.
obliqua, 50 millones del parasitoide Diachasmimorpha longicaudata. Dicho material bioldgico se
distribuye para su empague y liberacion a los estados de Nuevo Leon, Sinaloa, Nayarit, Zacatecas,
San Luis Potosi, Tamaulipas, Baja California, Michoacan y Chiapas.

En este sentido, algunas de las actividades sustantivas para € desarrollo de la Camparfia son

las siguientes:

= Construccién y acondicionamiento de cinco Centros de Empaque de Adulto en Frio
(CEAF) ubicados en Montemorelos, N.L., Cd. Victoria, Tamps., Rioverde, S.L.P,,
Huanusco, Zac. y El Rosario, Sin., con una inversion de 35 millones de pesos.

»  Empaque de pupas en sistemas de Cajas Parc, Torres Worly y Torres México.

= Uso de lahormona juvenil en dos Centros de Empaque (Sinaloay Nuevo L edn).

» Liberacion del parasitoide Coptera haywardii en proyectos pilotos en Chiapas y Nuevo
Leodn.

» Expedicién de la tarjeta de manegjo integrado de moscas de la fruta via Internet.

» Uso de Sistema de Informacion Geogréfica para e seguimiento de las operaciones de
campo Yy verificacion de las liberaciones de moscas estériles y aspersiones en tiempo
real.

» Investigacion sobre sexado genético de A. ludens para producir una cepa TSL.

= Evaluacion externa de la Campafia por un grupo técnico internacional.

Avances

Con relacion a los avances, cabe destacar que de 1992 a 2008, se han reconocido como
zonas libres de moscas de la fruta 920,570 Km® que representan e 47% de la superficie del
territorio nacional, donde se cultivan alrededor de 85 mil ha de frutales (citricos, manzana, durazno
y mango). Adicionalmente, se han reconocido 223,763 Km? (11.42 % del territorio nacional) como
zonas de baja prevalencia de moscas de la fruta en areas donde se encuentran establecidas 186 mil
hectareas de frutales como citricos, mango, guayabay durazno (Figura 1).
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Zona Libre

Zona Libre en proceso
de reconocimiento

Zona de Baja Prevalencia

Zona de Baja Prevalencia
en proceso de reconocimiento

Zona Bajo Control
Fitosanitario

Figura 1. Estatus de M oscas de la Fruta en México (2008).

Han sido reconocidos 202,017 km* de zonas libres de moscas de la fruta por E.U.A.,
Australia, Nueva Zelanda, La Union Europeay Japon.

En zonas libres de moscas de la fruta, para la vigilancia de la plaga se mantienen en
operacion anual 7 mil trampas McPhail y Multilure, cebadas con proteina hidrolizada o torula. Del
2000 al 2008 se han realizado 2.7 millones de revisiones de trampas. Cuando se detecta la plaga se
gecuta e Plan de Emergencia hastalograr su erradicacion.

En las zonas de baja prevalencia se mantienen en operacién anual 8,500 trampas McPhail y
Multilure, cebadas con proteina hidrolizada o torula. De 2000 al 2008 se han realizado 2.8 millones
de revisiones a las trampas. Se aplicé control quimico en 440 mil ha acumuladas, con repeticiones
semanales. De la misma manera, se han liberado 400 millones de parasitoides y donde se ha
alcanzado la supresion de la plaga se han liberado 10 mil millones de moscas estériles.

En ambas zonas se aplica un control de calidad del trampeo mediante la colocacion
controlada de especimenes adultos de la plaga con resultados de reporte mayores a 90%. Parala
proteccion de las zonas libres y de baja prevalencia se operan 35 puntos de verificacion interna,
donde en promedio anual en los ultimos diez afios se han inspeccionado 10.5 millones de vehicul os;
se han muestreado 500 ton de fruta; se han decomisado y destruido 300 ton de frutas y se han
fumigado 45 mil ton de frutas.
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Durante @ periodo de 2000 a 2008, de las zonas libres de moscas de la fruta se han
exportado 130 mil ton de mango, 113 mil ton de naranja y 5,700 ton de durazno con un valor
comercial de 150 millones de ddlares americanos. Con relacion a la exportacion de mango con
tratamiento cuarentenario producido en zonas de baja prevalencia y zonas bajo control fitosanitario
se han exportado un millén 440 mil ton de mango con tratamiento cuarentenario con un valor
comercial de un mil 200 millones de dolares; de igual manera se han exportado 600 mil ton de
citricos con tratamiento cuarentenario de postcosecha con un valor comercial de 500 millones de
dolares.

El concepto de Huertos Temporalmente libres de Moscas de la fruta para la movilizacién
nacional sin tratamiento cuarentenario de postcosecha ha tenido un crecimiento notable en los
ultimos nueve afos; ala fecha en 15 estados de la Republica Mexicana se han certificado 68 mil ha
acumuladas de guayaba, durazno, citricos, mango, granada roja, ciruela, carambola, guandbana,
manzanay teocote.

De 2000 a 2008, € costo de las operaciones de campo de la Camparia Nacional contra
Moscas de la Fruta ha sido de 1’710 millones de pesos, de los cuales el Gobierno Federal aporto
660 millones, e Gobierno Federal 450 millones y los productores 600 millones. Para la produccion
de moscas estériles y parasitoides se han invertido 820 millones de pesos por parte del Gobierno
Federal.
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Sistema Preventivo contra M oscas Ex6ticas dela Frutaen México

Guillermo Santiago Martinez, José Manuel Gutiérrez Ruelas, Francisco Hernandez Lopez,
Roberto José Gomez Pauza

Direccidn General de Sanidad Vegetal. Servicio Naciona de Sanidad, Inocuidad y Calidad Agroalimentaria.
Av. G. Pérez Valenzuela No. 127 Coloniadd Carmen Coyoacan,
C. P. 04100 México, D. F.

La exportacion de frutas y hortalizas representa para México un importante componente de la
economia nacional ya que se cultivan cada afio alrededor de 1.7 millones de ha, donde se producen
12 millones de toneladas de productos vegetales con un valor comercial de 4,500 millones de
ddlares. En este sentido, € Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria
(SENASICA) coordina la operacion del Sistema Preventivo contra Moscas Exdticas de la Fruta con
el objetivo de detectar oportunamente cualquier incursion de la plaga a territorio nacional para su
inmediata erradicacion. Este sistema consta de 37,130 trampas, de las cuales 21,000 son especificas
para Ceratitis capitata operadas directamente por e Programa Maoscamed en el Estado de Chiapas.
En € resto del pais se tienen 16,130 trampas para la deteccion de C. capitata, (77%), Bactrocera
dorsalis (8%), B. cucurbitae (8%), Rhagoletis spp. (4%) y algunas especies de Anastrepha (3%).
Las trampas son colocadas en sitios de riesgo potencial de ingreso como son aeropuertos, puertos,
centrales de autobuses y rutas carreteras con flujos comerciales. De 1996 a junio de 2008, se han
acumulado 5.6 millones de revisiones de trampas, con periodicidad de 14 dias, obteniéndose en
promedio porcentajes de revision superiores al 90%. El Sistema Preventivo ha demostrado que el
territorio de M éxico esta libre de moscas exéticas de la fruta. Unicamente en un &rea restringida en
el Estado de Chiapas, frontera con Guatemala, se detectan especimenes de C. capitata en forma
aislada y esporadicas y se aplican medidas de erradicacion por €l Programa Moscamed. En € &rea
productora de olivo en Baja California y Caborca, Sonora esta presente B. oleae. El costo del
Sistema Preventivo contra Moscas Exdticas de la Fruta de 1996 a 2008 ha sido de 21.6 millones de
dolares; de los cuales & 84% fue aportado por el Gobierno Federal, 12% por los Gobiernos de los
Estados y 4% por los productores.

Supresion dela M osca del Olivo Bactrocera oleae (Diptera: Tephritidae) en Caborca,
Sonora, M éxico

Guillermo Santiago Martinez", Francisco Ruiz Berumer?, Carlos delaRosa’, Luciano Cruz®,
Arturo Zambada Martinez®, Javier Valenzuela Lagarda’ y José Manuel Gutiérrez Ruelas'.

'Direccién General de Sanidad Vegetal. Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria.
Av. G. Pérez ValenzuelaNo. 127 Coloniadel Carmen Coyoacén, C. P. 04100 México, D. F. “Comité Estatal
de Sanidad Vegetal de Sonora, Pedro Villegas No. 51 Esg. Palma, Colonia del Razo C.P. 83000 Hermasillo,
Sonora. 3Junta Local de Sanidad Vegetal de Caborca. Calle Obregon No. 278 y Av. Luis Donaldo Colosio, H.
Caborca, Sonora.

En octubre de 2000 se detect6 por primera ocasion la mosca del olivo (Bactrocera oleae) en el
Municipio de Caborca, donde se tienen establecidas 2,000 ha de olivo. En 2001 se inici6 la
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supresion de la plaga con e objetivo de reducirla a niveles indetectables. La Junta Local de Sanidad
Vegetal de Caborca (JLSVC) redliza € trampeo y muestreo de frutos; los productores recolectan la
aceituna en la etapa de postcosecha, estableciéndose como fecha limite el 30 de noviembre; en caso
contrario, la JLSVC contrata técnicos con recursos de los productores que entregan a dicha junta
local como garantia de cumplimiento (200 dolares/ha). Adicionalmente, dicha Junta redliza €
control mecénico y quimico en éreas marginales. EI Comité Estatal de Sanidad Vegetal de Sonora
aplica la regulacion cuarentenaria en e Punto de Verificacion Interna de San Luis Rio Colorado, en
los limites con e Estado de Baja California. De 2002 a julio de 2008, en una red permanente de 500
trampas multilure, cebadas con proteina hidrolizada, con més del 95% de trampas revisadas cada
semana y 185 mil revisiones acumuladas, se observa una reduccion notable de la plaga de 7,743 a
82 especimenes adultos; y con base en € indice MTD de 2008 que es de 0.0006 y e hallazgo de un
foco larvario en 2007 se puede concluir que la mosca del olivo se encuentra bajo supresion. Durante
2007 se cosecharon 9,500 ton de aceituna; de las cuales 9 mil ton se exportaron en fresco a Estados
Unidos y 500 ton se enviaron a la industria, con un valor comercial de 6 millones de ddlares. El
costo del programa de supresion de 2002 a 2008 fue de 2.46 millones de dolares; de los cuales, €
Gobierno Federal invirti6 40%, e Gobierno del Estado de Sonora 27% y los productores 33%.

Sistema Integrado Informacién de M oscas de la Fruta del Peru
Rafadl Edmundo Guillén Encinas, Glen Felipe Santiago Quintanilla Montoya

Servicio Nacional de Sanidad Agraria- SENASA, Av. Universidad 1915, La Malina, Lima - 12, Pert.
gquintanilla@senasa.gob.pe

Es un software desarrollado a partir del afio 2000 por la Subdireccion de Moscas de la Fruta y
Proyectos Fitosanitarios del SENASA - Per(, esta trabajado en lenguaje de programacion Power
Builder, tiene como plataforma de base de datos a Oracle, registra data técnica generada por las
actividades relacionadas a proyectos de control, supresion y erradicacion de moscas de la fruta, con
utilizacion de Sistemas de Posicionamiento Global y esté integrada con Sistemas de Informacion
Geografica mediante una Red WAN e intranet. Actualmente se encuentra operando a nivel nacional
y permite entre otras cosas conocer € status delaplaga en € paisOnLine. A través de este sistema
serealiza d monitoreo y supervision de las actividades de Registro de Productores, Hospedantes y
Especies de Moscas de la Fruta, Vigilancia, Control Integrado, |dentificacién Taxondmica,
Administracion de Areas Libres, Programas de Exportacion y seguimiento de Personal. Asimismo
contamos con una red de estaciones meteorolOgicas automatizadas a nivel nacional cuyos datos
ingresan a nuestro sistema en forma regular. El software permite la generacion de reportes tanto
tabulares, gréficos y de mapas tematicos, muy importantes para la adecuada toma de decisiones con
informacion en tiempo real, que sea oportuna, confiable y veraz. El software integra un médulo que
de Andlisis Predictivo de Riesgo para Moscas de la Fruta, en base a un modelo matemético
elaborado sobre la base de datos del Sistema Integrado de Informacion y e ciclo biologico del
insecto. Redliza € envio de reportes sobre Moscas de la Fruta a Productores en forma regular y
automeatizada via correo electronico.
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The Eradication of an Outbreak of Carambola Fruit Fly in State of Para, Brazil

M. J. S. Godoy', W. P. S. Pinto?, L. M. M. Moraes®, W. A. Xavier®, J. M. Pires-Filho’, E. L. M.
Chaves®, C. A. V. Vasconcelos®, W. L. N. Failache?, J. R. M. Duarte”.

'Department of Plant Protection, Ministry of Agriculture, Livestock and Food Supply (MAPA), Brasilia,
Brazil; Plant Protection Service, MAPA, Belém, Par4, Brasil; ® Agrihealth State Agency of State of Para
(ADEPARA), Belém, Par, Brazil; “Plant Protection Service, MAPA, Macapa, Amapa, Brasil.

The carambola fruit fly (CFF), Bactrocera carambolae, is a pest of many tropical fruit species as
carambola, jambo, guava, mango and Antilles cherry. This is a quarantine species for Brazil.
Presently the species is found in the State of Amapa and is under active phytosanitary control. The
spread out of this pest in the Brazilian territory represents direct fruit losses, considerable increase
in the use of insecticides and losing markets in countries with quarantine barriers. On Feb 12, 2007,
three males of CFF were captured in traps in the MAPA detection system in the district of Monte
Dourado in the Jari River Valley, in the state border Amapa-Para. The detection of a single adult is
trigger for immediate application of the Contingence Plan for Eradication of Carambola Fruit Fly,
approved and in place by MAPA and by the Agrihealth State Agency of State of Para (ADEPARA).
The team responsible for the survey and control actions in the Contingency Plan has 28 people
including the sanitary education core. For the actions were used 6 trucks. The control actions
following the work plan were: distribution of 67,740 impregnated blocks and malathion as male
annihilation technique, MAT ; application of 3,387 liters of protein bait spray applied in host plants;
collection of 4,876 kilos of fruit host; dimination of 850 carambola trees. After the continuous
application of phytosanitary measures in Monte Dourado, the last capture of an adult was on Jun 8,
2007 and a larva in fruit was on Jul 20. In Laranjal the last adult capture was on Aug 13 and no
capture of larva up to date. Hence, the survey demonstrate that CFF is absent in the area for a period
over five life cycles. As the period of time since the last detection exceeds three life cycles of the
target species, the outbreak was declared eradicated on Feb 29, 2008.

Sanitary Education Actions asa Component of a Carambola Fruit Fly Outbreak
Eradication in Jari River Valley, Brazil

M. J. S. Godoy', A.K.M.N. Bdfort>, A. C. Silva®, F. J. Maia"; M. E. Queiroz*; R. Goes’; R.
Rivelino®, C. A. Albuquerque’

'Department of Plant Protection, Ministry of Agriculture, Livestock and Food Supply (MAPA), Brasilia,
Brazil;? Agrihealth State Agency of State of Para (ADEPARA), Belém, Par4, Brazil;; *Plant Protection
Service, MAPA, Bdém, Parg, Brazil; “Plant Protection Service, MAPA, Macap4, Amapé, Brazil;
*Municipality Board of Vitoria do Jari, Amapa, Brazil; “Amapa Environmental Secretary; "Plant Protection
Service, MAPA, Goiania, Goias, Brazil.

An outbreak of Bactrocera carambolae was detected in Feb 2006 in district of Monte Dourado,
State of Para, Brazil. The district is located just across of the city of Laranjal do Jari separated by
the Jari River in State of Amapa. Hundreds of workers living in Laranjal commute everyday to
Monte Dourado bringing continuous risk of infested fruit from Amapa to Para. Sanitary education
measures are more effective that regulatory ones and helps the contingency plan to disseminate the
importance of program and reduce the complains with the control measures applied in program.
Also, having in account the area wide concept, both cities as state borders should be targeted. In
such remote area, where there are strong constrains in terms of communication and transportation
with local communities, sanitary education is a key element. In this regard, Ministry of Agriculture

16



built partnership with Environmental agencies, Municipalities Boards, Community Association in
order to have deeper involvement of the population. Sanitary education actions and public relation
targeting the residence human population were carried out during the eradication measures. The
actions were done either in the outbreak area as the surrounds in order to have the population more
sensitive concerning the measures that have forbid fruit transportation and trade and eradication
actions. The adopted method for training was SOMA method that was shown very adequate for
reaching the goals. The project was recognized as one of most important innovative initiative
countrywide in 2007. The Sanitary Education Core has prepared 300 multipliers that have trained
3,248 dementary, middle and high school students and support 872 families. The actions were
carried out in the Jari River Valley were considered crucial to enforce the regulation in an area
where the communication is very difficult and the main transport is through the boats in the river
system. Dissemination material such as folders, booklets, t-shirt was prepared and the impact of the
actions was evaluated as long lasting.

Development of Worldwide Tephritid Fruit Fly Networks
Through Tephritid Workers Databases
(www.tephritid.org)

Abdeljelil Bakri', Jorge Hendrichs®, Alan Robinson®

Cadi Ayyad University, 40000 Marrakech, Morocco, bakri@ucam.ac.ma, 2Joint FAO/IAEA Programme,
Insect Pest Control Section, Vienna, Austria, J.Hendrichs@iaea.org, *Joint FAO/IAEA Programme,
Entomology Unit, FAO/IAEA Agriculture and Biotechnology Laboratory, Seibersdorf, Austria,
A.Robinson@iaea.org

Tephritid Workers Database (TWD) (www.tephritid.org) is a web-based database collecting and
sharing information on tephritid fruit flies, one of the most economically important groups of insect
species that threaten fruit and vegetable production and trade worldwide. Each year, a significant
amount of information is made available on tephritid biology, ecology, taxonomy, biotechnology,
control methods, outbreaks, and operational control programs. In parallel, an increasing number of
scientists and other stakeholders with various expertise are involved in these research and control
activities worldwide. In this regard, it was considered important to develop a global database in
order to alow tephritid fruit fly workers worldwide to keep up-to-date on the most recent
developments, to provide an easily accessible and always available resource, and to serve as a
platform of interaction that promotes collaboration and communication among scientists. Launched
in 2004 on the internet, TWD includes a Directory of Tephritid Workers that has now more than
880 members from more than 100 countries; news; a bank of more than 1900 recent bibliographic
references on fruit flies; and relevant internet links on fruit flies. TWD is sdf-maintained by the
members and depends on their active contribution such as regularly updating their records and
publication list, or posting relevant news, alerts, urgent messages, job opportunities, new books,
new publications, and web site links. Alongside, TWD provides an advanced search tool to
facilitate data retrieval, within the database sources, per countries, subjects, fruit fly genera, authors
and literature. As a neutral service for the worldwide scientific community, TWD offers a platform
also for other regional Tephritid subgroups such as The Tephritid Workers of Europe, Africa and
Middle East (TEAM) and efforts are being undertaken to integrate other regional subgroups such as
the Working Group on Fruit Flies of the Western Hemisphere.
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Sistema de Deteccién Temprana para la Mosca del M editerraneo en €l Programa
Regional M oscamed M exico-Guatemala

A. Villasefior!, J. L. Zavala® M. Gutierrez®, J. Hernandez-Baeza®

Programa Moscamed DGSV-SENASICA MEXICO, antoniovillasenor@prodigy.net.mx ; 2Programa Operativo
Moscamed SAGARPA-IICA; *Programa Moscas de la Fruta DGSV-SENASI CA-México; “Co-Direccién Comision
Moscamed M éxico-Guatemala

Desde € afio 2,000 e Programa Regional Moscamed M éxico-Guatemala-Estado Unidos ha utilizado
cinco tipos de trampas para la deteccidn de la mosca del Mediterraneo Ceratitis capitata Wied.: trampas
Fase IV y Multilure cebadas con BioLure (Acetato de Amonio [AA], putrescina [PP] y trimetilamina
[TMA]), y trampas Jackson, Panel amarillo y C& C cebadas con TrimedLure. Estos sistemas de trampeo
fueron desarrollados a través de los programas coordinados de investigacion (PCl) del OIEA (OIEA
1996, OIEA 1998). Se realizd un andlisis de la informacion generada en los afios 2007 y 2008 para
determinar si lared de trampeo a gran escala del Programa Regional M oscamed, mantiene el objetivo de
deteccion temprana para los brotes de la mosca del Mediterraneo. La red de trampeo en Chiapas en €
area libre estd compuesta por 14,000 trampas en proporcion 1:1 trampas™*® con BioLure®:trampas™*®
con TrimedLure™"®; y en e érea de baja prevalencia con 5,000 trampas en una proporcion de 4:1
trampas—*® con Biolure®:trampas™"® con TrimedLure™"®. El andlisis de lainformacion indico que hay
una diferencia mayor en Moscas por Trampa Atendida al Afio (MTA), para las trampas con Biolure.
También estas trampas capturaron el 84% de las moscas fértiles en 2007 y 80% en 2008. En érea de Baja
Prevalencia en 2007 la captura de moscas fértiles se elevd a 91% en trampas con Biolure. Resalta a la
vista la diferencia en la captura de hembras para |as trampas con BioL ure, arriba de 8 veces en 2007 y 9.5
veces en 2008, asi como la captura del 56% de hembras virgenes-jovenes (1-7 dias de edad), lo que
corrobora una deteccion temprana de brotes. Con estos resultados se respalda la decisiéon del Programa
Moscamed, asesorado por su Technical Advisory Committe (TAC), para que en el &rea libre de Chiapas,
se instale también la proporcion de 4:1 a partir del afio 2009, buscando incrementar alin més la deteccion
temprana de brotes de la plaga.

Sistema de Geolocalizaciéon (GPS) y Administracion de la Informacion (GIS) en Linea
(Web) Ligados en un solo Sistema [lamado T-SIGA, para las Operaciones de Campo
ded Programa Regional M oscamed Chiapas-M éxico y Guatemala.

A. Villasefior!, A. G. Lara®, R. O. Cudlar®, J. M. Gutiérrez-Ruelas’, J. L. Zavala®, J. Hernandez-
Baezal.

Programa Moscamed-DGSV-SENASI CA-México, antoniovillasenor @prodigy.net.mx; Programa
Moscamed SAGARPA-IICA México; * BETTER WORLD-México, rcuellarb@hotmail.com; “Programa
Moscas de |a Fruta-DGSV-SENASICA-México, *Programa Operativo Moscamed SENASICA-1ICA México,
®COMISION MOSCAMED México-Guatemala,

El sistema T-SIGA ha sido desarrollado con hardware y software acorde a las necesidades del
Programa Regional Moscamed. La informacion basica de georeferencias, tipo de trampa,
hospedero, fechas, hora, con captura de moscas del Mediterraneo o sin captura, reubicaciones, etc.,
gue acompafia a cada trampa instalada y revisada, se codifica en € sistema de barras. La
informacion almacenada es actualizada por una computadora digital personal (PDA-GPS) y esta
informacion es transferida a la Web para alimentar la base de datos interactiva en € servidor y
portal dedicado para este fin. A través del GIS se manga la base de datos, para limpiar, filtrar,
integrar, almacenar, recuperar, analizar, desplegar y visualizar la informacion espacial en mapas. El
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T-SIGA contribuye ademés a seguimiento de la gecucion de las rutas de trampeo, tiempo y
distancia del recorrido, hora de revisién y periodo de exposicion de cada trampa, cambio de
materiales y atrayentes, etc. Por el T-SIGA se operay maneja la informacion que genera la revision
de la red de trampeo (20,000 trampas) y facilita la toma oportuna de decisiones y estrategias a
implementar en la deteccién y control de la mosca del Mediterrdneo y € uso de la Técnica del
Insecto Estéril. El sistema T-SIGA esta iniciando la operacion de area “wide” en Chiapas (75,000
km?) y se extendera a Guatemala en 2009 para abarcar las todas las &reas regionales de trabajo
(152,200 km?y 30,000 trampas).
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Estado Actual dela Taxonomia del Género Anastrepha Schiner
Vicente Herndndez-Ortiz

Ingtituto de Ecologia A.C., Departamento de Entomol ogia.
Km 2.5 carretera antigua a Coatepec # 351, Congregacion El Haya. CP 91070,
Xalapa, Veracruz, México. Email: vicente.hernandez@inecol .edu.mx

I ntroduccion

El género Anastrepha Schiner constituye e género més grande y de mayor importancia economica
en América. En la dltima revision del grupo hecha por Norrbom et al. (1999) se enlistaron un total
de 197 especies validas, estimando que aun existen alrededor de 50 especies mas por describir.
Algunas publicaciones posteriores a esa fecha han incorporado descripciones de nuevas especies
(Norrbom 2002, Norrbom et al. 2002 y 2005, Norrbom y Caraballo 2003, Herndndez-Ortiz 2004,
Tigrero 2006 y 2007, Tigrero y Salas 2007, Norrbom y Korytkowski 2007), asi como algunos
nuevos registros para Colombia (Martinez-Alava 2007).

El conocimiento de la diversidad de especies a nivel pais ha sido analizada recientemente
sdlo en ciertos casos como Venezuela (Morales y Gonzalez 2007), Brasil (Zucchi 2000, Zucchi
2007), y México (Hernandez-Ortiz 2007). Con base en esta informacion, aqui se presenta una lista
actualizada de Anastrepha, que incluye un andlisis global de su distribucion a partir de los grupos
de especies presentes en las diferentes &reas biogeogréficas, y |os datos registrados para cada uno de
los paises del continente Americano.

Taxonomia

De acuerdo con la informacion taxondmica basada en la morfologia, € género Anastrepha
comprende en la actualidad un total de 216 especies vélidas clasificadas en 18 grupos de especies.
En estos grupos se concentra el 87% de las especies conocidas, mientras que e 13% restante aun
permanecen sin una clasificacién precisa en grupo alguno. De todos los grupos reconocidos, solo 8
de elos han sido revisados taxonémicamente (Benjamini, Caudata, Daciformis, Doryphoros,
Grandis, Hastata, Schaus y Serpentina), en los cuales se incluyen poco menos del 25% de las
especies totales. Por € contrario, los grupos mas diversos como Fraterculus (33 spp), Mucronota
(32 spp) y Pseudoparallela (20 spp), aun permanecen sin una revision taxondmica integral que nos
permita precisar las relaciones entre sus especies, y particularmente en e primero de ellos, en donde
ocurren las especies nativas de América de mayor importancia econémica.

Las relaciones filogenéticas de Anastrepha Schiner lo ubican como un género hermano de
Toxotrypana Gerstaecker y Hexachaeta Loew dentro de la tribu Toxotrypanini, cuyos miembros
poseen una distribucion exclusivamente Neotropical, a lo largo de las regiones tropicales y
subtropicales del continente americano (Norrbom et al. 1999, Herndndez-Ortiz 2006).

Biogeogr afia

Por las caracteristicas de su distribucién continental, el género Anastrepha presenta un patron de
dispersion “Neotropical Tipico” (sensu Halffter 1976), caracterizado por elementos originados en el
sur del continente y distribuidos a lo largo de las tierras bajas tropicales americanas, pero con
limitaciones de penetracion en e norte del continente, debido principalmente a factores ecol égicos
y geograficos.
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Siguiendo la biogeografia de América Latina basada en su entomofauna (sensu Morrone
2001, 2006), la region Neotropical se encuentra divida en cuatro grandes subregiones: a) Caribefia,
conformada por los dominios Mesoamericano, Nor-Oeste Sudamericano y Antillano; b) subregion
Amazédnica; c¢) subregion Paranaense; y d) subregion Chaguefia.

El andlisis de la distribucion de especies basado en la clasificacion supra-especifica del
género Anastrepha, mostrd que siete grupos de especies pueden ser considerados de amplia
distribucion, ya que poseen representantes en todas las areas biogeogréficas de la region
Neotropical: Fraterculus, Mucronota, Pseudoparallela, Daciformis, Serpentina, Spatulata, y
Dentata. Por € contrario, l0os grupos restantes presentan patrones de distribucion restringida a
ciertasregiones (ver Cuadro 1).

Cuadro 1. Andlisisde ladistribucion regional de los grupos de especies del género Anastrepha basado en las
principal es areas biogeograficas de laregion Neotropical.

Anastrepha dominio dominio sub-regién

Grupos de NO. Spp Adztrir:ll r;'n% Meso- Nor-Oeste Amazédnicay %Jﬁa;igér?g
Especies T Americano | SudAmericano | Paranaense
Fraterculus 33 5 13 19 (5) 19 (7) 6 (2)
Mucronota 32 6 (4) 4 17 (9) 16 (7) 2
Pseudoparallela 20 2 2 13 (7) 10 (2) 6 (2)
*Daciformis 13 4(4) 4 (3 3 4 3
Robusta 11 1 6(2) 7(4)
* Serpentina 11 3 3 9(4) 5 1
Satulata 11 1 6 5 7 6
Dentata 10 3(2 3(2 2 6 (3) 1
Cryptostrepha 8 53 5(2) 1
*Grandis 8 6 (3 5(2) 1
Leptozona 8 1 2 6 (4) 4(2)
*Schausi 5 1 3(3) 1
*Benjamin 4 3(3) 1
Punctata 4 1 4(2) 2
*Caudata 3 2 3
*Hastata 3 2 2 1
*Doryphoros 2 1 1
Ramosa 2 2(2)
Incertae sedis 28 2 3 13 19 2
Total especies 216 27 49 118 114 30
ESpe,C'G.S 133 13 13 51 49 7
ndémicas
* Grupos de especies revisados
() Grupos con més de una especie endémica en laregion

El dominio Antillano, comprende las islas Mayores y Menores del Mar Caribe, asi como la
porcién sur de la peninsula de La Florida (EUA). En ese dominio se reconoce la existencia de 27
especies, sin embargo, los datos regionales muestran la fauna Antillana aun no esté bien estudiada,
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debido a que casi la mitad de las especies registradas sdlo se conocen para la isla de Trinidad, la
cual mantiene una mayor influencia de especies de origen continental (eg., A. leptozona,
serpentina, striata, antunesi, distincta y fraterculus). En cambio, paises como Cuba, Jamaica,
Puerto Rico, Rep. Dominicana y Haiti, solo registran entre 4 y 8 especies en cada uno de elos. A
pesar del conocimiento parcial de las faunas de esos paises, € dominio Antillano posee 13 especies
endémicas entre las que se encuentra A. suspensa.

El dominio Mesoamericano ocupa gran parte del territorio Mexicano y América Central
hasta Costa Rica, asi como la parte sur de Texas (EUA) como una extension de la “Zona de
Transicion Mexicana”. En este dominio se conocen 49 especies, pero sdlo dos paises en la region se
encuentran bien documentados, México (37 spp) y Costa Rica (32 spp); en caso contrario, los paises
restantes de América Central poseen escasos registros, por 10 que aun son necesarios estudios a
nivel pais. El dominio Mesoamericano contiene en sus territorios 13 especies endémicas.

El dominio Nor-Oeste Sudamericano comprende diversos territorios de paises como
Panamé, Venezuela, Colombiay Ecuador. Aqui han sido registradas un total de 118 especies, por o
cual debe ser considerada la zona de mayor diversidad, aun cuando solo Panama (69 spp) presenta
un conocimiento taxondmico aceptable, en contraste con las faunas de paises como Venezuela (55
spp), Colombia (36 spp) y Ecuador (35 spp), cuyas areas de influencia amazonica no han sido bien
estudiadas. Los andlisis biogeograficos preliminares de esta region indican la presencia de 51
especies endémicas, o cual reitera la necesidad de estudios posteriores.

La sub-region Amazonica (ocupada principalmente por territorios de Brasil, Las Guyanas,
Surinam, y algunos territorios de Pert y Bolivia), y la subregion Paranaense (representada por la
porcion Sureste de Brasil alo largo de la costa Atlantica), en ambas se localizan 114 especies de las
cuales 49 constituyen endemismos. Sin embargo, de todos esos territorios, solo Brasil podria ser
considerado como el pais mejor conocido con 98 especies, que representan cerca del 45% del total
de las especies conocidas, mientras que las regiones amazénicas de Pery y Bolivia han sido
pobremente estudiadas. En estas regiones pocas inferencias podemos hacer acerca de su
biogeografia, debido a que se requiere informacion a nivel regional para reconocer cuales especies
podrian tener una afinidad exclusivamente Amazoénica o Paranaense.

Por ultimo, en la sub-region Chaquefia representada principalmente por los territorios de
Paraguay, Uruguay, norte de Argentina y una porcién del centro y noreste de Brasil, ocurren un
total de 30 especies, casi todas €las presentes sdlo en Argentina (29 spp). En esta sub-region se
encontraron 7 especies endémicas (A. schultz, repanda, rosilloi, irradiata, pastranai, mburucuyae
y umbrosa), pues representa € extremo sur de la distribucion natural de Anastrepha, y estéria
considerada como € érea biogeografica menos diversa.

Considerando € total de especies descritas para Anastrepha, € andlisis biogeografico
preliminar mostré que solo la sub-region Amazonica + Paranaense, y € dominio Nor-Oeste
Sudamericano poseen representantes de todos 10s grupos de especies: la primera con € 52.7% delas
especies conocidas, incluyendo 49 especies endémicas; y la segunda que registro el 54.6% de las
especies, incluyendo 51 especies endémicas. En cambio, en el dominio M esoamericano solo ocurre
el 22.7% de las especies representando la distribucion més nortefia del continente, de las cuales 13
son endémicas para la region; mientras que las &reas menos diversas resultaron ser e dominio
Antillano (12.5%) y la sub-region Chaguefia (13.8%), ambas con 13 y 7 endemismos,
respectivamente.
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Larvae of fruit fly have the primary responsibility in causing the greatest damage to fruits. Also,
they are responsible for most of fruit rejections when they are detected in inspection sites, point of
entry or destination. However, larvae of fruit flies have not been used properly in systematics. At
least there are 3 reasons for this fact: a) Larvae have few sclerotized and visible characters, b) with
the great advance in the techniques of molecular genetics, classical taxonomic studies have lost
interest among young researchers, ¢) in fruit fly collections there are no or very few properly
identified individuals for study. Due to the facts mentioned above, currently there are very few
specialists in taxonomy of immature stages. Therefore, at present we are at a stage where
morphological studies of larvae are very insufficient, focusing primarily on the third instar larvae
(Steck et al. 1990, White and Elson-Harris 1992, Frias et al. 2006) In addition, there is not a
common methodology and it has not been emphasized those characters that could be useful in the
rapid identification of species, especially those of economic importance. This paper examines the
morphology of the third instar larvae of 7 species of the genus Anastrepha from Mexico (A.
obliqua, A. striata, A. ludens, A. serpentina, A. cordata, A. crebra and A. suspensa) with the
purpose to facilitate their identification, comparing them with populations of A. fraterculus and A.
leptozona aready studied.

Some specimens were macerated overnight in 10% solution of cold KOH. The
cephalopharyngeal skeleton was dissected and put into glycerin, then being observed and
characterized by means of an optical microscope (OM). Figure 1 shows the main characters
analyzed in the cephal opharyngeal skeleton.

Figure 1. Cephalopharyngeal skeleton of third instar
larva of A. suspensa. a= Apical tooth; b = parastomal bar; ¢ =
hypopharyngeal sclerite; d = Basal bar of pharyngeal sclerite; e =
Ventra bridge of pharyngeal sclerite; f = Pharyngeal sclerite; g =
Anterior sclerite; h = Dorsa bridge of dorsal cornu; i = doral
cornu; j = Upper bar of ventra cornu.

28



Other larvae were prepared for Scanning Electron Microscope (SEM) and the morphology
of the following structures were studied: oral ridges, preoral organ, labium shaped, labium sensilla,
antennomaxillary complex, anterior and posterior spiracles, spinules, sensilla of the caudal segment,
and anal lobes. Terminology used follows Carroll and Wharton (1989), White et al. (1999) and
Friaset al. ( 2006).

Body length of A. crebra larvae is lower than the other species studied. All species studied
are different in their cephalopharyngeal skeletons morphology, in particular: sclerctization, labial
sclerite, dorsal bridge of cornua, ventral bridge of pharyngeal sclerite. Besides morphological
differences were found at: width of hypopharyngeal sclerite and cornua in dorsal view, length and
sclerotization of anterior sclerite, upper bar of ventral cornua, basal bar of pharyngeal sclerite
(Tablel).

Table 1. Differences in body larvae length, wide of hypopharyngeal sclerite in dorsal view, length and
sclerotization of anterior sclerite, shaped of upper bar of ventral cornua and basal bar of pharyngeal sclerite
(at OM).

Species Body Width of Length and Upper bar Basal bar of
length hypopharyngeal sclerotization of of ventral pharyngeal
(mm) sclerites. anterior sclerite cornua sclerite
Dor sal view (mm)

A. cordata 7.5-10.0 >0.15 Do not exceed the Curved and Long and
dorsal bridge of cornua.  widein the slender
Weakly sclerotized middle

A. crebra 6.0-7.0 <0.15 Do not exceed the Curved and Short and wide
dorsal bridge of cornua.  wide
Weakly sclerotized

A. fraterculus 8.0-10.1 >0.15 Exceed the dorsal Straight and Long and
bridge of cornua. slender slender
Strongly sclerotized

A. leptozona 7.0-11.0 >0.15 Do not exceed the Straight and Long and
dorsal bridge of cornua.  slender slender
Weakly sclerotized

A. ludens 9.0-11.0 >0.15 Exceed the dorsal Straight and Long and
bridge of cornua. slender slender
Strongly sclerotized

A. obliqua 9.0-10.0 >0.15 Exceed the dorsal Straight and Long and
bridge of cornua. slender slender
Strongly sclerotized

A. serpentina 9.1-11.0 >0.15 Do not exceed the Straight and Long and
dorsal bridge of cornua.  slender slender
Strongly sclerotized

A. striata 8.0-11.0 >0.15 Do not exceed the Straight and Short and
dorsal bridge of cornua.  slender slender
Weakly sclerotized

A. suspensa 6.7-9.0 >0.15 Exceed the dorsal Straight and Long and
bridge of cornua. slender slender

Strongly sclerotized

Other morphological differences in the following characters can be observed at SEM. All
the species are different in the morphology of: oral ridges, anterior and posterior spiracles, labium,
spinules and anal lobes. Also we described differences in presence or absence of papilla sensillum
at the base of the distal segment of the antenna, presence or absence of papilla sensilla and pits in
the labium, morphology and number of peg sensilla of preoral organ, length and wide of tubules
of anterior spiracles (Table 2).
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Table 2. Differences in morphology of tubules of anterior spiracles, number of labium sendlla, presence or
absence of papilla sensllacloseto distal segment of the antenna and number of preorgan conica peg sensilla
(at SEM).

Species Tubules of Labium sensilla Papillasensilla  Anal lobes  Number of
anterior spiracles closetodistal preor gan
segment of conical peg
antenna sensilla
A.cordata Aslong as wide 2 papillasensillaand  Presence Unilobated, 3
2 pits rounded
A.créebra Longer than wide 2 papillasensilla Absence Unilobated, 1
rounded
A.fraterculus Longer than wide Not evident Absence Unilobated, 3
rounded
A.leptozona Longer than wide 2 papillasensilla Absence Unilobated, 6
rounded
A.ludens Longer than wide 2 papillasensillaand  Absence Bilobated, 3
2 pits rounded
A.obliqua Longer than wide 4 papillasensilla Absence Unilobated, 5
pear shape
A.serpentina Longer than wide 2 papillasensillaand  Absence Bilobated, 8
2 pits rounded
Adriata Aslong aswide 2 papillasensillaand  Absence Bilobated, 11
2 pits rounded
A.suspensa Wider than long 4 papillasensilla Absence Unilobated, 8
rounded

All larvae studied here can be identified according to the differences detected in the
cephalopharyngeal skeleton. The identification of each species can be confirmed through characters
observed through the SEM.

It is important to have a collection of larvae of different developmental stages of each
species presenting pictorial keysto help their identification. It proposes a protocol for the collection,
dissection and preservation of larvae It is also important to train specialists in taxonomy of
immature stages of fruit flies in order to resolve specific problems in each country. These studies
must be complemented by those made at the molecular level.
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Introduction

Reproductive isolation among different populations of the Anastrepha fraterculus (Diptera:
Tephritidae) Wiedemann species complex has been found acting both at the pre- and post-zygotic
levels (Selivon et al., 1999, 2005; Vera et al., 2006). Recently major differences were shown in
behaviour, cytology, biochemistry and genetics between two populations from Argentina and Peru
(Céceres et al., 2008) resulting in high levels of reproductive isolation. In field cage choice tests,
hybrid males could mate with females of either parental strain. However in these tests no hybrid
females were used. Differences in pheromone blends between the parental strains and their hybrids,
suggested that hybrid females may mate preferentially with hybrid males. Differential location of
the calling males from Argentina and Peru in the tree may aso contribute to the pre-mating
isolation. This paper provides information on these two aspects.

Material and Methods

Strains. For details of the parental strains see Céceres et al. (2008). Hap are hybrids obtained from
the cross between Argentina males and Peru females while Hp, are hybrids from the reciprocal
Cross.

Field cage mating tests. Experimental protocols and fly handling followed Céceres et al.
(2008). The location and origin of flies in mating pairs were noted. Location in the tree was
assigned as: upper, middle and low and north, east, south and west.

Bisexual test with parental strains. 25 flies from each sex from the parental strains.
Unisexual test with parental strains: 25 males from the parental strains with either 25 females from
Argentina or 25 females from Peru.

Unisexual test with hybrid males: 25 males and 25 females from one of the parental strains
with 25 males from one of the hybrids (either Hap Or Hpa).

Unisexual test with hybrid females: 25 males and 25 females from one of the hybrids (either
Hap Or Hpa) with 25 males from one of the parental strains.

Data analysis. The distribution of mating pairs in the tree was analyzed using y° test of
homogeneity. Mating compatibility was determined using the Index of Sexual Isolation (Cayol et
al., 1999) and departures from zero (indicating non random mating) were evaluated using * test of
Goodness of Fit.
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Results

In the bisexual tests, matings with Argentina males were found more frequently in the top and SE
part of the tree, while matings with Peru males were more evenly distributed in height and tended to
be found in the NW quadrant (Fig. 1a). These differences were significant, x% = 14.39; P = 0.001;
and y%; = 8.87; P = 0.031, for height and quadrant respectively. In the unisexual tests with parental
strains, there was only a significant difference in height (y% = 7.54; P = 0.023) (Fig. 1b).

In the unisexual tests with the hybrid males, there were no differences in the distribution of
the mating males, except between Argentina and Hap males (y% = 6.30; P = 0.012). Matings with
Hap males were more evenly distributed than those with Hpa males and they tended to avoid the
northern quadrant. Matings involving Hpx males were found more frequently in the top of the tree
and were concentrated in the eastern quadrant (Fig. 1c). These differences were significant, y% =
6.30; P =0.012; and ¥ = 8.79; P = 0.032, for height and quadrant, respectively.

Mating activity in the tests with hybrid females was in general high indicating good
conditions (Table 1). Mean ISl were always above zero (Table 1) indicating that hybrid females
mated more frequently with hybrid males. The number of matings that involved hybrid males was
always higher than the expected under random mating.

Table 1. Mean percentage of mating and mean ISl (both with their associated standard error) for each type of
test with hybrid females. The results of the * test of goodness of fit are also presented.

Type of test % Mating (SE) IS Y p-value
Har — ARG 81.50 (2.92) 0.27 (0.07) 11.344 <0.001
Har — PERU 75.00 (2.24) 0.42 (0.05) 25.627 <0.001
Hea — ARG 79.00 (3.44) 0.15 (0.06) 4.278 0.038
Hea — PERU 73.00 (4.46) 0.29 (0.06) 14.769 <0.001
Discussion

Males from the two populations mated in different places on the tree. The position where mating
couples are found is a reliable indicator of the position of males during pheromone calling (Segura
et al. 2007) and may indicate the occurence of mixed leks. Although both types of male preferred
the highest portion of the tree, the Argentina males tended to be the higher. This could be related to
the time of sexual activity for the Argentina males which was early in the morning when the
temperature in the cages was around 18-22°C, but the Peru males reached peak sexual activity when
the temperature was higher, sometimes near 30°C at the top of the cage, making intermediate
heights of the tree a more suitable or attractive place to form a lek.

Argentina males were also found more frequently in the northern or eastern quadrants than
Peru males. This part of the cage received the first direct sunlight, and the fact that the males
aggregated where the light hits first was also noted in other studies (Malavasi et al., 1983; Segura et
al., 2007). Although these differences were not detected in the unisexual tests, the proportion of
males in each quadrant shows the same trend: Argentina males aggregated in the NE sector. Peru
males mated later than Argentina males when light conditions were more homogeneous in the tree
and this may explain why the distribution of the Peru males was more uniform.

Hybrid males did not show differences with the parental males regarding location in the

height of the tree, except between Hap and Argentina males. Hap males were more evenly
distributed between an intermediate height and the top of the tree, while Hppx males tended to call
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more frequently from the top of the tree. Although the distribution among quadrants was very
similar between hybrid males, Hap males had a more even distribution while Hp, tended to avoid
the northern quadrant. These results suggest that the location of the hybrid in the tree depends on
maternal lineage, since Hap males behave as Peru males and Hpa males as Argentina males.

Argentina and Peru males have different pheromone blends (Céceres et al., 2008) and this
could play a part in sexual isolation. However, the male hybrids show an almost identical pattern of
pheromone composition, being a mix of the parental profiles enabling hybrid males to successfully
compete with parental males. However, if hybrid females only respond to pheromone blends that
contain compounds from both parental strains there would be a higher mating success with hybrid
males in comparison with that of parental males. This is what was found in the field cage tests:
hybrid females showed a significant preference to mate with a hybrid males than with parental
males.

These results suggest that if these populations hybridized in the field, the hybrid females
would tend to mate with hybrid males and this could then lead to the formation of a new entity
within the A. fraterculus complex. This simple and fast process could be one reason for the high
number of taxonomic entities within this complex.
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Figure 1. Percent of mating couples of Anastrepha fraterculus from Argentina, Peru and hybrids found in the
different parts of the tree. @) Bisexual test with both males and females from the two parenta strains.
b) Unisexual test with the parental strains and females from only one strain. ¢) Unisexua test with
parenta and hybrid males and parental females.
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Four New Species of Anastrepha (Diptera: Tephritidae)

Nelson Augusto Canal Daza

Universidad del Tolima, Facultad de Ingenieria Agrondmica, Grupo de Investigacion en Moscas de las Frutas
GIMFRUT., Barrio Santa Helena, Ibagué, Tolima, Colombia. A. A. 546. E-mail; nacanal @ut.edu.co

The genus Anastrepha (Diptera: Tephritidae) is one of the most important pest for Neotropical fruit.
The taxonomy of the genus is wide unknown in Colombia where few systematic surveys had been
done. Four new species are described and they were found in Colombia from surveys and/or
specimens in collections. One of them belongs to A. robusta group; other one is so similar to A.
compresa and A. canalis; the third one has the aculeus tip similar to A. caudata and the last one has
avery thin aculeus, with along and sinuous tip.

Two New Species of Doryctobracon (Hymenoptera: Braconidae: Opiinae) Parasiting
Fruit-Infesting Anastrepha (Diptera: Tephritidae)

Nelson Augusto Canal Daza

Universidad del Tolima, Facultad de Ingenieria Agrondmica, Grupo de Investigacion en Moscas de las Frutas
GIMFRUT., Barrio Santa Helena, Ibagué, Tolima, Colombia. A. A. 546. E-mail; nacanal @ut.edu.co

Insects in the genus Anastrepha (Diptera: Tephritidae) are one of the most important pests for
Neotropical fruits. The biological control is an important approach to be used in Integrated Pest
Magnament Programs. Natural enemies from the Neotropical Region must be found in order to
select the better species to be used. Two new species of Doryctobracon (Hym., Braconidae,
Opiinae) from Brazil and Colombia are described and they were found in surveys looking for
natural enemies of fruit flies. The new species from Colombia is similar to D. zeteki and D.
crawfordi, however, they could be differenced in the body and wing color and/or in the propodeum.
The species from Brazil is related to D. auripennis but they could be diferrenced in the body and
wing color.

Estudio Quimicoy Morfolégico de las Glandulas Salivales Abdominalesy el Epitelio
Pleural de Toxotrypana curvicauda

Norma Robledo’, René Arzuffi', Jorge Valdez?, Federico Castrejon®

Centro de Desarrollo de Productos Bidticos, Ingtituto Politécnico Nacional. Km. 8.5 Carretera Y autepec-
Jojutla, Yautepec, Mordos. C.P. 62731, México. “Colegio de Postgraduados, Entomologia, Km 36.5
Carretera México-Texcoco, Montecillo, Estado de México. C.P. 56230, México.

Las gléndulas salivales abdominales y e epitelio pleural de machos de la mosca de la fruta de la
papaya T. curvicauda fueron estudiados, quimicamente y morfolOgicamente, de hexanicos mediante
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cromatografia de gases/espectrometria de masas y microscopia de luz y microscopia electronica de
transmision, respectivamente. Se identifico la 2-metil-6-vinil pirazina, componente principal de la
feromona sexual, en los extractos hexénicos de glandulas salivales abdominales, pero no en el
epitelio pleural. Los machos de T. curvicauda presentaron dos estructuras globulares esféricas
blancas de masa opaca con numerosas traqueolas, localizadas simétricamente en los segmentos
abdominales 11l y IV muy cercanas alaregion pleural, que correspondieron ala gldndulas salivales
alargadas. Se encontraron también células pleurales alargadas con una cuticula transparente muy
vascularizada, ubicadas en posicion longitudinal a ambos lados del abdomen, en los segmentos 111
a V. En los estudios de morfologia fina de las glandulas salivales abdominales se observaron
numerosas vesiculas secretoras, aparato de Golgi y reticulo endopldsmico rugoso bien
desarrollados, mitocondrias, nucleo excéntrico, traqueolas y una membrana celular con gran
cantidad de pliegues, todos ellos caracteristicos de células de tejido secretor.

Especies de Anastrepha Schiner Identificadas en la Red de Trampeo Contra M oscas
Exoéticas (Jackson y Multilure) en Campeche, M éxico

Abedardo Madera Martin, Gaspar Chi Queh, Samuel Ocampo L 6pez

Comité Edatal de Sanidad Vegeta del Estado de Campeche, Av. Justo Sierra Mendez N° 330, Col. San
Roman C.24040. Campeche, Campeche

En Campeche solo cuatro especies de complegjo Anastrepha se consideran como de importancia
econdmica. A. ludens se le encuentra asociada principalmente a naranja, mandarina y toronja; A.
obliqua es mas comun en mango y frutos del género Spondia; A. striata se le considera que
Unicamente ataca a guayabay A. serpentina ataca a una gran variedad de zapotes en |os que destaca
el mamey y el chicozapote. Otras especies como A. ampliata, A. spatulata, A. pallens A. chiclayae,
A. Sagittata y A. Robusta se han encontrado en cultivos de mango y toronja, mientras que
Anastrepha fraterculus en almendros y mango. El desarrollo del presente trabajo se llevd a cabo
utilizando material biol6gico obtenido en la red de trampeo que se realiza en todo e estado de
Campeche. La identificacion de los gemplares colectados se lleva a cabo en e laboratorio del
Comité con ayuda de un esteroscopio y microscopio, agujas de diseccion y las claves
correspondientes a la familia Tephritidae y @ género Anastrepha Schiner. Mediante claves se
identificaron 7 especies de Anastrepha Schiner: Anastrepha pallens (Coquillett), A. chiclayae
(Greene), A. fraterculus (Wiedemann), A. spatulata ( Stone), A. ampliata (Hernandez), A. robusta
(Greene) y A. sagittata  (Stone). El presente trabajo se realizd con la finalidad de tener un
conocimiento preciso sobre las diferentes especies de Anastrepha presentes en e Estado, 1o cual
ayudard a reconocer la posible introduccion de cualquier mosca exdética que represente un riesgo al
Agro Campechano. Estos resultados son preliminares ya que se continla con la colecta e
identificacion de especimenes.

Determinacion de la Gravidez de Hembras de Anastrepha obliqua con Base en la
Observacion Microscopica de Espermatecas

Liliana Lépez Mufioz, José Lézaro Ovando Figueroa

Subdireccién de Desarrollo de Métodos, Programa Moscamed SAGARPA, Av. Centra Poniente 14, Cal.
Centro, CP 30700, Tapachula, Chiapas, México
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En México, la Campafia M osca de la Fruta a través de sus actividades ha logrado € reconocimiento
de &reas libres de moscas de la fruta en € norte del pais. En e caso de Anastrepha obliqua (Mosca
del mango), la verificacion del grado de madurez de los 6rganos reproductores de la misma debe de
dictaminarse con mayor precision la cual determinara € despliegue de la realizacion del control
integrado en la deteccion de un gemplar silvestre. Considerando o anterior este estudio se realizd
con € objetivo de verificar diferencias morfolégicas entre hembras apareadas fértiles y hembras
apareadas estériles. En hembras fértiles apareadas con machos fértiles y estériles mantenidas en
proteina hidrolizada fue posible determinar la presencia de esperma en la espermateca durante 9
dias. En agua destilada las hembras fértiles apareadas con machos fértiles presentaron espermas
durante 9 dias, no asi las hembras que se aparearon con machos estériles que solo presentaron
espermas durante 8 dias. En alcohol €l tiempo para observar espermas fue de tan solo 7 dias para
ambos tratamientos. En e caso de las hembras mantenidas en seco, los espermas se apreciaron
durante 6 dias para ambos tratamientos. Aunque no se logro realizar e conteo de espermas, se
observo una cantidad mayor en hembras fértiles apareadas con machos fértiles que hembras fértiles
apareadas con machos estériles.Se considera que de acuerdo a los resultados obtenidos, los
dictdmenes no solamente estarén enfocada a la observaci6n de huevos maduros sino que se
complementard la identificacion al observar la presencia o ausencia de espermas, dictaminando asi

si la hembra se encuentra copulada o no, dando como resultado a hembras con huevecillos maduros
copuladas o hembras con huevecillos sin copular.

Description of the Third Instar Larvae of Anastrepha leptozona Hendel (Diptera:
Tephritidae)

Danie Frias Lasserre’, Vicente Herndndez Ortiz, Liliana L 6pez Mufioz®

Y nstituto de Entomol ogia, Universidad Metropolitana de Ciencias dela Educacion, Av. J. P. Alessandri 774,
CP 7760197, Santiago, Chile. E-mail: danid.frias@umce.dl; %Instituto de Ecologia, Km.2.5 Carretera Antigua
a Coatepec, Congregacion El Haya 91070 Xalapa, Veracruz, México; *Programa Moscamed, Central Poniente

14, Cal. Centro, CP 30700 Tapachula, Chiapas, México.

Anasterpha leptozona is a species widely distributed throught the Neotropical region. In
this work we made a detailed description of the morphology of the third instar larvae for the
first time. Studied specimens were collected infesting fruits of Micropholis mexicana in the
so-caled “El Bucaro” neighborhood of Huehuetan, Chiapas, Mexico. Samples were
prepared to be observed in scanning electron microscopy (SEM). The antenno-maxillary
complex, ora ridge, labium, stomal sensory organ, cephalopharyngeal skeleton, anterior
and posterior spiracles and caudal segment are described and illustrated. Mature larvae
presented a “ventral sclerite” bellow the pharyngeal sclerite which is characterized by the
first time in Anastrepha species. The labium has two papilla sensilla which have not been
previously described in other mature larvae of the genus.
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Reproductive Phenology of Four Anastrepha spp. (Diptera: Tephritidae) in the
Fraterculus Group in Southern Bahia, Brazil

Vivian S. Dutra®?, Mirian S. Santos', Daniela B. Vidal*, Elton L. Araujo', Mauricio Cetra®, Janisete
G. Silvat

YUniversidade Estadual de Santa Cruz, ?Ingtituto Nacional de Pesquisas da Amazonia, *Universidade Federal
Rural do Semi-Arido

The phenology of reproduction is one of the key traits of an organism’s life history. However, there
is a paucity of information on reproductive phenology of Anastrepha under natural conditions. This
information is important for the efficiency of fruit fly control programs. We documented the
reproductive phenology of four Anastrepha species in the fraterculus group, A. fraterculus, A.
obliqua, A. sororcula, and A. zenildae in southern Bahia, Brazil. Our study site was an organic
guava orchard of 0.5 ha within a 30 ha farm located in Una, Bahia and surrounded by mature
coastal rainforest. The orchard is comprised of 57 trees of P. guajava cv Paluma, and the treesin the
orchard are interspersed with banana, cacao, cassava and rubber trees. Fruit fly captures were
carried out using 10 plastic McPhail traps baited with protein hydrolisate at 5% and serviced on a
weekly basis (7-d intervals). The sampling was carried out from March 2005 through March 2007.
All captured adult female fruit flies were individually identified and dissected. The oocytes were
measured, counted and those longer than 1 mm were considered mature. A total of 10,312 females
of A. fraterculus, A. obliqua, A. sororcula, and A. zenildae, were captured. We observed peaks in
adult population levels preceding and following peaks in guava production from March to May in
each year. A total of 102,579 oocytes was counted and measured for the four Anastrepha species.
Most A. fraterculus (54.6%), A. obliqua (63.3%), A. sororcula (25.9%), and A. zenildae (47.9%)
females trapped were gravid. Most A. fraterculus (41.3%), A. sororcula (53.8%) and A. zenildae
(45.6%) mature flies were found to carry between one and ten oocytes. Most A. abliqua females
(31.6%) carried from 11 to 20 oocytes. Activity subsided in the winter due to fewer fruit available,
higher pluviosity and lower temperatures.

Longevity-Fertility Trade-offsin Anastrepha ludens, Across Dietary-Restriction
Gradients

James R. Carey”, Pablo Liedo®, Azucena Oropeza’

! Department of Entomology, University of California, Davis, CA, USA 95616.
2 El Colegio de la Frontera Sur (ECOSUR), Tapachula, Chiapas, México.

Adult food, based on hydrolyzed enzymatic yeast plus sugar (1:3 ratio) favors fruit fly
sexual maturity, acting as a trigger of reproduction. Contrary, the reduction of yeast in the diet
delays reproduction and increases longevity. To understand the relationship between longevity
and reproduction, as is affected by nutrition, we evaluated 4,800 Anastrepha ludens adults,
assessing survival in both sexes and female reproduction. These adults were individually exposed
to one of 20 diets, combining four Y east: Sugar (Y:S) ratios (1:3, 1:9, 1:24 and only sugar) plus 4
starvation controls. Data generated during the 3-year study represents approximately 100,000
day-flies of each sex and 750,000 eggs laid by 2,400 females. The fertility and longevity-
extending responses were used to create contour maps (X-Y grid) that show the demographic
responses (Z-axis) across dietary gradients that range from complete starvation to both ad libitum
sugar-only and ad libitum standard diet (3:1 sugar-to-yeast). Our results showed demographic
equivalencies along nutritional gradients, differences in the graded responses of males and
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females, and egg production costs that are sensitive to the interaction of food amounts and
congtituents. The fact that maximum longevity and maximum reproduction occur at different
nutritional combinations, challenge the development of optimal diets to improve sterile male
performancein SIT programs.

(This presentation is part of the paper “Longevity-Fertility Trade-offsin the Tephritid Fruit Fly, Anastrepha
ludens, across Dietary-restriction Gradients’ published in Aging Cdll. Vol. 7: 470-477[(2008])

Efecto de Biopeliculas a Base de Quitosan sobre el Desarrollo del Huevoy Larva de
Anastrepha ludens en Frutos de Mangifera indica Cv. Ataulfo

Carmen Ventura-Gonzélez', Emilio Hernéndez?, Lourdes Adriano Anaya', Miguel Salvador
Figueroa'

Centro de Biociencias, Universidad Auténoma de Chiapas. Carretera Puerto Madero Km 2.5. Tapachula,
Chiapas.msal vad@hotmail.com.? Programa Moscafrut, Subdireccion de Desarrollo de Métodos. Metapa de
Dominguez, Chiapas.

L os mangos que M éxico exporta estan sujetos a regulaciones de cuarentena por presencia de plagas
y enfermedades. La hidrotermia es el tratamiento recomendado. Una reciente aplicacién es el uso de
recubrimientos con diferentes polimeros. Trabajos previos han demostrado que € quitosan al ser
aplicado como bio-pelicula alarga la vida de anaquel, reduce los microorganismos e inhibe €
desarrollo de huevos de Anastrepha ludens. El objetivo del presente trabajo fue determinar €l efecto
del quitosan sobre & desarrollo de huevos y larvas de primer, segundo y tercer estadio de A. ludens
en frutos de mango cv. Ataulfo. Mangos de tres cuartos de madurez se infestaron durante 4h. Los
tratamientos estuvieron determinados por € tiempo en el cua se aplico € biorrecubrimiento: 5y
48h para d estadio de huevo y 6, 9 y 11 dias para los estadios de larvas de primero, segundo y
tercer, respectivamente. Como control se utilizaron frutos infestados sin biorrecubrimiento. Los
tratamientos se desarrollaron a 26°C hasta completar € desarrollo larvario. Los resultados
mostraron un 100% de mortalidad en huevo de 5 y 48 horas de edad y en larvas de primer estadio.
En segundo y tercer estadio larval la mortalidad fue de 94% y 0.07%. La falta de desarrollo de
huevos y larvas de primero y segundo estadio pudo haber sido ocasionado por la modificacién en la
transferencia de masas (oxigeno, agua, etcétera). La ausencia de efecto sobre larvas de tercer estadio
se debid, primordialmente, a estado de deterioro del fruto, lo que impidié la formacion uniforme
de la biopdicula. Las sobrevivientes de segundo estadio presentaron menor porcentaje de pupacion
(F=9.65,91=2,45,P<0.0003), de voladoras (F= 78.03, P<0.0001) y de emergencia (F= 0.85,
0l=2,45,P<0.04306) causado, probablemente, por anoxia 'y no se observo diferencia significativa en
peso de larva (F=1.77,91=2,45, P<0.1806) y de pupa (F=0.0053,91=2,45,P<0.9948).

Differencesin Sexual Maturation among Several Strains of Anastrepha fraterculus
(Diptera: Tephritidae)
Patricia A. Peralta, Diego F. Segura, Fabian H. Milla, Jorge L. Cladera

IGEAF, INTA Cagdar, Buenos Aires, Argentina. pperalta@cnia.inta.gov.ar

40



Sexual maturation is arelatively long process in Anastrepha males. This produces an increase in the
costs to apply the Sterile Insect Technique (SIT) because the flies must be maintained in laboratory
conditions for several days before released. Our objective was to study the duration of sexual
maturation process in different mutant strains in Anastrepha fraterculus and to study the
heredability of this trait. We also analyzed the effect of the juvenile hormone treatment on the
sexual maturation on males from some of the mutant strains. To estimate sexual maturity we
visually observed the sexual behavior of males at different ages, after offering them sexually mature
virgin females. The percentage of males that mated at different ages was the variable under study.
We studied five strains: an eye color mutant (#3210), a body color mutant (#3312), two wild-type
strains with different inbreeding levels (#2975 and L-TUC) and a wild population (W-TUC). We
found that males from strain 3210 have a significantly shorter (than the others) pre-copulatory
period. The wild population showed longer times than the two wild-type laboratory strains, which
were not different. Topical applications of the juvenile hormone analog, methoprene, to newly
emerged males showed an additional reduction in the time needed for #3210 males to reach sexual
maturity. These results encourage the use of this strain of A. fraterculus as a model to study the
inheritance of the sexual maturation and as a potential laboratory strain to develop SIT for this fruit

fly.

Exposureto Guava I ncreases M ale Sexual Competitivenessin the South American
Fruit Fly, Anastrepha fraterculus

M. J. Ruiz, %, A. Oviedo', S. Abraham™, M. Mendoza', D. F. Segura’, N. A. Kouloussis', E.
Willink, M. T. Vera™.

YEstacion Experimental Agroindustrial Obispo Colombres, Tucuman Argentina.
2CONICET, Argentina; ®Instituto de Genética, INTA Castelar, Buenos Aires, Argentina.
*Aristotle University of Thessaloniki, 54124 Greece.

Exposure to plants has been shown to influence sexual behavior in a number of phytophagous insect
species. Here we examined the effect of fruit exposure on the mating competitiveness of male
Anastrepha fraterculus, by evaluating six fruit types, different durations of exposure and the need of
physical contact with the fruit. In grapefruit, lemon, and orange males were exposed to essential oils
emanating from glands in the flavedo area, whereas mango, papaya and guava were cut in halves so
that males had access to the pulp. To run a test ten treated males, ten unexposed control males, and
ten females were placed in plexiglass cages and the number of couples obtained for each male type
was monitored for two hours. Results showed that exposure to guava increased sexual performance,
whereas exposure to lemon and grapefruit decreased it. Different exposures of 1, 5, 10 or 15 days to
mango had no effect on male competitiveness, whereas in lemon exposures longer than one day
eliminated the detrimental impact on mating competitiveness. The duration of exposure on guavas
had also an effect, but this varied between replicates and two categories of males used (wild and
laboratory). Mating advantage did not require physical contact with guava and the possible
ingestion of fruit compounds, since plain exposure to volatiles ensured the effect on mating
competitiveness. The possibility of implementing guavas to enhance A. fraterculus male sexual
competitiveness in control operations and the potential role of the compound a-copane are
discussed.
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Impact of Adult Feeding on Fertility, Fecundity and Survival of Anastrepha
fraterculus, Wiedemann (Diptera: Tephritidae)

A. Oviedo', E. Willink®, D. Nestel?, N. Papadopoulous®, M. T. Vera™

'Estacion Experimental Agroindustrial Obispo Colombres, Tucumén Argentina; “Dept. of Entomol ogy,
Ingtitute of Plant Protection, ARO, The Volcani Center, Beit-Dagan, |sradl; *Department of Agriculture, Crop
Production and Rura Environment, University of Thessaly, Greece; “CONICET, Argentina.

Adult insects can compensate from deficient diets by balancing nutrient intake; however, this is
energetically demanding. Aiming at maximizing fitness components of Anastrepha fraterculus
rearing, we evaluated diets of different nutritional values and delivery schedules. Individual intake
was measured daily for two weeks following adult emergence as a direct indicator of food
consumption and ability to select and discern nutrients. Five options were evaluated: sugar only,
protein only, a combination of sugar and protein (3:1), the same combination with an extra source
of sugar, and sugar and protein offered separately. Then, we set up cohort cages with 100 couples.
Two food sources were evaluated: sugar or the standard diet (sugar, hydrolyzed yeast, hydrolyzed
corn, and vitamins), which were provided either alone or in a combined form in two delivery plates.
Based on the diet provided and the period of food exposure we established six treatments. The first
set of experiments revealed that, for both sexes, the cumulative sugar intake was higher for flies
which were offered sugar and protein in separate plates compared to those were the nutrients were
given in combination (same plate). In cohort cages, flies provided with the standard diet and
complemented with an additional source of sugar lived longer than control cages. Fecundity was
reduced in flies deprived from a protein source from day O to 4. Females offered the two food
sources on different delivery plates exhibited increased fecundity, twice as much as those of the
control cages. Our results suggest that (a) adult physiological needs drive food sdlection, and (b)
providing protein and sugar mixed is detrimental for both fecundity and longevity. We propose that
complementing the diet with an additional sugar source may increase production and reduce the
amounts of protein used at the rearing facilities.

Characterization of Genetic Variability in Ceratitis capitata Strains Using RAPD and
Microsatellite Markers

M. L. Juri®, S. Lanzavecchia®, M. M. Viscarret?, J. L. Cladera’.

Y nstituto de Genética Ewald A. Favret, Instituto Nacional de Tecnologia Agropecuaria (INTA). Aristizabal y
El Nandu, Hurlingham, Buenos Aires, Argentina. %Instituto de Microbiologiay Zoologia Agricola (IMY ZA),
INTA. Las Cabafiasy De Los Reseros, B1712WAA Castelar, Buenos Aires, Argentina. Email:
marianela 79@yahoo.com.ar

Flies of the family Tephritidae are mass-reared under laboratory conditions in order to be used in
control strategies. This process involves genetic changes due to the adaptation of the individuals to
an artificial environment, with lost of phenotypic and behavioural traits related to their performance
inthefield. The estimation of genetic diversity is considered a powerful tool to measure the genetic
potential of strains, and may be useful for monitoring the fitness of insects to guarantee their
competitiveness in the field. In the present work we analyzed the genetic variability of two
laboratory strains and one wild population of Ceratitis capitata (Diptera: Tephritidae). DNA from
10 Individual flies was studied using RAPD and microsatellite markers. The RAPD
oligonucleotides AAQL, NO4, AA3, AM9, AG7, AG12 and O06 were tested, and 20 out of 68
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RAPD loci were selected by Fst analysis, finding in average 65 % polymorphic loci in the
populations. The microsatdllite loci ccmic6, ccmic?, ccmic8, ccmic9 and ccmicl4 were tested. The
number of observed alleles across loci ranged from 2 to 6. Several characteristic aleles were
identified in each population. The analysis of the allele frequencies, using both markers, showed
significant differentiation (p<0.05) between the laboratory strains and the wild population. The
AMOVA analysis indicated that the 80% of the variahility is found among individuals within each
population. This result could be explained because these markers present high level of
polymorphism and are no linked to genes involved in the fithess in the field. This work represents
the first attempt to study insect quality under laboratory rearing conditions, using molecular
markers.

C-Banding and Fluorescencein situ Hybridization in
Diachasmimorpha longicaudata (Hymenoptera: Braconidae)

L. Z. Carabajal Paladino®’, M. J. Bressa’ , S. Lanzavecchia', A.G. Papeschi?', J. L. Cladera’

!_aboratorio de Genética de Insectos, Ingtituto de Genética“Ewald A. Favret”, INTA, Castelar. Las Cabafias
y De Los Reseros, B1712WAA Castelar, Buenos Aires, Argentina; 2L aboratorio de Citogenéticay Evolucion,
Depto. de Ecologia, Genéticay Evolucion, FCEN, UBA; “ members of CONICET; E-mail:
|carabajal @cnia.inta.gov.ar

In parasitoids of economic importance the cytogenetic characterization may help in a correct
identification of the species, improving their application in Biological Control (BC) programs. The
better knowledge of the chromosomes’ morphology and composition also enables the localization
of genes of interest in the karyotype, for instance, those involved in sex determination. Cytogenetic
reports in endoparasitoids are relatively scarce because the immature stages of development occur
inside the puparium of the host, making it difficult to obtain cells at the appropriate developmental
time for chromosome studies. Diachasmimorpha longicaudata is a hymenopteran parasitoid widely
used in BC strategies against fruit flies, that can be considered a model organism to perform genetic
studies. In time, these studies could be extended to other solitary parasitoids whose rearing in
artificial conditions is more limited. Our cytogenetic studies in D. longicaudata confirmed that
females have 2n=40 chromosomes and males n=20 chromosomes (15 metacentrics-submetacentrics
and 5 telocentrics). The C-banding pattern consists of pericentric heterochromatic blocks, and
reveals the presence of “pseudoacrocentric’ chromosomes (acrocentric chromosomes with a
completely heterochromatic short arm). Fluorescence in situ hybridization with an autol ogous probe
of 18S rDNA revealed 6 nucleolar organizing regions in the haploid complement. These data
provide precise cytogenetic information that will help to localize specific genes in the karyotype of
D. longicaudata.

Characterization of a Genomic Region in Diachasmimorpha longicaudata
(Hymenoptera: Braconidae) Based on Sequences Involved in Sex Determination in
Honeybee

S. Lanzavecchia’, L. Carabajal Paladino®, C. Conte', R. Zandomeni?, J. L. Cladera®

Ynstituto de Genética Ewald A. Favret, Instituto Nacional de Tecnologia Agropecuaria (INTA). Aristizabal y
El Nandu, Hurlingham, Buenos Aires, Argentina; 2Instituto de Microbiologiay Zoologia Agricola (IMYZA),
INTA. Las Cabafiasy De Los Reseras, B1712WAA Castelar, Buenos Aires, Argentina. E-mail:
slanzavecchia@cnia.inta.gov.ar
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Haplodiploidism, i.e. the presence of haploid males developed from unfertilized eggs and diploid
females derived from fertilized eggs, is the rule in Hymenoptera, although, in some species, diploid
males have been reported. Different mechanisms have been postulated to explain the sex
determination, being the csd (complementary sex determiner) system in Apis mdlifera
(Hymenoptera: Apidae) the best characterized. This mechanism is mediated by complementary
aleles for a single locus. Under this system females are heterozigous and males are hemizygous
(haploid) or homozygous (diploid) for csd. The present work describes the characterization of a
genomic region in the parasitoid Diachasmimorpha longicaudata (Hymenoptera: Braconidae),
based on available DNA sequences and primers from A. mellifera. DNAs from individual wasps
were purified, and 750 bp long PCR fragments were amplified. PCR products from 27 individuals
were purified, sequenced and assembled in a consensus sequence. Conserved nucleotide sequences
were observed. Only one A/T base change was found. This base change could be detected digesting
the PCR fragment with the restriction enzyme Mboll. Mendelian inheritance of the two sequence
variants in the haploid progeny was observed. Preliminary analysis of sex association showed 7 out
of 11 heterozygous females. The evaluation of another region in D. longicaudata genome, likely to
be linked to the first one studied, isin progress. Sex association is expected using the data obtained
from both regions. A study of isofemale lines, about the sex ratio, and the inheritance of these
genomic regions, has also been started. Our work represents the first approach in the study of sex
determination at molecular level in this species widely used as a biological control agent of fruit
flies.

Reproductive | solation among Populations of Rhagoletis pomonellain M exico
Juan Rull !, Martin Aluja*, Jeffrey L. Feder %, Eduardo Tadeo"?, Bricia Gonzélez-Luna™®

Y nstituto de Ecologia, A.C., Apartado Postal 63, C.P. 91000 Xalapa, Veracruz
2 Department of Biological Sciences, University of Notre Dame, Notre Dame, Indiana 46556-0369; * Ingtituto
de Neuroetol ogia, Universidad Veracruzana

Four ecologically and genetically distinct R. pomonella populations that exploit hosts adapted to
different environments across a geographical range spanning from South Eastern Canada to Chiapas
Mexico have been discovered. Such populations vary in degree of genetic similarity, and although
there is evidence of past gene flow, nothing is known about their current reproductive status. We
conducted a series of laboratory experiments aimed to determine if parapatric and allopatric
populations of R. pomonella are reproductively isolated among themselves. Crossing experiments
revealed some form of prezygotic reproductive isolation between flies exploiting late fruiting
hawthorns in the Mexican Trans Volcanic Belt, parapatric populations in the Sierra Madre Oriental,
and allopatric US and Chiapas populations. We aso detected different degrees of genetic
incompatibility resulting in some combinations unable to produce F1 hybrids, and others unable to
produce F2 hybrids (US males and Chiapas females). Such findings might be explained by range
contraction and contact of R. pomonella populations during early Pleistocene glaciations, followed
by expansion and appearance of geographical barriers during the middle Pleistocene.



Random Mating among Allopatric and Ecologically Distinct Populations of
Anastrepha ludens (Diptera: Tephritidae) in M exico

Martin Aluja’, Juan Rull!, Diana Pérez-Staples’, Francisco Diaz-Fleischer?, John Sivinski®, Andrea
Birke™*

Ynstituto de Ecologia, A.C., Apartado Postal 63, C.P. 91000 Xalapa, Veracruz, Mexico; 2LABIOTECA,
Universidad Veracruzana, Apartado Postal 250, C.P. 91090; Xalapa, Veracruz, Mexico; *Center for Medical,
Agricultural & Veterinary Entomology, 1600/1700 SW 23 Gainesville, Florida 32608, USA; * Intituto de
Neuroetologia, Universidad Veracruzana

Anastrepha ludens (Loew) (Diptera: Tephritidae), the Mexican Fruit Fly, is a polyphagous
pestiferous species with a distribution range encompassing variable environmental conditions.
Considering that cryptic species have been found among South American representatives of the
same taxonomic group, we tested whether or not A. ludens adults have evolved assortative mating
as an isolating mechanism that maintains intrapopulation genetic differences and behavioral
adaptations to local conditions. Males and females recovered from infested fruit from widely
separated locations (Atlantic and Pacific) with similar environmental conditions and males and
females stemming from populations within individual-flight range, but collected in different hosts
(native and exoatic), mated randomly amongst themselves in a field cage. Despite the fact that
sibling males and females from two distinct populations also mated randomly amongst themselves,
siblings engaged in significantly longer copulations than non-siblings, indicating perhaps that adults
discriminated against mates with similar genetic compositions. In view of an ongoing area-wide A.
ludens eradication campaign in Mexico, our results have important practical implications.

Reproductive Trade-Offsfrom Mating with a Successful Male: The Case of the
Tephritid Fly Anastrepha obliqua

Diana Perez-Staples™®, Martin Aluja’, Rogelio Macias-Ordofiez", John Sivinski?, Delia Garibay-
Benitez*

! Ingtituto de Ecologia, A.C. Apartado Postal 63, C.P. 91000 Xalapa, Veracruz,
M éxico, (dianuxperez@gmail.com); 2 Center for Medica, Agricultural & Veterinary Entomology, USDA-
ARS, 1600/1700, SW 23" Drive, Gainesville, Florida 32608, USA; ° Current address: Ingtituto de
Biotecnologia y Ecologia Aplicada, Universidad Veracruzana, Xaapa, Veracruz, México

In lekking species, females may become sperm-limited when mating with sexually successful males
and this may be exacerbated by a poor male diet. Polygynous males may also be limited by the
amount of accessory gland products (AGPs) they can transmit to females, which in turn may
influence the females' refractory period and longevity. Here, we tested the effect of male mating
history, larval and adult diet on copula duration, mating intervals, female fecundity, fertilisation
success, life-span and likelihood to remate using sexually successful males of the lekking tephritid
fly Anastrepha obliqua. Flies originated from either a native or exotic host fruit and were protein
fed or deprived. Male diet and larval host influenced copula duration, while the time elapsed
between matings was affected by the interaction of mating order and male adult diet. Female
fecundity was not influenced by female paosition in mating order or protein inclusion into the male
diet. However, mating order and male larval diet influenced female fertilisation success.
Importantly, as males mated successively they were less able to induce a refractory period on
females, as the last females to mate with a male where more likely to remate, and had slightly
longer life spans than the first females to mate with males. These results might be attributed to a
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decrease in male AGPs with increasing male mating frequency. We discuss the role of conditional
expression of male mating frequency with respect to A. obliqua’s life history, the trade-off that
females face when mating with a successful male, the effect of larval diet on adult sexual
performance and well as the possibility for sexual conflict to occur due to high male mating rates
and fitness costs to femal es.

Especies Nuevas del Género Anastrepha Schiner, (Diptera: Tephritidae) en Ecuador

Juan O. Tigrero S.

Escuela Palitécnica del Ejército, Departamento Ciencias dela Vida, Carrera de Ciencias Agropecuarias
(IASA 1), Laboratorio de Entomologia. Sangolqui — Ecuador. PO Box. 171-5-231-B. E-mail:
jotigrero@espe.edu.ec

Tres nuevas especies de moscas de la fruta registradas en Ecuador, son descritas: Anastrepha
tsachila encontrada en Alluriquin, cantén Santo Domingo de los Colorados, provincia de Pichincha,
atacando a frutos de Gloeospermun grandifolium Hekking (Violaceae); Anastrepha rolliniana
encontrada en la localidad de Palora, provincia de Morona Santiago, atacando a frutos de Rollinia
mucosa (Jacg.) Baillon (Annonaceae), y Anastrepha mikuymono, encontrada en € sector Sacha,
provincia de Orellana, atacando a frutos de Pouteria sp. (Sapotaceae). A. tsachila pertenece al grupo
fraterculus, especie de tamafio medio, metanoto y sub escutellum claros, pero en la base del primero
la coloracion amarillenta es mas opaca, dpice del aculeus con dientes estriados. A. rolliniana,
perteneciente al grupo faterculus, especie de tamario grande, se caracteriza por tener las tres bandas
unidas, banda en S con una incision en su base, vena M notoriamente curvada en e 4pice. A.
mikuymono, perteneciente al grupo leptozona, especie de tamafio medio, color amarillento, cabeza
con un solo par de setas orbitales superiores, ala con las tres bandas tipicas, separadas; vena M sin
curvatura en € apice, brazo interno de la banda en V bien proyectado hacia atras, pero sin llegar a
topar labandaen S.
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Biodemografia de la M osca M exicana de la Fruta: Avancesen el Conocimiento e
Implicaciones para los Programas de Manegjo

José Pablo Liedo Fernandez

El Colegio de laFrontera Sur, Carretera Antiguo Aeropuerto Km. 2.5, Tapachula, Chiapas, México C.P.
30700. pliedo@ecosur.mx

Se presentan los resultados sobre investigaciones recientes realizadas en condiciones de
laboratorio con la mosca Mexicana de la fruta Anastrepha ludens. El objetivo fue el de
determinar los rasgos biodemogréaficos caracteristicos de esta especie, su comparacion
con la mosca del Mediterraneo, asi como determinar el papel que juega la nutricion en la
fecundidad y sobrevivencia de esta especie.

A partir del seguimiento de un total de 1100 hembras mantenidas en jaulas
individuales se determind la edad a la madurez sexual, las tasas de fecundidad diariay a
lo largo de todala vida, asi como lalongevidad.

Nuestros resultados revelan que, con relacion a la mosca del Mediterraneo,
Ceratitis capitata, la mosca Mexicana es una especie més lenta en madurar (14 vs. 17
dias), mas fecunda (1100 vs 1400 huevos por hembra), y més longeva (35 vs. 50 dias).

Estos resultados confirman la generalidad de ciertos descubrimientos hechos con
la mosca del Mediterraneo, como la desaceleracion de la mortalidad en edades avanzadas,
y la débil correlaciéon entre produccién de huevos a edad temprana, con la subsecuente
reproduccion y lalongevidad (el “costo de la reproduccion”).

Las investigaciones sobre el efecto de la nutricion, confirmaron que la dieta tiene
un efecto determinante sobre la fecundidad y sobre la longevidad. Los efectos sobre la
longevidad fueron diferentes entre machos y hembras. Las condiciones de alimentacién
gue maximizaron la fecundidad, resultaron diferentes de aguellas que maximizaron la
longevidad de las hembras.

Se discutird sobre las implicaciones que estos conocimientos biodemograficos
pueden tener para los programas operativos de manejo.
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Divergence and Distribution of Fruit Fliesin the Genus Rhagoletisin M exico
Juan Rull*, Martin Aluja’, Jeffrey L. Feder®

Y nstituto de Ecologia, A.C., Apartado Postal 63, C.P. 91000 Xalapa, Veracruz
2 Department of Biological Sciences, University of Notre Dame, Notre Dame, Indiana 46556-0369

The genus Rhagoletis, was for a long time at the center of a heated debate about the relative
importance of different speciation modes. Additionally, the economic importance of some species
in the genus has generated numerous studies on the biology and behavior of these flies.
Altogether, Rhagoletis pomonella is probably the best known Tephritidae species in the word.
Despite this fact, little work has been done on the genus outside Chile and South of the U.S.-
Mexican border since 1966. Recent work in Mexico has revealed surprising contributions to our
knowledge of sympatric speciation events documented and debated in Northeastern U.S. for the
past 30 years, reconciling conflicting geographic views about speciation modes. Here we
summarize results of work carried out in México over the past seven years in order to establish
distribution, divergence, and behavior of flies in the genus Rhagoletis and their natural enemies.

Sympatric speciation and the apple maggot fly

Sympatric speciation is the splitting of one evolutionary lineage into two without the occurrence
of geographic isolation. In 1860, Benjamin Walsh postulated that the shift of Rhagoletis
pomonella from native hawthorns to introduced apples was the initial stage of a process leading to
speciation. He later proposed that phytophagous insects often speciate through host race
formation. The R. pomonella case spearheaded a heated debate about the relative importance of
different geographic speciation modes (allopatric vs. sympatric) that lasted for half a century. The
R. pomonella speciation story stood the debate and served to prove that sympatric speciation is
possible for phytophagous insects that exhibit host specific mating, host fidelity, and fitness trade-
offsin novel and ancestral hosts (see Berlocher & Feder 2002 for areview).

The genus Rhagoletis in Mexico: 1966-2003

Research on fruit flies in México focused on the genus Anastrapha from the end of the 19"
century to 1966 (reviwed in Aluja 2000). In 1966 Bush (1966) reported R.pomonella in native
hawthorns and apples in central Mexico, and described Rhagoletis zoqui, a species associated to
walnuts in Hidalgo. Padilla (1964) reported a fly in the genus Rhagoletis associated to black
cherries in Texcoco which was later identified as R. nr cingulata by Foote (1981). Hernandez-
Ortiz (1985; 1993) later decribed Rhagoletis turpiniae associated to Turpinia insignis in
Veracruz, Rhagoletis ramosae associated to walnuts in Guerrero and Michoacan, and Rhagoletis
solanophaga associated to Solanum in Veracruz (Hernandez-Ortiz and Frias 1999). Aluja et al.
(2001) reported the only study of a behavioral nature in México for three species in the genus plus
a paper touching on distribution of R. pomonella and its natural enemiesin Veracruz (Aluja et al.
2000).

Allopatric origins of genetic variation allow sympatric speciation.

Just after a number of valid cases of sympatric speciation through host race formation in several
insect taxa were made available through research efforts over a couple of decades suggesting that
this process may occur more often than it was thought before in nature (reviewed in Drés and
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Mallet 2000), a molecular study of R. pomonella populations that included individuals from the
central Mexican Altiplano, revealed that the genetic variation allowing flies in the pomonella
group to adapt to hosts of different fruiting phenologies had its origins among allopatric
populations of the central Altiplano in México. Diapause variation contained in chromosome
inversions could be traced to Mexican populations by means of discovery of a N-S cline
evidencing past geneflow from México to North Eastern U.S. (Feder et al. 2003).

A second Mexican population may have served as a conduit for Altiplano inversions
reaching the U.S

A second population of Rhagoletis pomonella in Mexico, serving as a conduit for chromosome
inversions containing diapause variation was discovered and sequenced in 2005 (Feder et al.
2005). Genetic regions contained in inversions were found to be more recalcitrant to introgression
than other regions of the genome, suggesting a story of isolation, secondary contact and
introgression.

Distribution and divergence of R. pomonella in M éxico.

A comprehensive study on distribution, host range and phenology of R. pomonella in México
(Rull et al. 2006) revealed the existence of three ecologically distinct populations in México. A
population exploiting late fruiting hawthorns in the Eje Volcanico Trans Méxicano, ranging from
Puebla to Jalisco exhibiting long diapause schedules adapted to the late fruiting phenology of its
hosts. A second population exploiting several native species of early fruiting hawthorns on the
Mexican Sierra Madre Oriental from Veracruz to Coahuila, and an isolated population in Chiapas
exploiting late fruiting hawthorns and exhibiting long diapause. The three populations are
genetically distinct, and differ in genetic composition in different degrees from U.S. populations
(Xieet al. 2007; Michel et al. 2007). A comprehensive phylogeny of the pomonella species group
including M exican populations later confirmed hypotheses about plural speciation mode allowing
divergencein the group (Xie et al. 2008).

Cascading differentiation acrosstrophic levels.

A recent unpublished study (Rull et al. unpublished) dealing with distribution and phenology of
parasitoids associated to hawthorn infesting Rhagoletis in México revealed important differences
in parasitoid guild composition and parasitism rates across the whole R. pomonella ditributional
range. More importantly, some parasitoid species found across the entire fly range (notably
Utetes canaliculatus) have evolved diapause regimes closely matching those of the different fly
populations they exploit. Pending genetic analysis will reveal if differentiation among populations
of these species matches the story unraveled for their hosts.

Evolution of reproductive isolation among Mexican and U.S. populations.

Unpublished crossing experiments (Rull et al. unpublished) have revealed some degree of
reproductive incompatibility among EVTM flies and other populations, and between Chiapas and
U.S populations.

Current studies are underway to establish the range and degree of ecological divergence among

Black Cherry and Walnut infesting flies in the genus Rhagoletis in México, such studies will
hopefully allow to widen our understanding of the evolutionary history of the whole group and
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complemented with genetic studies and studies of reproductive compatibility will allow us to
better understand speciation events in phytphagous specialist insect groups.
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Diurnal Resource Usein a Tree Canopy by Wild, and Fertile and Sterile M ass-
Reared Queendand Fruit Flies, Bactrocera tryoni
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Sterile insect technique (SIT) is a cornerstone for area-wide control of Queensland fruit flies (Q-
flies) in Australia. Effective SIT programs are entirely dependent on the ability of released flies
to (1) survive in the field and (2) find and mate with wild flies. However, the mass-rearing
environment used to produce the millions of flies required each week for SIT may produce sterile
flies that are not adequately capable of either key task. Surprisingly, to date, there has been no
direct measurement of the ability of sterile Q-flies to adjust to field conditions. We assessed the
diurnal spatial distribution and microclimates favored by wild, fertile mass-reared, and sterile
mass-reared Q-flies, and their survival, in potted citrus trees within field cages. Feeding behavior
of wild, and mass-reared fertile and sterile Q-flies was strongly associated with the upper surface
of leaves. Height of all Q-fly types varied during the day. Mean height was highest at dusk, and
lowest at midday (the hottest part of the day), but mean height of sterile flies throughout the day
varied less than that of wild flies. Mass-reared flies were found in locations that were cooler and
darker than those used by wild flies at midday. Survival of fertile and sterile mass-reared flies
was lower than that of wild Q-flies. Our results to date suggest that physical microenvironment
of sterile Q-flies differs from that of wild flies, and that this could contribute to poor performance
in thefield following release.

Efecto del Fruto Hospedero y Coespecificos sobre la Liberacion de Feromona Sexual
en Toxotrypana curvicauda

René Arzuffi, Norma Robledo

Centro de Desarrollo de Productos Bidticos, Instituto Politécnico Nacional. Km. 8.5 Carretera Y autepec-
Jojutla, Yautepec, Morelos. C.P. 62731, México

En este trabajo se estudié € efecto de la edad, fruto hospedero, coespecificos y fruto con
coespecificos, sobre la liberacion de la feromona sexual de T. curvicauda. Se formaron 6 grupos
de machos. En un grupo (control) los individuos se mantuvieron en aislamiento visual y olfativo
durante & tiempo en que se realizaron las mediciones para evaluar € efecto de la edad; en los
siguientes grupos cada macho fue colocado durante 1 h en un recipiente de acrilico, antes de
capturar con fibra SPME los volatiles emitidos, bajo una de las siguientes condiciones: con un
fruto hospedero (F), 2 hembras (2H), 2 machos (2M), 2 hembras + fruto (2H+F) 6 2 machos +
fruto (2M+F). En todos los grupos, se capturo la 2,6-metilvinilpirazina (2,6-mvp) durante 3 h, los
13 dias posteriores a la emergencia de los machos. La 2,6-mvp se identificé y cuantificd con un

54



cromatografo de gases acoplado a espectrometro de masas. Todos los grupos presentaron un
mismo patron temporal de liberacién los primeros 5 dias. La liberacién méaxima de 2,6-mvp en €
grupo control se present6 e dia 7, mientras que en los grupos F, 2H, 2M, 2H+F y 2M+F se
presentd los dias 13, 11, 5, 3 y 3, respectivamente. Solo los grupos 2H y 2H+F liberaron una
cantidad significativa mayor de 2,6-mvp que e control. Se encontré una interaccién significativa
entre e tratamiento y la edad de los machos en los grupos F, 2H y 2M.

Influencia dela Edad, Hora del Diay Tipo de Planta en el Comportamiento de
Toxotrypana curvicauda

Patricia Villa-Ayala, Alfredo Jiménez-Pérez, Federico Castrgén Ayala

Centro de Desarrollo de Productos Bidticos del Instituto Politécnico Nacional.
Carretera Y autepec, Jojutla Km. 8.5 Cal. San Isdro Yautepec, Morelos, México. C.P. 62730.
aljimenez@ipn.mx

La mosca de la fruta de la papaya, Toxotrypana curvicauda, es una especie que se encuentra
distribuida en éreas tropicales y subtropicales de Américay esta asociada a plantas de las familias
Caricaceae y Asclepiadaceae. El comportamiento de T. curvicauda asociado a su principal
hospedero (Carica papaya) ha sido estudiado por varios autores. Sin embargo, ningun estudio ha
hecho un seguimiento individualizado de las actividades diarias y la distribucion espacial de esta
maosca y no se conocen las caracteristicas de los sitios de refugio utilizados por esta especie. En
una jaula de campo donde se encontraba una planta de C. papaya y dos plantas no hospedera
(Schefflera actinophylla y Ficus benjamina) se liberaron 10 machos y 10 hembras recién
emergidos, registrandose sus actividades diariamente durante 10 dias consecutivos, a partir de las
9:00 hasta las 17:00. Se encontré que moscas recién emergidas visitan la planta hospedera,
aunque permanecen poco tiempo en ella. La permanencia de hembras aumenta significativamente
hasta después de 6 d de edad. Los insectos se desplazaron durante la noche a las plantas no
hospederasy se dirigieron a la planta hospedera durante €l dia. L os machos pasan casi € doble de
tiempo en e hospedero que las hembras. Los machos visitaron més veces los frutos que las
hembras donde se observo mas del 80% de los llamados. Toda la actividad sexual se observo en
la planta hospedera. No se observé preferencia de hembras o machos hacia ninguna de las plantas
no hospederas.

Seleccion Sexual de Toxotrypana curvicauda en Relacion a su Edad,
Virginidad y Peso

Alfredo Jiménez-Pérez, Patricia Villa-Ayala

Centro de Desarrollo de Productos Bidticos del Instituto Politécnico Nacional.
Carretera Y autepec, Jojutla Km. 8.5 Cal. San Isdro Yautepec, Morelos, México. C.P. 62730.
aljimenez@ipn.mx

La mosca de la fruta de la papaya, Toxotrypana curvicauda Gerstaecker, es una plaga de la
papaya, Carica papaya L que se distribuye en las zonas tropicales y subtropicales de América.
Debido a su importancia econdémica, se ha estudiado la biologia de este insecto por varios autores
en C. papaya. Hasta la fecha no se ha estudiado €l proceso de seleccion de paregja entre individuos
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de esta especie. El estudio del sistema de apareamiento de un insecto permite conocer los
atributos que son seleccionados y como esta seleccién cambia con e tiempo. Es posible, ademas
correlacionar ciertas decisiones de los individuos con su fecundidad y por ende, con €
crecimiento poblacional y la aparicion de alguna plaga. Se evallo la influencia de la edad,
virginidad y tamafio en e proceso de seleccion de parga de T. curvicauda. Se consideraron
insectos jovenes (6-8 d de edad) y vigjos (11-13 d de edad), insectos pesados y ligeros y virgenes
y no virgenes. Los resultados muestran que ni e peso ni la edad de los insectos son factores de
discriminacion por parte de hembras o machos. Sin embargo, los machos seleccionaron
significativamente hembras virgenes para € apareamiento.

Llamado Sexual de Anastrepha serpentina (Wiedemann) (Diptera: Tephritidae)

Victor Rogelio Castrgdn-Gémez', Julio C. Rojas’, Shayla Lascares’, Edi Malo Rivera®, Jorge
Toledo®

'Becario COFAA. Centro de Desarrollo de Productos Bidticos del I.P.N. Carretera Y autepec-Jojutla, Km.
8.5 San Isidro Yautepec, Mordos, México. CP 62730. Apdo. Postal 24. vcastrejon@ipn.mx.’El Colegio de
la Frontera Sur-Unidad Tapachula, Apdo. Postal 36, 30700, Tapachula, Chiapas, México.

El comportamiento de llamado de machos de laboratorio y silvestres de A. serpentina  fue
estudiado en laboratorio y jaulas de campo. En el laboratorio, ambas cepas iniciaron e [lamado
entrelos 5y los 7 dias de edad. El patrén diario de llamado también fue similar en ambas cepas,
iniciando a partir de las 7:30 h, alcanzando e pico méximo de las 14:30 a las 16:30 h y
finalizando a las 18:30 h. Los machos silvestres que fueron colocados individualmente en
recipiente (tratamientos de 1, 5 y 10 machos por recipiente en ambas cepas), no [lamaron. En las
jaulas de campo las diferencias fueron més marcadas. Los machos de laboratorio iniciaron €l
[lamado a los 5 dias de edad y alcanzaron € pico méximo de los 8 a los 10 dias a una edad mas
temprana que los machos silvestres (alos 10 diasy de los 15 alos 18 dias, respectivamente). Otra
diferencia observada fue la formaciéon de “leks’. Mientras que los machos de laboratorio se
agregaron para e llamado solamente durante los dos dias de méximo llamado (alos 8 y 9 dias de
dad), los machos silvestres se agruparon durante todos los dias del experimento. La diferencia
més notable fue que a diferencia de los resultados obtenidos en € laboratorio donde solamente se
observo un pico de llamado en ambas cepas, en las jaulas de campo se observaron dos picos de
llamado, uno en la mafiana y otro en la tarde, tanto en machos de laboratorio como en los
silvestres. Se discuten los resultados en base a la importancia de conocer tanto los efectos de la
cria masiva en los machos de A. serpentina para € uso €ficiente en la TIE, como €
comportamiento de esta mosca para la identificacion de la feromona sexual .

Evaluacion de Diferentes Espectros Luminicos Sobre el Comportamiento Sexual de
Anastrepha ludens, Bagjo Condiciones de Jaula de Campo

Pablo E. Veldzquez Mendoza', José Arredondo?, F. Diaz-Fleischer

Centro de Biociencias; Universidad Auténoma de Chiapas. Facultad de Ciencia Quimicas. Carreteraa
Puerto Madero Km 2.0. CP 30700 Tapachula, Chiapas; México. par185@hotmail.com. 4. Arredondo.
Desarrollo de Métodos. Central Poniente 14, Col. Centro CP 30700 Tapachula, Chiapas, México y °F.
Diaz-Heischer. LABIOTECA. Universidad Veracruzana, Apartado Postal 250. CP 91090 Xal apa,
Veracruz, MEXICO. fradiaz@uv.mx.
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Bajo condiciones de jaula de campo, se determind e efecto que gerce € espectro luminico de
crianza sobre la competencia sexual, latencia y tiempo de copula de machos y hembras de A.
ludens de origen de laboratorio. Los tratamientos consistieron en someter a los insectos, desde €
momento de su emergencia hasta su madurez sexual (14 + 2 dias), a cuatro diferentes ambientes
luminicos: Luz azul (8883 + 1974 °K), luz blanca o de espectro total (4745 + 25.4 °K), luz roja
(1613 + 315.7) y en completa oscuridad (0 °K). Los resultados obtenidos muestran que los
machos y hembras de que emergieron, y maduraron sexualmente en condiciones de completa
oscuridad, cépularon significativamente en menores proporciones que aquellos insectos que se
desarrollaron bajo los otros regimenes luminicos evaluados. No se observaron diferencias
estadisticas en la latencia y € tiempo de cOpula entre los insectos expuestos a los diferentes
tratamientos.

Pattern of Host Use by Two Competing Fruit Fly (Diptera: Tephritidae) Species

Francisco Devescovi*, Diego F. Segura’, M. Clara Liendo', Guillermo Bachmann', M. Teresa
Vera®®, Silvina Brengi*, Fabian H. Milla®, Juan P. Bouvet!, Jorge L. Cladera’.

' {GEAF- INTA Castelar, Buenos Aires, Argentina. frandevescovi00@hotmail.com; 2EEAOC, Tucumén,
Argentina; > CONICET, Argentina; “EEA Concordia, INTA, Entre Rios, Argentina.

Sharing limiting resources has got a negative effect on individuals. This can lead to the
development of mechanisms that allow them to escape competition. The use of host marking
pheromones is an example of these mechanisms, and previous studies in our laboratory showed
that such mechanism works intraspecifically and also interespecifically between Ceratitis
capitata (Cc) and Anastrepha fraterculus (Af). We analyze here infestation patternsin guavain 5
sampling sites of Argentina, aiming at determine the reative abundance of these species and
whether they tend to avoid interspecific competition in the field following what was found in
laboratory conditions. Fortnightly samplings were made during the whole fruiting season. Fruits
were kept individually and the number of pupae of each species was recorded. A relative
abundance index was calculated using the number of recovered pupae (RAIl = Cc/(Cc+Af)). We
found that Af predominated over Cc in almost every tree, although the relative importance of Cc
increased along the season. Strong variation in RAI within sites showed there is a strong local
effect on host utilization, indicating differences with previous reports. RAI patterns were opposite
to those expected according to the degree of environmental disturb. Several cases of fruit
simultaneously infested by both species were found along the season. This shows that
competition avoidance mechanisms described in laboratory did not prevent interespecific
competition. Observed frequencies of co-infested fruit were compared with the expected values
under three models of host use (random oviposition and two models that consider different
avoidance rates). The random oviposition model was generally the best model, fitting the data in
amost every tree. The other two models fitted the co-infestation pattern in only 50-70% of the
cases, with some trees fitting better than others. Possible causes of this variation are discussed.
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Fruit Fly Larval Monitoring in the Fruit Growing Area of Livramento de Nossa
Senhora, Bahia, Brazil.

Cassio R. Peixoto', Ricardo F. de S&', Weber M. M. Aguiar', Maria Heloisa S. T. Brandéo',
Raimundo S. de Carvalho', Maria Aparecida Castdlani®, Antonio S. do Nascimento®, A.
Malavasi*

'Bahia State Agrihealth Agency, Salvador, Bahia, Brazil; *Southwest State University of Bahia,
Vitoriada Conquista, Bahia, Brazil;* EMBRAPA, CNPMF, Cruz das Almas, Bahia, Brazil; “Medfly
Rearing Facility, Juazeiro, Bahia, Brazil.

Larval monitoring is an important tool for fruit fly detection, to establish the infestation level and
therelation between host and fruit fly species. From June 2006 to December 2007, 164 trees of 30
fruit host species and 10 cultivars of mango found in Livramento de Nossa Senhora, a major
mango growing and export area. Fruits were collected in the field according their availability and
were brought to the laboratory for analysis and rearing the pupa. A total of 23,440 fruits with a
total weight of 2,630.89 kilograms were collected. The infestation level ranged from 0.1 to 555.1
pupa/kilo. The highest infestation were found in red mombin, Surinam cherry, yellow mombin,
umbu (Spondias) and orange. Bath, Anastrepha and medly infestation was found in the samples.
From orange, papaya and Antilles cherry, only medfly was recovered. Non-commercial mangos
varieties as ‘rosa’ and ‘espada’ were more infested than the commercial ones as Tommy-Atkins,
Palmer and Keith. The non-commercial fruits in the gardens and backyards found in the region
are primary host of fruit flies and have heavy infestation. Such hosts should be considered as
important repository of fruit flies and hence control measures to decrease the adult population
have to be applied in order to avoid fruit fly migration into commercial mango orchards.

Remating Inhibition in Anastrepha serpentina (Diptera: Tephritidae)
Diana Pérez-Staples', Francisco Diaz-Fleischer’, José Arredondo®

!Ingtituto de Biotecnologia y Ecologia Aplicada (INBIOTECA), Universidad Veracruzana, Ap Postal 250,
Xalapa, Veracruz 91090. Mexico email: diperez@uv.mx; 2Programa Moscafrut SAGARPA-IICA, Av.
Central Poniente 14, Col. Centro, Tapachula, CP 30700, Chiapas, México.

Chapote (Manilkara zapota) a major crop of Mexico, is infested by Anastrepha serpentina, which
limits its exportation and commercialization. Of the 4 fruit fly species of economic importancefor
Mexico we have the least amount of information on the biology of A. serpentina. In order to
implement the sterile insect technique (SIT) for this tephritid, we must first have a better
understanding of its sexual behaviour, and specifically on the likeihood of female remating.
Sperm and or products of the accessory glands transmitted by males in the gaculate have been
known to be responsible from inhibiting female sexual receptivity. Thus, as a first step towards
understanding the mechanism by which female sexual inhibition occursin A. serpentina, we will
study if sperm storage by females is correlated to afemales’ sexual refractory period (time during
which females' are not receptive to remate). This project proposes: first, to study the length of the
sexual refractory period between the first and second mating of a female; second to study if
remating inhibition is related to sperm storage in females; third if sterile males are just as likely to
inhibit female remating than fertile mass-reared males and wild males; and fourth to study if the
age of sterile males is related to their ability to inhibit female remating in A. serpentina. We
expect A. serpentina to have at least a one-week refractory period comparable to other
Anastrepha spp. and differing from the relatively short refractory periods of other Rhagoletis,
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Bactrocera or Ceratitis spp. This is the first study to address remating inhibition in A. serpentina
and the mechanism by which this inhibition takes place in Anastrepha. Results from this study
will help to improve SIT for this tephritid. This project is currently in progress. Financial support

is provided by CONACyYT Mexico.
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Abiotic Factors and Population Dynamics of Fruit Fly Pests (Diptera: Tephritidae)
Donald B. Thomas

USDA-ARS, Kikadela Garza, Subtropical Agriculture Research Center, 2413 East Hwy 83, Weslaco, TX,
donald.thomas@ars.usda.gov

Introduction

Fruit flies are poikilotherms and hence their development and survival is strongly influenced by
ambient temperatures. They are highly susceptible to freezing temperatures and thus require the
capacity to diapause in order to survive winters in temperate regions. Species in the genus
Rhagoletis, including the apple maggot and cherry maggot, are examples of fruit flies with this
inherent capacity. Fruit flies in the genus Anastrepha do not diapause and are thus restricted to
tropical and subtropical regions (Flitters and Messenger 1965). High temperatures are also an
important mortality factor, especially to the immature stages (Machado et al. 1995, McPhail and
Bliss 1933). Fruits exposed to direct sunlight can reach temperatures lethal to the larvae (Sivinski et
al. 2007). The developmental rate of the immature stages and reproductive maturation of the adults
are both strongly influenced by temperature. Leyva (1988) calculated the thermal units necessary
for the development of Anastrepha ludens expressed in degree-days. The formula for degree-daysis
mathematically simple:

D =[% (T max + T min)] — T basal

The basal temperature is the temperature below which there is no devel opment. For Anastrepha
ludens, and the other few species tested, the basal temperatureis around 9-10°C (Table 1).

Table 1. Degree-Days for devel opment of some fruit fly species.

Anastrepha ludens Ceratitis capitata Batrocera orientalis
T basal 9.4°C 10°C 10°C
Larva 290 200 150
Pupa 315 155 195
Adult 120 70 130
Onelifecycle 725 435 485

In A. ludens the larval and pupal stages each require around 300 degree-days for atotal of
600 degree-days to develop from an egg to an adult. Because the female requires another 125
degree-days to become reproductively mature, one compl ete generation requires approx 725 degree-
days. The Medfly by comparison requires only 430 degree-days to complete its life cycle. However,
the degree-day model does not always provide a precise estimate of generation time. In A. ludens it
has been shown that the larvae often do not egress the fruit at the end of development (Thomas
1997). Rather, egression is triggered by some environmental factor, likely related to humidity.
Furthermore, the adults are less active when conditions are less favorable (hot, dry weather), and
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oviposition cannaot occur if fruit are not available. For these reasons, a calendar method is useful for
predicting generation time based on prevailing ambientconditions as derived from historical
weather records for a particular locality to estimate degree-day accumulations (Table 2).

Table 2. A generation time calendar for Anastrepha ludens in the Rio Grande Valley of Texas. Beginning
with afly find from any Julian week, the beginning of the next generation is provided under the Days column,
and the end of the quarantine period based on two life cycles is shown in the Q-Weeks column.

JULIAN WEEK DAYS Q-WEEKS JULIAN WEEK DAYS Q-WEEKS
1 (Jan 1-7) o1 21 27 (aul 2-8) 39 12
2 (Jan 8-14) 86 20 28 (Jul 9-15) 39 13
3 (Jan 15-21) 82 19 29 (Jul 16-22) 39 13
4 (Jan 22-28) 77 18 30  (Jul 23-29) 39 13
5 (Jan 29-4) 73 18 31 (Jul 30-5) 39 14
6 (Feb 5-11) 70 17 32 (Aug6-12) 40 14
7 (Feb 12-18) 66 16 33 (Aug13-19) M 15
8 (Feb 19-25) 62 15 34 (Aug20-26) 43 17
9 (Feb 26-4) 59 15 35 (Aug27-2) 44 18
10  (Mar5-11) 58 15 36 (Sen 3-9) 45 20
11 (Mar 12-18) 55 14 37 (Sep10-16) 47 22
12 (Mar19-25 52 14 38 (Sep17-23) 50 23
13 (Mar26-1 50 14 39 (Sep24-30) 55 24
14 (Apr 2-8) 49 14 40 (Oct 1-7) 58 24
15 (Apr 9-15) 47 13 41 (Oct8-14) 67 24
16 (Apr 16-22) 46 13 42 (Oct 15-21) 75 24
17 (Apr 23-29) 45 13 43 (Oct 22-28) 86 24
18 (Apr 30-6) 44 13 44 (Oct29-4) 97 24
19  (May 7-13) 43 13 45  (Nov4-11) 101 24
20  (May 14-20) 42 13 46 (Nov 12-18) 104 24
21 (May 21-27) M 12 47 (Nov 19-25) 105 24
22 (May 28-3) 40 11 48 (Nov26-2) 105 23
23 (Jun4-10) 40 11 49 (Dec 3-9) 103 23
24 (Jun1l-17) 40 11 50  (Dec 10-16) 101 22
25  (Jun18-24) 40 12 51  (Dec 17-23) 98 22
26 (Jun25-1) 39 12 52  (Dec23-31 95 21

Precipitation also exerts a strong impact on fruit fly populations although the effect is often
indirect by its influence on fruit phenology, the most critical factor determining the life cycle of
fruit flies (Celedonio et al. 1995). For example, the native host for A. ludensin Mexico isthe yellow
chapote which grows along the margins of streams in the Sierra Madre Oriental. The yellow
chapote typically produces fruit in the springtime and the peaks in Mexfly populations naturally
coincide with fruition. Thus, when the chapote crop is early, the Mexfly population also peaks
early. Fruit phenology depends on ambient conditions, in particular temperature and rainfall, of
which the latter tends to be the more variable. The peak in fruit production, and thus the peak in fly
populations, can occur in the spring or the early summer, depending largely on the abundance and
timing of rainfall (Thomas 2003). Because the larval stages are adapted to what is essentially a
liquid habitat inside the fruit, heavy rainfall is rarely a mortality factor. The larval stages can
survive four days completely immersed underwater before measurable mortality is induced.

Wind is an important factor in fruit fly biology. Winds can carry the adults much greater
distances than they are capable of dispersing under their own flight power (Thomas and Loera
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1998). Female flies are attracted to fruit odors and to the sex pheromones of the males. Because
these odors are carried by air movement, the female search flights are oriented to the wind
(Robacker 1988).

Sunlight also influences the behavior of fruit flies. The adults are not active at night and do
not fly in darkness (Flitters 1964). It is for this reason that sterile releases are only made by day.
Sexual activity is strongly influenced by photoperiod (Robacker et al. 1991, Epsky and Hesath
1993). For example, among the cryptic species related to Anastrepha frater culus some mate at dusk,
while others mate only in the morning. Experiments with the Mexfly demonstrated that shifting the
photoperiod caused a corresponding shift in sexual activity. Clearly, knowledge of mating behavior
is critical to the effective application of SIT programs.
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The Geogr aphic I nfor mation System in the Medfly Regional Program M exico-Belize-
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GIS: Main Concepts

A Geographic Information System (GIS) is a computerized system to acquire, store, analyze and
display geographic data which is used to support the decision making process. In a GIS
environment different phenomena of the real world are represented as thematic layers. Each layer
contains the location and the characteristics of the phenomena, and are stored in the computer as
vectors (coordinates representing points -pair of coordinates- , lines -a connected set of points- or
polygons -line closed at the beginning-) or raster (a continued net of quadrangular features).

The key issue of a GIS is that, with the adequate information stored, complex spatial analyses are
possible with the geographic data (location) and its attributes. If the phenomenon of interest is
dynamic on time, as the behavior of the medfly populations, and the information is stored on a
periodical basis, it is also possible to make temporal analysis. In the case of the Medfly GIS, the
basic information comes from two sources: the traps installed in the field and the fruit sampling.
For each trap and each place that is sampled, a pair of coordinates with a GPS receiver is registered.
The location and other relevant information (trap type, host, medfly sterile and wild captures, and
number of larvae) are stored in a database. With the location, the traps and its information are
represented as a point layer in the GIS. From this layer, different layers to describe the “field
scenarios’ are generated according to the needs of the program: wild flies, sterileflies, larvae. The
overlay of these layers with other thematic information allows different analyses to describe and
explain the medfly behavior.

Data Flow on the M edfly Program

The data flow within the Medfly Program is complex. Around 35,000 traps are installed in the
entire region (Figure 1 shows the distribution of the traps); from these installed traps approximately
25,000 are serviced each week. Also, on a weekly basis, around 30 Sterile Insect Technique
Airplane Blocks are designed and flight for releases on approximately 24 flights (4 diaries). Figure
2 shows the location of the SIT Blocks for week 37 of 2008. The paths of the releases are register
by a GPS and stored on a digital file. All the information (trapping, sampling, Aerial SIT releases,
Aerial Spray activities) in a regional context (México, Guatemala and Belize) is managed with a
GIS: the Medfly GIS. And it has to flow from the field (trapping, sampling, airplanes), to the
l[aboratories, to informatics and then send it by email to the GIS Specialist.

Medfly GIS Database: Trapping, Sampling, SIT Blocks and Thematic infor mation
Most of the information is managed on Personal MS Access Databases, designed on a standardized
way, but customized for the needs of each center. There are six Operation Centers in México, four

in Guatemala and one in Belize; each center with a Trapping Database installed (Figure 3 shows the
locations of these operation centers). Weekly, each center reports the results on tables, which feed
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the Regional GIS Database. The requested trapping information to each center is: The unique
regional code for each trap, coordinates (X, Y, Z), host wherethetrap isinstalled, type of trap, days
of exposition, and the sterile and fertile captures on the field.

The SIT Blocks (aerial releases) are stored as polygon registering information regarding the area
and the density of release. The paths of the flights are stored as points with the altitude over the sea
level and the speed of the airplane flight. To conduct the different analysis required by the Program
Directors a thematic dataset has been compiled: land use (mainly coffee, which occurs to be the
main host of the medfly in the region), altitude, temperature, political boundaries, location of
operation centers, quadrants, water bodies, roads, rivers.

Regular Reportsusing GIS

Basically, six maps for theregion are prepared and published on an Internet site on JPEG format:

1. Sterilerecaptureon Jackson Traps. This map shows the sterile recapture per trap in Flies
per Day, using a simbology which classifies the traps in three categories: without captures,
higher than zero but less than threeflies per day, more than threeflies per day.

2. Fertile captures on the last three weeks. This map shows the traps with fertile captures
using four data frames: one for each week, and one with the 3 weeks together. Also a graph
showing the total captures per week is shown.

3. Fertile captures by week for the year. A map with the location of all the traps with
captures during the year and a graph that shows the total captures per week during the year.

4. Larval captureson the last three weeks. This map shows the places with larvae captures
using four data frames: one for each week, and one with the 3 weeks together. Also a graph
showing the total larvae per week is shown.

5. Larval captures by week for the year. A map with the location of all the places with
larvae during the year and a graph that shows the total larvae per week during the year.

6. Active captures. A map with the location of the active captures (adults and larvae). The
“active captures’ are selected based on the time required to complete one (for one male) or
threelife cycles (for larvae, one female, or two or more flies are captured). This means that
to the week when the captures are done, the number of weeks required to complete one or
threelife cycles is added to estimate if the captures are active or not in the current week.

L et the analyses begin!

With the weekly information complex analyses are conducted. Five of the several analyses
produced within the program are described here.

Temporal interpolation for the Southwest Area. Using the Inverse Distance Weighted
interpolation method and considering all the traps serviced on the week a raster layer with the
estimation of the captures is generated. For each year, 52 maps are generated (one per week). The
52 maps are exported to a JPEG format, and with them an animation on GIF format is generated.
The animation shows the behavior of the captures during the year. On a several years animation (in
this case from 2006 to 2008), the behavior during the time can be illustrated. This animation has
shown that the captures, year by year, have four moments: first, the captures are concentrated in the
highlands with coffee (with low numbers of captures); second, the captures within the coffee
increase and also all the coffee production areas reports captures (highlands and midlands); third,
the number of fertile captures are very high within the coffee and there are captures everywhere (not
only in the coffee-belt); and four, the captures decrease and comeback to the first moment scenario.
In general terms, for the southwest region, the first moment occurs from August to October, the
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second moment from November to January, the third moment from February to April, the fourth
moment from May to July.

Historical captures by sub-regions. The behavior of the medfly is different within the whole
region regarding the number of captures and the time of the year in which this number reaches its
peak. Then the Medfly Region has been divided in sub-regions and historical map with captures
since 2004 is generated on a monthly basis. The sub-regions have been created considering
similarities on environmental conditions and plague behavior.

Medfly and Coffee Phenology in Guatemala and M exico. A GIS analysis supported the idea that
was described by Midgarden and Lira (2006). Here it is presented the abstract of that idea: “ Coffee
is the main host of Medfly (Ceratitis capitata) in Mexico and Guatemala; however their host-insect
relationship is not well understood. We show that the coffee belt on the slope of the Sierra Madre
Mountains demonstrates a gradient in the time of maturation and harvest. Medflies can infest the
coffee fruit at low elevations (~400m) in July, and follow the maturing coffee to final harvest at
high elevations (~ 2100m) in December. Generation times at the extremes vary from 3 weeks to 3
months due to temperature differences, but the total degree-day accumulation allows for 5-6
generations of unlimited exponential population increase. Pupation times after coffee harvest in
December can exceed 90 days, resulting in the emergence of the highest population of adult fliesin
March-April. Phenologically, the coffee is in its stress phase at this date and coffee berries are
scarce, likely resulting in dispersal of mature adults to search for hosts. Many dispersing flies are
captured in detection traps in March through April and can be seen as part of an ecological “shell
game’: the Medfly population outbreaks appear in one location in April (uninfested or host-poor
areas west of the leading edge), while the growing population was actually present at another
location months earlier (e.g., December in untreated coffee areas to the East). All the maps (which
shown the spatial and temporal reationships between the coffee phenology and the medfly) were
generated by the GIS. The following layers were produced: estimation of the availability of the
coffee by altitude by month, estimated required weeks to complete the medfly life cycle depending
on the temperature, monthly captures and the different combination of these layers.

SIT Airplanes Performance Evaluation. To evaluate the performance of the Aerial SIT activities
four main parameters are considered: Altitude over the terrain, speed of the airplanes, the
percentage of the Jackson traps within the block that reported at least one capture (positive traps)
and the Sterile FTD within the block. The GPS' records of the airplanes contain the speed and the
atitude over the sealevel. Then a GIS analysis is used to estimate the altitude of the airplane over
the ground by subtracting the altitude of theterrain (provided by a digital elevation model) from the
atitude reported on the GPS' records. The trapping system is used to summarize the Positive Traps
and the Sterile FTD within the release blocks. At the end for each SIT release block the following
values are calculated on a weekly basis: 1) averaged altitude of the release flights over the ground,
2) averaged speed of the release flights, 3) averaged Sterile FTD and 4) % of positivetraps. Figure
4 presents a 3D view of one particular flight.

Selection of Areas for Spraying. The Southwest region is the more problematic area for the
program. Because of the limited resources, prioritization to decide which areas for spraying has to
be done. A combined criterion has been established to select the spraying areas for this year: Areas
with a Fertile FTD of 1.0 or more in three or more weeks. This criterion is intended to combine
infested areas and persistence of the plague. To obtain the areas that match this criterion, weekly
interpolation of the FTD are generated. Then for each week, a reclassification to a binary scaleis
made using the criteria of: 1 if the FTD is 1.0 or more, O if not; then the weekly reclassified layers
are added. From the results of the addition of all the weekly layers a new reclassification is made,
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selecting all the areas that have a value of three or more, which means that, at least, on three weeks
of the period of interest those areas where infested.

GI S and the decision making process. Each of the analyses described above had an impact on the
decision making process, basically by supporting this process. On table 1 a summary of this
relationship is presented. Dynamic decisions have been done with dynamic GIS analyses. For each
guestion made by a decision maker, a map is generated to answer that question. The advantage of
using a GISis the efficiency to generate the spatial and temporal analyses to support decisions.

Table 1. GIS analyses made in the Medfly Program and the decisions they supported

Decision supported

This andysis alowed a better understanding about the temporal behavior of the
medfly, from which derived a plan to increase the control activities when the
medfly populations are building up (second moment), and not when they are in the
peak and dispersing (third moment).

Related with the previous analysis, also a better understanding of the temporal and
spatial behavior of the medfly was alowed, and based on this idea a Gradud
Advance Plan was proposed and executed in the first phase, with the idea of
spraying in the second moment, and then use SIT blocks to control the remaining
populations.

Early awareness on when (moment of the year) and where (sub-region) to alocate
the resources. This analysis supported the decision of making a dynamic
production of sterile flies according to the needs: during some periods of the year
less sterile flies are produced, while during other periods more flies are produced.

The provider was asked to fly according to the parameters required by the Medfly
Program of altitude and speed. The GIS analyses alow constant supervision on
thisissue.

The decision on when and where to spray was made, considering a limited budget
for this activity.

# Analysis

1 Temporal interpolaion for the
Southwest Area

2 Medfly and Coffee Phenology
in Guatemala and Mexico

3 Historical captures by sub-
regions

4 SIT Airplanes Performance
Evaluation

5 Selection of Areas for Spraying
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Installed Traps Week 37/2008
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Figure 1. Installed traps on the Medfly Program (Mexico, Guatemala and Belize)
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Figure 2. Sterile Insect Technique Release Blocks and its densities for the week 37 of 2008
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Medfly Program Main Operation Centers

Figure 3. Medfly's operation centersin Mexico and Guatemala

Figure 4. Three Dimension view of aflight
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Monitoreo de M oscas de la Fruta del Género Anastrepha (Diptera: Tephritidae) en
nueve Municipios del Valle del Cauca, Colombia

Marisol Giraldo Jaramillo®, Roberto A. Zucchi?

Y_aboratorio de Entomologia CENICAFE, Chinchin, Caldas Colombia.
Marisol.giral do@cafedecol ombia.com,?’ESALQ-USP. Piricicaba, SP, Brasil

Los adultos de moscas de la fruta fueron colectados en diversos cultivos presentes en nueve
municipios del departamento del Valle del Cauca (Andalucia, Caicedonia, La Unidn, Restrepo,
Roldanillo, Sevilla, Toro y Zarzal), con € objetivo de (1) identificar las especies de Anastrepha, y
(2) determinar las especies con poblaciones més frecuentes y numerosas. Las moscas fueron
capturadas en trampas plésticas o de vidrio tipo McPhail con atrayente alimenticio (proteina
hidrolizada), con revisiones semanales de enero de 2004 a diciembre de 2005. En total fueron
capturadas 1 794 hembras de Anastrepha siendo identificadas diez especies: Anastrepha distincta
Greene (1934), A. grandis Mcquart (1845), A. pallidipennis Greene (1934), A. fraterculus (Wied.,
1830), A. obliqua (Mcquart, 1845), A. leptozona Hendel (1914), A. mucronata Stone (1942), A.
serpentina (Wied., 1830), A. manihoti Lima (1934) y A. striata Schiner (1868). Anastrepha
fraterculus fue la especie mas frecuente (49 % del total de las capturas), seguida por A. striata (39.5
%) y A. obliqua (7 %). Las siete especies restantes en conjunto representan apenas e 4.5% ddl total
capturado. Anastrepha striata y A. abliqua fueron capturadas en los nueve municipios; mientras que
A. fraterculus fue colectada en cinco municipios con € 90% de capturas en e municipio de Sevilla,
sin que se col ectara ningln gjemplar en Roldanillo, laUniény Toro.

Poblaciones de L arvas de Anastrepha obliqua (M acquart) (Diptera: Tephritidae) en
Cuatro Cultivaresde Mango (Mangiferaindica L.) bajo Alta Densidad y Poda
Variable en Maracay, Estado Aragua, Venezuela

Julian Sanchez!, Pedro Morales Valles®, Vicente Hernandez-Ortiz>

Posgrado en Entomologia. UCV Area Universitaria, Via El Limén, Maracay. 2Departamento de
Entomologia. Ingtituto de Ecologia A.C., Km 2.5 carr. Antigua a Coatepec §/n. Xalapa, Veracruz. México.
3INIA - CENIAP. Edif. 2. Proteccion Vegetal. Area Universitaria. Apartado 4653. Av. El Limén, Maracay,
Edo. Aragua, Venezuela. TIf. 0243-2402759 -2402772. E-mail: compsus@cantv.net. pmoral es@inia.gob.ve

Se evalud € efecto de alta densidad de siembra y la poda en cuatro cultivares de mango en las
poblaciones de la mosca de la fruta A. obliqua durante e periodo julio 2002 - agosto 2003, en €
Campo Experimental del Centro Nacional de Investigaciones Agropecuarias (CENIAP — INIA).
Los cultivares Haden, Tommy Atkins, Edwards, y Springfield, plantados a una densidad de siembra
de 6x6m, fueron establecidos en un disefio completamente aleatorizado, con un arreglo factorial
simple 4x6, donde los cultivares constituyen € primer factor y seis tratamientos correspondientes a
testigo, testigot+pacobutrazol, poda, podatpaclobutrazol, podatentresaque y podatcorte de ramas
en cada uno de los cultivares como segundo factor, para 24 combinaciones de tratamientos. Para
evaluar las poblaciones de larvas de A. obliqua se colectaron y disectaron tres frutos por cada tres
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arboles de cada combinacién de cultivar por tratamiento durante € periodo de cosecha. El cultivar
Tommy Atkins present6 € mayor nimero de larvas de A. obliqua, diferencidndose estadisticamente
de los cultivares Haden y Edwards. No se observaron diferencias estadisticas entre |os tratamientos
de poda en relacion a poblaciones de larvas y cultivares. Estos resultados indican que la atraccion
de las moscas para oviponer esta mas relacionado con la atraccion hacia los frutos de los cultivares
presentes que a la préctica de manejo agronémico empleado.

Evaluacion Poblacional de Adultos de la M osca de la Fruta Anastrepha obliqua
(Macquart) (Diptera: Tephritidae) en Mango (MangiferaindicaL.) en Poda Variable
en Maracay, Estado Aragua, Venezuela

Julian Sanchez!, Pedro Morales Valles®, Vicente Hernandez-Ortiz>

Posgrado en Entomologia. UCV Area Universitaria, ViaEl Limén, Maracay. Departamento de
Entomologia. Ingtituto de Ecologia A.C., Km 2.5 carr. Antigua a Coatepec §/n. Xalapa, Veracruz. México.
3INIA - CENIAP. Edif. 2. Proteccion Vegetal. Area Universitaria. Apartado 4653. Av. El Limén, Maracay,
Edo. Aragua, Venezuela. TIf. 0243-2402759-2402772. E-mail: compsus@cantv.net pmorales@inia.gob.ve

Se evalud d efecto de la poda en € cultivo de mango de alta densidad en las poblaciones de adultos
de mosca de la fruta A. obliqua colectados en trampas, durante el periodo julio 2002 - agosto 2003,
en e Campo Experimental del Centro Nacional de Investigaciones Agropecuarias (CENIAP). Los
cultivares Haden, Tommy Atkins, Edwards, y Springfield, plantados a una densidad de siembra de
6x6m, fueron establecidos en un disefio completamente aleatorizado, con dos tratamientos de libre
crecimiento y 4 de poda en cada uno de los cultivares. Se utilizaron 12 trampas JD Eugo 97 cebadas
con 250 ml de solucion con € atrayente PedGo® para la colecta de adultos, 6 para érboles de libre
crecimiento y 6 para &rboles podados. Quincenal mente se realizaba la colecta de los contenidos y se
recebaban las trampas. La identificacion, sexado y contaje de los insectos colectados se realizd en
laboratorio. Las mayores poblaciones de adultos se detectaron durante los meses de julio — agosto
de 2003 (269 y 234) y en julio de 2004 (231) y no se detectaron adultos durante los meses de
noviembre y diciembre de 2002. Se observaron diferencias estadisticas significativas entre las
poblaciones de adultos colectados entre |os &rboles de libre crecimiento (1509) y los podados (171).
Estos resultados sefidlan que existe un efecto de la poda en la disminucion de la presencia de
adultos de A. abliqua colectados en trampas en plantaciones de mango.

Fruit Fly Survey in Remnants of the Atlantic Rain Forest, Bahia, Brazil

Mirian S. Santos', Nivea M. O. Silva', Kelly |. Navack®, Elton L. Araujo® Janisete G. Silva'

lUniversidade Estadual de Santa Cruz, 2Universidade Federal Rural do Semi-Arido

Bahia’s southern region in the coastal zone is surrounded by one of the few and largest remnants of
the highly endangered Brazilian Atlantic rainforest, which is considered one of the richest biomes
on earth. The southern region harbors the largest remnants of the Atlantic forest in Northeastern
Brazil. The remaining forest cover is actually a mosaic of forest remnants imbedded in a matrix of
cacao shaded plantations, commercial and family orchards. The southernmost region native lowland
rainforest is now restricted to very small fragments in multistage processes of natural regeneration
interspersed with commercial orchards, cattle farms and Eucalyptus, Hevea and Pinus plantations.
We have been carrying out a comparative survey of tephritid fauna in three different secondary
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forest areas in the state of Bahia, in Una (Estacdo Experimental CEPLAC), in Belmonte (Estacéo
Experimental CEPLAC), and Ituberd (Reserva da PlantacBes Michelin da Bahia). Fruit flies were
collected using plastic McPhail traps baited with hydrolyzed protein and set up in tree canopies
from. A total of 3,899 Anastrepha adults was captured (2,294 females and 1,605 males) from
August 2007 to May 2008. Thirteen species of Anastrepha were identified: A. antunesi Lima
(1.20%), A. bahiensis Lima (5.67%), A. dissimilis Stone (0.32%), A. distincta Greene (61.24%), A.
fraterculus (Wied.) (21.74%), A. grandis Macquart (0.13%), A. leptozona Hendel (4.92%), A.
obliqua (Macquart) (0.88%), A. pickeli Lima (0.06%), A. pseudoparallela (Loew) (0.57%), A.
serpentina (Wied.) (0.69%), and A. sororcula Zucchi (0.19%). Only one specimen of Ceratitis
capitata was trapped. These are the preliminary results of an ongoing two-year survey.

Diversity of Anastrepha spp. (Diptera: Tephritidae) and Associated Parasitoids from
Native and Exotic Hosts in the State of Bahia, Brazil

Janisete Gomes Silva', Vivian de Siqueira Dutra™?, Mirian Silva Santos', Nivea Maria de
Oliveira Silva', Danigla B. Vidal*, Ricar do Augusto Nink®, Elton L ucio de Araujo®

YUniversidade Estadual de Santa Cruz, 2 nstituto Nacional de Pesquisas da Amazonia
*Univer sidade Federal Rural do Semi-Arido

Brazil harbors a high diversity of native and introduced fruit fly hosts and there are reports of
Anastrepha larvae infesting hosts in 143 genera in 54 plant families. However, only 47% of
Anastrepha species have their hosts known. In this study, we documented the fruit fly-host
associations and infestation rates by systematically collecting native and introduced fruits in
backyard and commercial orchards, and patches of native vegetation during 5 years in southern
Bahia. Fruit were collected in multiple sites in the southern and southernmost regions of the state of
Bahia, locally known as “Sul” and “Extremo Sul”, respectively. The southern region harbors the
largest remnants of the Atlantic forest in Northeastern Brazil. A total of 942.22 kg from 27 fruit
species in 15 plant families were collected throughout this study. Of these, 15 plant species from six
families were infested by Anastrepha species. A total of 11,627 fruit flies were reared from the
fruit, all of which were Anastrepha (5,191 females and 6,436 males). No specimens of Ceratitis
capitata were recovered. Eleven Anastrepha species were recorded, A. antunesi (0.04%), A.
distincta (0.1%), A. fraterculus (53.6%), A. leptozona (4.5%), A. manihoti (0.1%), A. montel
(0.8%), A. obliqua (33.0%), A. pickdi (2.1%), A. serpentina (1.0%), A. sororcula (3.0%), and A.
zenildae (1.8%). A. fraterculus and A. obliqua were found infesting Anacardiaceae, Myrtaceae and
Oxalidaceae fruit. A. sororcula in one species of Anacardiaceae, and four species of Myrtaceae; A.
distincta in one species of Mimaosaceae and one species of Myrtaceae, A. serpentina in two species
of Sapotaceae, and the remaining species were associated with only one host. Three species of
parasitoids (Hymenoptera: Braconidae) were found to parasitize larvae of nine species of
Anastrepha. We obtained 1,240 braconids, Doryctobracon areolatus (n= 1,010, 81.4%), Utetes
anastrephae (n=153, 12.3%) and Asobara anastrephae (n= 77, 6.2%).
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Diversidad de Anastrepha spp. (Diptera: Tephritidae) en la Regién Sur y Extremo Sur
de Bahia, Brasll

Maria Aparecida L efo Bittencourt', Olivia Oliveira dos Santos’, Edmée dos Anjos Brito?, Kalilsia
Santos de Cerqueira’, Francys Galv&o Paranhos da Silva’, Jorge Anderson Guimarées®, Miguel
Francisco de Souza Filho®, Elton Lucio de Aratjjo’.

'Docente del DCAA/UESC; Discente del PPG en Produccion Vegetal, Universidade Estadual de Santa Cruz.
Rod. Ilhéus - Itabuna, km, 16 (45.662-000), IIhéus, Bahia, Brazil; *Becario IC FAPESB/UESC; “Eng.
Agrénoma; °Investigador Embrapa/l CNPAT; °Investigador Instituto Biol 6gico; "Docente de la UFERSA.

La identificacion de las especies de moscas de las frutas que ocurren en una region es de
fundamental importancia para acciones de manejo integrado, sin embargo, son pocos los estudios
relacionados a la ecologia basica de ese grupo en Bahia. El objetivo de este estudio fue caracterizar
las poblaciones de moscas de las frutas en las regiones Sur (Ilhéusy Una) y Extremo Sur (Eunépolis
e ltabela) del estado de Bahia, por medio de un andlisis faunistico. Las poblaciones fueron
muestradas por medio de trampas McPhail con proteina hidrolizada a un 5%, en pomares
comerciaes, en & periodo de noviembre de 2000 a mayo de 2004. Las trampas fueron instaladas en
pomares que contenian diferentes hospederos de moscas de las frutas. Los indices faunisticos fueron
calculados considerandose solo las hembras recolectadas e identificadas (8.281) del género
Anastrepha, distribuidas en 18 especies: A. amita Zucchi, A. amnis Stone, A. antunesi Lima, A.
bahiensis Lima, A. consobrina (Loew), A. distincta Greene, A. fraterculus (Wied.), A. grandis
(Macquart), A. leptozona Hendel, A. manihoti Lima, A. montei Lima, A. obliqua (Macquart), A.
pickeli Lima, A. pseudoparallela (Loew), A. serpentina (Wied.), A. sororcula Zucchi, A. zenildae
Zucchi y Anastrepha sp.1. El mayor valor del indice de diversidad fue registrado para laregion Sur
(H' = 1,0209), confirmando e mayor nimero de especies capturadas en ese municipio (S = 18).
Anastrepha fraterculus fue asociada a los indices méximos (clase sUper) de dominancia,
abundancia, frecuencia y constancia en la regién Sur. Las especies A. amnis, A. consobrina y A.
leptozona presentaron los menores indices: no dominante, rara, poco frecuente y accidental.

Species and Distribution of Anastrepha Schiner in the State of Tolima, Colombia

Armando Osorio Fajardo, Maria de Rosario Castafieda, Nelson Augusto Canal Daza, Pedro Edgar
Gadleano

Universidad del Tolima, Facultad de Ingenieria Agrondmica, Grupo de Investigacion en moscas de las frutas
GIMFRUT., Barrio Santa Helena, Ibagué, Tolima, Colombia. A. A. 546. E-mail; nacanal @ut.edu.co

Flies in the genus Anastrepha Schiner are one of the most economical important pests of the
Colombian fruits. The knoledwedge of the species diversity from the any area is the first step in
order to design researches looking for appropriate management technologies. In this paper the
species of Anastrepha, their distribution and hosts in the State of Tolima, Colombia, are listed.
Specimens were caught in studies carried out from 1988 to present. A total of 60.484 specimens,
collected in 10 municipalities from 300 to 2.500 m.a.s.l. were identified. Specimens belonged to 24
species of Anastrepha. Twelve host fruits were found, incluiding new host records for species of
Anastrepha. Only three fruits were hosts for more than one species, Psidium guajava (A.
fraterculus, A. driata, A. ornata), Psidium guineensis L. and Coffea arabica L. (A. fraterculus and
A. striata). The wide altitudinal distribution were found for A. distincta, A. sororcula and A. striata
(300 to 2.200 m.a.s.l.). Quarantine importance species as A. fraterculus, A. grandis and A.
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serpentina are not widespread in the state and They are found higher than 1.100, 960, and 900
meters above sea level respectively, meanwhile, A. obliqua, was found from 300 to 1,550 m.

Utility of Electroantennography for Development of Food-based Attractants for
Anastrepha Fruit Flies

Paul E. Kendra (paul .kendra@ars.usda.gov), Wayne S. Montgomery
(wayne.montgomery@ars.usda.gov), Nancy D. Epsky (nancy.epsky@ars.usda.gov)
Rabert R. Heath (305-254-3643; baob.heath@ars.usda.gov)

USDA-ARS, Subtropical Horticulture Research Station, 13601 Old Cutler Road, Miami, FL 33158 USA

Anastrepha fruit flies are serious economic pests of fruit crops throughout the American tropics and
subtropics. Current trapping systems utilize synthetic lures that emit ammonia and other attractant
chemicals that function as protein feeding cues. However, field captures are variable with synthetic
lures, and this variability does not appear to berelated solely to ammoniareleaserate. The need for
improved attractants prompted research using electroantennography (EAG), a technique that
measures response of antennal olfactory receptors to volatile chemical stimuli. All EAG analyses
were conducted with the Caribbean fruit fly, Anastrepha suspensa (Loew), of known age and
physiological state. Antennae were presented with chemical samples in vapor form, and EAG
responses were recorded and normalized relative to a standard reference chemical. To date, our
group has quantified response to ammonia, carbon dioxide, putrescine, and a series of diamines
homol ogous to putrescine. Analysis of the amplitude of EAG response has provided information on
appropriate doses and combinations of chemicals needed to elicit optimal antennal response.
Comparative EAG has identified several factors that contribute to the variability in fly response to
known food-based attractants, including sex, age, nutritional requirements, and reproductive status.
EAG has provided insight into the antennal chemoreceptors involved in detection of
semiochemicals, and has identified potential new fruit fly attractants. Information obtained from
EAG analysis will be used to determine rdationships between antennal sensitivity to fruit fly
attractants and efficacy of those compounds when deployed in traps for capture of pest Anastrepha
Species.

Occurrence and Geographical Distribution of the Fruit Flies (Diptera: Tephritidae) in
the Area Producing of Tropical Fruitsin the Equator

Noemi Castro Portilla’; Carlos Alfredo Lopes de Carval ho* Antonio Souza do Nascimento®, Carlos
Alberto Ledo®, Alvaro Garzon®, Antony Burgos”.

'Doutorando em Ciéncias Agrérias, Centro de Ciéncias Agrérias, Ambientais e Biol 6gicas’UFRB. CIENCIAS
AGRARIAS - AGRONOMIA — FITOTECNIA. Servicio Ecuatoriano de Sanidad Agropecudria.
email:noeli cas@hotmail .com; 2Centro de Ciéncias Agrérias, Ambientais e BioldgicasUFRB, C. Postal 118,
CEP: 4438-000 Cruz das Almas BA ;*Embrapa Mandioca e Fruticultura Tropical, Rua Embrapa, s/n°. Cruz
das Almas, BA - Brasil - CEP 44380-000; “Centro de Estudios parala Cuenca de rio Guayas CEDEGE. Cdla
Alborada, Avda. Rodolfo Baquerizo Nazur. Edificio DIMUNDO. *Fundacién Mango Ecuador (FME). Av. del
Ejercito #707 y Av. 9 de Octubre, Segundo Piso, Oficina#9. Guayaquil, Ecuador

In the Republic of the Ecuador, the most important geographical accidentsare: the Andean
Mountains and the Equatorial line, those confer special characteristic and a variety and potentiality
particular productive. Considered as a country in development; the evolution and economic growth
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of its economy has been based in two fundamental activities: the production and export of
agricultural products, with emphasis in tropical fruits. In function of this, is demanded a previous
knowledge of the analysis faunistic of the tefritideos, facing the quarantine barriers imposed by
importer countriesof fresh fruits. This work tries to show the conditions of the tefritidis in two of the
main producer-exporters provinces of tropical fruits in the country, Guayas and Santa Elena.
Jackson and McPhail traps were used in the different trapping routes inside the county. In a 3 year-
old lapse, 81.307 individuals of fruit flies were captured, from them 71,42% were of the gender
Anastrepha, 28,58% to the gender Ceratitis. The first caught of the gender Hexachaeta spp., was
reported in this area, previously was already reported in other province (Lopez, 2002). There were
registered 15 species of Anastrepha, the Mediterranean Fly,Ceratitis capitata and the tephritide from
the gender Hexachaeta sp.: A. fraterculus, are the species of more common (found in 25 host),
followed by A. obliqua, A. striata, A. serpentine and A. chiclayae. For the first time we have the
presence of A. macrura in the country, specie that had not been reported in references neither in
previous works for Ecuador. The species concave A. was reported by Norrbom in 1985 at Los Rios
province. Ecuador possesses a total of 38 species of the gender Anastrepha and the presence of
Ceratitis capitata as an exotic or introduced species.

Removal of Putrescine from a Food-Based Synthetic Attractant and Capture of Sterile
M edflies

Robert R. Heath', Nancy D. Epsky* Timothy C. Holler®, David G. Midgarden®

YUSDA, ARS, SHRS, 13601 Old Cutler Rd, Miami, FL 33158 USA, 305-254-3643,
Bob.Heath@ars.usda.gov; “USDA, APHIS IS, Sao Paulo, Brazil, USDA, APHIS, PPQ, 1700 SW
23" Dr, Gainesville, FL 32608 USA

Field trials were conducted in Guatemala and in Florida to compare capture of sterile td medfly
males in traps baited with ammonium acetate, trimethylamine and putrescine with capture in traps
baited with ammonium acetate and trimethylamine (i.e., putrescine deleted from three component
food-based synthetic attractant). Tests in Guatemala evaluated medflies released under standard
aerial protocols, and compared capture in Multilure traps and in open-bottom dry traps (baited with
food-based synthetics) with capture in TML-baited Jackson traps. Low numbers of males were
recaptured, with highest capture in Jackson traps (5.5 males per trap per day). Remova of
putrescine significantly decreased capture of sterile males in Multilure traps, and slightly decreased
capture in open-bottom dry traps. In Florida, capture of ground-rdeased sterile males was
evaluated in small-scale tests using Multilure traps only. Higher numbers of males were recaptured
in these tests, and removal of putrescine had no effect. Relationships among captures in Jackson
traps with trimedlure versus Multilure traps with ammonium acetate and trimethylamine with and
without putrescine should be tested under target environmental conditions to determine if sterile
medfly capture is sufficient to meet needs for accessing sterile fly distribution. However, deletion
of putrescine in traps used for detection of new invasions may compromise effectiveness of those
traps for detection of new invasions in pest-free areas. Delay in detection of new invasions will
result in increased costs for control and eradication that would offset cost savings from deleting the
putrescine from the synthetic attractant.
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Towardsa Database for the Anastrepha Speciesand Their Host Plantsin Brazil

Roberto Antonio Zucchi (razucchi @esalg.usp.br), Regina Célia Botequio de Moraes
(rcmoraes@esal g.usp.br)

ESALQ/Universdade de Sdo Paul o, 13418-900 Piracicaba, SP, Brasil

Significant advances in studies on genus Anastrepha were done in Brazil since 1970°s, mainly dueto a
better understanding of the taxonomic knowledge of the species. This knowledge was pivotal to
capacity building of many researchers, graduate students and technicians that allowed the establishment
of some working groups which contribute to increase the knowledge on the Anastrepha fruit fly
diversity in Brazil. Thus, new records of Anastrepha species and their host plants have been frequently
found out and any effort to catalogue these data on a printed version publication becomes outdated
rapidly. For example, the mogt recent compilation (Zucchi 2007) is already incomplete because new
data were found out just after this publication. Therefore, in order to develop a dynamic catalogue for
the Anastrepha species in Brazil which could be promptly updated, an online web-based database was
implemented. Examples of information available on the database: (1) 101 species recorded; (2) 30
species exclusive; (3) records of Anastrepha in all Brazilian states, (4) occurrence of A. obliqua in 25
states; (5) four recent speciesrecords: grandicula Norrbom in Amazon state, A. limae Stonein Amapa
sate, A. mucronota Stone in Tocantins state and A. lanceola Stone in Espirito Santo state; (6) two
recent family plant associations: A. coronilli from fruits of Dileniaceae and Memecylaceae;, (7) three
recent host plants: A. fumipennis from Geissospermum laeve, A. nascimentoi from Cathedra bahiensis,
A. parishi from Oenocarpus bacaba and A. degans from Chrysophylum gonocarpum. (8)
bibliographical references for all species and host records. The database is available at
www.lef.esalg.usp/anastrepha

Faunistic Analysis of Anastrepha Species (Diptera: Tephritidae) in the State of
Amazonas, Brazil.

Beatriz Ronchi Teles', Vivian de Siqueira Dutra?, Marcos Vinicius Bastos Garcia®, Ricardo Adaime
da Silva®

YINPA, C.P. 478, CEP 69011-970, Manaus, AM, Brasil, ronchi @inpa.gov.br; 2INPA, C.P. 478, CEP 69011-
970, Manaus, AM, Brasil, vidutra@inpa.gov.br; *Embrapa Amazonia Ocidental, Manaus, AM, Brasil
mar cos.gar cia@cpaa.embrapa.br; “Embrapa Amapa, Rodovia JK, km5, CEP 68903-000 Macap&AP, Bras|
adai me@cpafap.embrapa.br.

The knowledge of the entomofauna of a given region or ecosystem allows the characterization of
important details to determine the insect population composition, its fluctuation over time, and the
insect-plant interactions. It is one of the main resources used to determine and delimitate the
communities. In order to compare the populations of species collected in McPhail traps baited with
food lures in different locations in the state of Amazonas, we analyzed some faunistic indices such
as frequency, dominance, constancy, and some species diversity indexes. Each location was
considered a community with its own characteristics. Only the females were used in the faunistic
analyses, once the taxonomy of the genus is based on the morphology of the aculeus tip. Collections
were carried out from March through August 2008 in the municipalities of Iranduba, in varzea
areas, Manaus and Rio Preto da Eva in non flooded forest areas, in the state of Amazonas, Brazil.
The most frequent species were Anastrepha obliqua (66.7%), A. leptozona (10.4%), A. striata (9%),
and A. curitis (4.2%). The remaining species showed frequency below 2%. The dominant and
constant species were A. obliqua (91.67%), A. driata (70.83%), and A. leptozona (50%). The high

78



value of the Simpson (0.47) and Shannon (1.27) indices and the low value of the equitability index
(0.44) indicate a high non-homogenoeus distribution of the species over the observed period. The
Hill index showed that there are differences in the community composition in the sampled
locations, probably due to the host community composition. The preliminary results of this analysis
make a significant contribution to the Integrated Pest Management Programs which require a vast
knowledge of the fauna and its relationship with the environment.

JH Treatment on Anastrepha fraterculus (Diptera: Tephritidae): Effect of Irradiation
and Protein Content in the Adult Diet on JH Treated Malesand M ass Déliver of JH.

Diego F. Segura’, M. Clara Liendo", Francisco Devescovi', Guillermo Bachmann®, M. Eugenia
Utgés”, Fabian H. Milla®, M. Teresa Vera®, Peter A. Tedl*, Jorge L. Cladera’.

! Instituto de Genética“E. A. Favret”- Ingtituto Naciona de Tecnologia Agropecuaria, Argentina.
dsegura@cnia.inta.gov.ar; ? Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires,
Argentina; > Estacion Experimental Agroindustrial Obispo Colombres, Argentina; * Center for Medical,
Agricultural, and Veterinary Entomology, U.S. Department of Agriculture Agricultural Research Service,
USA

Sexual maturation in A. fraterculus males is a long process that can be shortened by the topical
application of methoprene (a juvenile hormone analog). We analyzed here the effect of methoprene
on irradiated males to discard any negative interaction between gamma radiation and the JH
treatment. In addition, given that the ingestion of protein at adult stage increases males' sexual
competitiveness in other tephritid species (including some Anastrepha), we addressed the effect of
different protein sources on JH treated and untreated males. In order to find a method to deliver the
methoprene in a fast, safe and simple way that could be transferred for its use in mass rearing
facilities, we explored two methods: 1) include the methoprene into the adult diet and 2) submerge
the pupae into a solution containing methoprene. We found that hormonal trestment accelerated
maturation irrespectively of the fact that the males had been irradiated or not. This supports the use
of methoprene as a pre-release treatment on sterile males. Protein fed males that were treated with
methoprene reached sexual maturity earlier than males that were treated and fed only with sugar, or
males that were fed with sugar and protein but did not receive methoprene treatment. However,
some variation existed among protein sources in the capacity to accelerate maturation. Finally, we
found that the two methods tested to mass deliver JH alowed the males to mature faster than
untreated males. Males that were dip in a methoprene solution during the pupal stage showed a
higher response to the treatment than males fed with a diet enriched with methoprene. Given the
environmental problems associated with the disposal of adult diet containing methoprene, pupae
dipping seems the more promising method to massively deliver methoprene to large amounts of
flies.
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Enhancing M ating Perfor mance after Juvenile Hormone Treatment in Anastrepha
fraterculus (Diptera: Tephritidae): a Differential Responsein Malesand Females Acts
as a Physiological Sexing System

Diego F. Segura®?, Carlos Céceres’, M. Teresa Vera®, Viwat Wornoayporn?, Amirul Islan?, Peter
E. A. Teal®, JorgeL. Cladera’, Jorge Hendrichs®, Alan S. Robinson®

! Instituto de Genética“E. A. Favret” - Ingtituto Nacional de Tecnologia Agropecuaria, Buenos Aires,
Argentina. dsegura@cniaintagov.ar; 2 Joint FAO/IAEA Programme of Nuclear Techniquesin Food and
Agriculture, Entomology Unit, Seibersdorf, Austria; ® Estacion Experimental Agroindustrial Obispo
Colombres, S. M. de Tucuman, Argentina; * Joint FAO/IAEA Programme of Nuclear Techniques in Food and
Agriculture, Insect Pest Control Section, Vienna, Austria; ° Center for Medical, Agricultural, and Veterinary
Entomology, U.S. Department of Agriculture Agricultural Research Service, Gainesville, FL, USA

Previous studies have shown that methoprene (a mimic of juvenile hormone) treatment reduced
significantly the time required for sexual maturation in Anastrepha fraterculus males under
laboratory conditions, supporting its use as a treatment for sterile males within the context of the
Sterile Insect Technique (SIT). Here we evaluated the sexual behaviour and competitiveness of
methoprene-treated males under field cage conditions, following the increase in sexua
competitiveness of treated males with age. The effect of methoprene treatment on female readiness
to mate was also analyzed. The study involved two strains of A. fraterculus from Argentina and
Peru, which show a high degree of pre-zygotic isolation. We analyzed also whether methoprene
treatment diminished reproductive isolation. Methoprene-treated males were equally competitive
with untreated mature males, and this treatment allowed the males to become sexually competitive
six days after emergence (3-4 days earlier than untreated males) but it did not accelerate sexual
maturation in females or, at least, it did not induced a higher rate of mating in 7 days-old females.
These results were observed both in the Argentina and the Peru strains. Methoprene did not reduce
the level of pre-zygotic isolation between these two strains. Altogether, our results indicate that
methoprene treatment produces sexually competitive males, even under field cage conditions. In the
absence of a genetic sexing system, and even though sterile males and females of A. fraterculus are
released simultaneously, the fact that females do not respond as males to the methoprene treatment
acts as a physiological sexing effect. Therefore, in the presence of mainly sexually immature sterile
females, released sexually-mature sterile males would have to disperse in search of wild fertile
females, thereby greatly reducing matings among the released sterile insects and thus enhancing SIT
efficiency.

Evaluation of Fruit Fly Gut Bacteria as Attractant for Fruit Fly (Diptera:
Tephritidae) M anagement under North-Western Himalayan Conditions

Chandra Shekhar Prabhakar®, Pankaj Sood?, Pawan Kumar Mehta®, Amit Choudhary*

Department of Entomology; Chaudhary Sarwan Kumar Himachal Pradesh Krishi
Vishwavidyalaya, Palampur, Himacha Pradesh, India-176 062. * csprabhakar.ento@gmail .com, 2
pankajpl p@rediffmail.com; ® mehta@hill agric.ernet.in; “amitvivek11@rediffmail.com

Bacteria are associated with insects belonging to all major orders of the Insecta. The insect gut
provides a suitable habitat for bacteria; in return bacteria play a vital role in nutrition of its host.
Permanent symbiotic associations have been known in about 15% of the insect species. In fruit
flies, Klebsiella oxytoca and Pantoea agglomerans were recorded as the major bacterial symbiotes.
Washed bacteria and fermented bacterial preparation were tested for their attractancy to fruit flies
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under laboratory and field conditions. Washed bacterial preparation of P. agglomerans in
combination with sugar attracted maximum number (11.33 adults 30 min.) of Bactrocera
cucurbitae (Coquillett); however protein hydrolyzate in combination with sugar attracted maximum
number of Bactrocera tau (Walker). All the combinations of washed bacteria proved superior to
control (sugar alone) for both the species. K. oxytoca (48 h old culture) in combination with gur
attracted maximum flies (9.33 adults/ 30 min.) of both the species when applied on potted plants.
Under field conditions, K. oxytoca applied as foliar application and as bait in combination with
insecticide resulted in significant reduction in fruit fly infestation over untreated control. The
studies revealed that symbiatic fruit fly type bacteria can be exploited for pest surveillance and eco-
friendly management. Specific efforts are however required to identify the attractive component
from the bacteria in order to formulate symbiote based alternative fruit fly management strategy.

Post-teneral Diet Effects on Survival and Dispersal of the Mexican Fruit Fly,
Anastrepha ludensin Chiapas, M exico

M.E. Utgés,' G. Rodas,%; E. DeLedn,?, J. Toledo®, J.C. Vilardi,", P. Liedo?

!_ab. Genética de Poblaciones Aplicada (GPA, EGE, FCEyN, UBA, Buenos Aires, Argentina);
Departamento de Entomologia Tropical. El Colegio de la Frontera Sur (ECOSUR). Tapachula, Chiapas,
México; meutges@ege.fcen.uba.ar

Anastrepha ludens, is an important fruit pest of Mexico. The Sterile Insect Technique (SIT) is an
environment-friendly control method. Its success requires that irradiated insects released massively
survivetill sexual maturation and dispersein the field. After 6 days of post-emergence feeding with
different diets (S = only sugar; P = 3:1 sugar:protein; M = mango slices; SP = 3 days S/3 days P; PS
= 3 days P/[3 days S; SM = 3 days $/3 days M; MS = 3 days M/3 days S), lab survival was
evaluated. In addition, the effects of S, P and MS diets on survival and dispersal were evaluated in
the field. Seven day old flies were reeased in the central point of a 7 ha mango (cv. Ataulfo)
orchard near Tapachula, Chiapas, Mexico. After 2 days, 52 Multilure traps were hanged on the trees
following a concentric design. Traps were serviced daily. Statistical analysis showed that the P-fed
flies had a minor survival than the S and MS-fed flies both in lab and field experiments. The
number of flies captured per circle showed differences between treatments. We trapped more S and
MS individuals than P ones. We found statistical differences in life expectancy between sexes, but
not between diets. S and M S flies reached longer distances than P ones, and the dispersal distance
of females was larger than the one of males. The dispersal pattern did not differ between treatments
and can not be solely explained by the wind direction.

Bioecologia de Ceratitis capitata Wied. (Diptera: Tephritidae) en Uva“Itélia” (Vitis
viniferaL.) en el Noreste Brasilefio

Maylen Gomez', Beatriz J. Paranhos’, Rosimeire Castro’, Aldo Malavasi®, Itala Damasceno', Antonio
S. Nascimento®, M. Silva', Kandice Andrade', Deise Campos', Rodrigo Viana®

'Biofabrica Moscamed Brasil, Juazeiro, Bahia, Brazil; 2Embrapa Semi-Arido, Petrolina, Pernambuco, Brazil;
*Embrapa Mandiocay Fruticultura, Cruz das Almas, Bahia, Brazil.

81



Se estudiaron aspectos relacionados con e comportamiento bioldgico y ecoldgico de C. capitata sobre
la variedad de uva de mesa "Itdlia” cultivada en la regién del Valle de San Francisco, ubicado en el
nordeste brasilefio, teniendo en cuenta la relevancia del cultivo en la regidn, asi como la reciente
incidencia de moscamed sobre € mismo. En relacién al comportamiento de oviposicién de C. capitata
en campo, se observaron medias de 1.8 y 4.5 perforaciones y huevos por fruto, respectivamente. C.
capitata completa su desarrollo sobre esta variedad en 25 dias. La viabilidad larval estimada y la
viabilidad pupal alcanzaron valores de 15 y 57.1%, respectivamente, reflggando que se produce una
elevada mortalidad durante el periodo larval. La fecundidad total y fertilidad de las hembras fueron de
384.6 y 64.7 % respectivamente. Los valores de las tasas neta de reproduccion (16.8) e intrinseca de
incremento (0.13) observadas fueron discretos. En cuanto a comportamiento de oviposicion en frutos
de esta variedad, pero en diferentes grados de maduracion fisioldgica, los resultados revelaron que las
hembras ovipositaron en frutos de los cinco estados de maduracion ofrecidos, con medias de 39,5 (60
dias); 51,2 (70 dias); 49,6(80 dias); 72,3 (90 dias) y 106,2 (100 dias) perforaciones por racimo. La
viabilidad pupal alcanz6 valores medios en general de: 44.7; 43.6; 48.7, 66.3 y 54.7 % para los estados
de maduracion de 60, 70, 80, 90y 100 dias, respectivamente. EI peso medio de las pupas por estado de
maduracion mostro valores de: 4,0 (60 dias); 4,1 (70 dias); 5,7 (80 dias); 7,5 (90 dias) y 10,1 mg (100
dias). Los resultados presentados muestran que definitivamente la uva “Italia” representa un hospedero
alternativo en laregion para € desarrollo de C. capitata, a pesar de no constituir un substrato favorable
parad desarrollo de sus estados inmaduros.

Atraccion de Anastrepha spp. a Trampas Cebadas con Frutos Naturales en Campeche,
M éxico

Maria de Jesiis Garcia Ramirez', Marcelino Maldonado Arrollo*, Victor Lopez Martinez?, Lisandro
Encalada Mena’, Juan José Vargas Magafa’.

*Universidad Auténoma de Campeche. (Escuela Superior de Ciencias Agropecuarias). Calle 53 D/C Col.
Unidad esfuerzoy trabajo N.2. Escércega, Campeche. c.p. 24350. “Universidad Auténomadel Estado de
Morelos, Facultad de Ciencias Agropecuarias. Av. Chamilpa 1001 CP. 62209, Cuernavaca Morelos.
mjgarcia 25@hotmail.com

A nivel mundial las especies del genero Anastrepha spp., son consideradas como limitantes en la
produccién de frutos. En e Estado de Campeche, M éxico, no se encuentran reportes actuales sobre
el desarrollo de nuevos atrayentes para € control de las moscas de la fruta encaminados al concepto
de sustentabilidad. Actualmente para € monitoreo de poblaciones adultas de tefritidos se utilizan
trampas “Multilure’ cebadas con una mezcla de proteina hidrolizada, bérax y agua, sin embargo es
indispensabl e la blsqueda de atrayentes mas efectivos derivados de | os frutos hospederos que sirvan
como kairomonas para eficientizar la captura de moscas de la fruta. Lo anterior impulso la
realizacion del presente trabajo. Se llev6 a cabo una serie de experimentos en una huerta de citricos
de 60 ha ubicada en Campeche, México, se encuentra localizada entre los 18° 37.346' N y 90°
55.495 WO con 37.2 msnm, presenta un clima célido subhimedo con lluvias en verano. Se
colocaron 12 trampas Multilure cebadas con proteina hidrolizada y frutos de la region (chico
zapote, naranja, toronja'y mango var. Manila) con fecha dd 15 de marzo al 30 de junio del 2006. El
estudio fue dividido en tres fases dado que los frutos que se utilizaron se obtuvieron de la misma
huerta en diferentes periodos de acuerdo a su disponibilidad; e tratamiento de proteina fue usado
como testigo en todos los experimentos. La distribucion de los tratamientos fue a azar, con cuatro
repeticiones, la revision y recebado se realiz6 cada siete dias. El uso de 100 g de frutos con niveles
de 9.5 y 10.5 grados °Brix como cebo en trampas Multilure incrementa € numero de adultos
capturados en las trampas, en comparacion con e tratamiento testigo (p<0.05). El mango var.
“Manila’ fued fruto con mayor atraccion y la especie predominante capturada fue A. obliqua.
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Female-Biased Host Attractantsfor M elon fly, Bactrocera cucurbitae

Eric Jang?, Lori Carvalho?, Janice Nagata®, Matthew Siderhurst?, Amanda Ramsey®
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2Eastern Mennonite University, 1200 Park Road, Harrisonburg, VA 2802-2462 USA, *Scentry Biologicals,
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The melon fly, Bactrocera cucurbitae (Coquillett), is a serious crop pest throughout the Pacific,
sub-continental and southeast Asia, causing damage to a variety of solanaceous and cucurbit related
crops. Attractants for female melon flies are of particular interest as they could be used to reduce
pest levels by killing both the female and her potential offspring. Previous work has shown that
freshly sliced cucumbers are attractive to female melon fly and the objective of this research was to
identify a synthetic lure for B. cucurbitae. Coupled gas chromatography-electroantennogram
detection (GC-EAD) analysis of fresh and aged cucumber slurry volatiles identified 32 compounds
which were detected by melon fly females. Active compounds were initially screened as single
components in glass McPhail traps in outdoor rotating olfactometer experiments. Synthetic blends
were composed based on initial screening results and EAD responses and tested in both an outdoor
rotating olfactometer and field cage using mated lab-reared melon flies. Six- and nine-component
blends were shown to have femal e biased attraction in outdoor rotating olfactometer and field cage
experiments. Initial field captures with the nine-component blend were two times greater than with
solulys protein bait. Subsequently a seven-component blend was formulated into plastic matrix
plugs and caught more females that solulys in McPhail type traps. Besides being more attractive,
this lure may have several other advantages over protein baits; it has the potential to be used with a
dry trap or bait station, to be long-lasting, and it captures comparably low numbers of non-targets.
Applications of this new female-biased Iure include trapping for detection (new
infestations/biosecurity) and monitoring/delimitation (for treatment timing), as a control/eradication
method with mass trapping or an attract-and-kill system, or as an attractant additive to existing
protein insecticide bait sprays such as GF-120.

Jugo de Uvay Trampas Transparentespara M gorar la Captura de M osca M exicana
dela Fruta, Anastrepha ludens (L oew) (Diptera: Tephritidae)

J. Isabel Lépez-Arroyo', Jests Loera-Gallardo®

YINIFAP, Campo Experimental General Terén. Apdo. Postal No. 3. Gral. Teran, N.L. 67400 México;
2INIFAP, Campo Experimental Rio Bravo, Tam. Apdo. Postal 172. Rio Bravo, Tam., 88900 México.
| opez.jose@inifap.gob.mx

L a deteccion oportuna de adultos de mosca mexicana de la fruta [ Anastrepha ludens Loew (Diptera:
Tephritidae)] en huertos de citricos es un factor clave para iniciar las medidas de mangjo de la
plaga. En e presente estudio se evaluaron varios atrayentes y trampas diversas para contribuir a
mejorar la deteccion de A. ludens. Los experimentos fueron establecidos en Hualahuises, Linares, y
General Teran, N.L., México. Se compararon trampas McPhail, multilure transparente, y una
trampa transparente desarrollada en € INIFAP. Ademas, se evaluaron |os atrayentes: torula, acetato
de amoniotputrescinat+ propylene glycol, y jugo comercial de uva. Las trampas se instalaron en
huertos de naranja Valencia y éreas de chapote amarillo [Casimiroa greggii S. Wats (Rutaceae)];
fueron revisadas y rotadas semanalmente. En e érea experimental se liberaron semanal mente
20,000 especimenes estériles de A. ludens. Los resultados mostraron que en las trampas multilure
transparentes con 350 ml de jugo de uva como atrayente se capturaron significativamente mas
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giemplares de A. ludens en comparacion con: trampa McPhail+torula, trampas multilure +torula, y
trampas multiluretacetato de amonio+putrescinatpropylene glycol. Las trampas transparentes
multilure y la desarrollada en e INIFAP, con 350 ml de jugo de uva, mostraron una respuesta
similar en la captura de adultos de A. ludens. Con estas combinaciones se obtuvieron capturas dela
plaga desde e primer dia en que las trampas fueron instaladas en los arboles. Las trampas
transparentes con jugo de uva como atrayente podrian ser Utiles para detectar a la plaga cuando se
encuentra en niveles poblacionales reducidos. La alta efectividad en la captura de A. ludens, costo
bajo y facil mangjo de la trampa transparente INIFAP, aunado a la notable capacidad de atraccion
del jugo de uva, representan una alternativa excelente para € monitoreo de A. ludens en México y
América Latina.
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Introduction

The Sterile Insect Technique (SIT), which is used in many countries to suppress pest insect
populations, uses radiation to sterilize mass-reared insects. lonizing radiation from ®Co and **'Cs,
that can ionize atoms and break molecular bonds, has been used extensively to sterilize insects, for
example the fruit flies (Diptera: Tephritidae) (Bakri and Hendrichs, 2004). Recently, however, the
shipment of these radiation sources has become difficult. Among other reasons, concern over the
safety of the transport of radioactive isotopes through their regions has been raised by several
countries. For example, between September 2007 and March 2008 a total of 13 delays and denials
of shipment of ®Co sources was reported by the International Irradiation Association in its May
2008 newsletter, which reported on outcomes from an International Atomic Energy Agency
workshop convened to debate this issue.

As a result of these problems, a survey of alternative sources of irradiation that could be
used to sterilize insects was initiated. One such aternative is X rays (Bakri et al., 2005). The main
advantage of this alternative is the ability to ship these sources around the globe without any special
requirement, and with a significant reduction in shipping costs. Early studies conducted with X rays
in the early 1950s with screwworm (Bushland, 1953) demonstrated the feasibility of using X raysto
sterilizeinsects for SIT purposes.

As part of this approach, a prototype X ray unit was tested at the FAO/IAEA Agriculture
and Biotechnology Laboratory (Seibersdorf, Austria) with the objective to evaluate its suitability as
a replacement for gamma irradiation. The X ray prototype (RS2400) has its own external water
cooling unit to remove the waste heat from the X ray tube. It is designed to irradiate fruit fly pupae
in batches of about 20 L, as the irradiation chamber houses five cylindrical canisters, each
measuring 178 mm (internal diameter) by 200 mm (length). Each irradiation canister is suspended
inacradleso that it can revolve around the horizontal X ray tube at a distance of about 10 mm from
the surface of the tube, providing radiation to all sides of the canister. Initial studies on dose-
mapping of the X ray unit in this configuration indicated poor radiation distribution with a resultant
potential for uneven irradiation dosage.

Dose rate and dose uniformity ratio (DUR) were major issues that needed to be addressed
during the refinement of the prototype. An improved canister was developed, blocking five
centimetres from the edges of the canister, without a substantial decrease in the total volume
available for pupal irradiation (about 18.7 L). In addition, 0.5 mm of steel were incorporated into
the wall to filter the X ray beam, producing a substantial improvement in the dose distribution
(DUR < 1.3), whilst maintaining an acceptable doserate (Fig. 1).
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Figure 1. Axial dose distribution in the X ray irradiation canister with 0.5mm stedl filtering. Radia dose
variation is less than 5%. The irradiation volume is restricted to the middle 150 mm of the canister (non-
shaded area) to achievea DUR < 1.3.

Another issue with the original prototype was that the final dose rate (about 11.5 Gy min™)
was lower than initially expected. However, in view of the large volume that can be irradiated at
one time, the lower dose rate can be tolerated. Issues that remain to be addressed concern the
reliability and life span of the X ray tubes, increasing the available dose rate, measurement and
control of the dose received by the insects and calibration of a suitable dosimetry system for routine
process control.

Theradiation dose that is used to induce sterility in insects is of critical importance for SIT
programmes. Insects that receive a dose that is too low have a high residual fertility and are
unsuitablefor SIT proposes, however, too high a dose will result in insects that do not compete well
against wild insectsin the field (Parker and Mehta, 2007). For this reason, a series of quality control
tests were conducted according to the FAO/IAEA/USDA (2003) Quality Control Manual, to
compare the impact of the X ray irradiation with the standard gamma irradiation procedure (*Co
source) on tephritid fruit flies. These tests included: sterility (i.e. residual fertility) test; percent
emergence and flight ability; longevity under stress; and mating performance in field cages. Two
fruit fly species were tested with different doses and controls. Bactrocera cucurbitae (doses: 20, 30,
40, 50 and 70 Gy); Ceratitis capitata (doses of: 15, 30, 60, 90, and 120 Gy). Prdiminary data show
that the mating performance in field cage tests and the other quality control parameters are identical
when irradiated with X or gamma rays for the experiments completed so far.
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Introduction

Mediterranean fruit flies (Ceratitis capitata, Diptera: Tephritidag), harbor a community of
diazotrophic bacteria in their digestive system. Until recently, the association between the
Mediterranean fruit fly (medfly) and bacteria received little scrutiny (see Drew and Lloyd 1991,
Lauzon 2003 and Behar et al. 2008a) for reviews of tephritid-bacteria interactions).

Marchini et al. (2002), using culture dependent methods, studied the bacteria associated
with the oesophageal bulb of the medfly. They found that this organ harbors a discrete community
of bacteria, comprised mainly, asin other fruit flies, of members of the family Enterobacteriaceae.
Similarly, a systematic study of the structure and diversity of microbial communities in eggs,
larvae, host fruit, pupae and adult medflies, based on 16S rDNA sequences obtained from PCR-
DGGE and from isolated colonies revealed that members of the Enterobacteriaceae constitute the
dominant populations in the medfly’s gut. Most prominent were species of Klebsiella, which were
found in different combinations with Citrobacter freundii, Enterobacter spp, Pantoea spp.,
Pectobacterium spp. and Providencia stuartii (Behar et al. 2005, 2008a,b).

These analyses also found that, as in other fruit flies, Klebsiella oxytoca is the most
common species in the medfly's gut. Furthermore, a species of Pectobacterium was found to be
commonly associated with the medfly, particularly in the larval stages. PCR-DGGE analyses aso
supplied evidence that the enterobacterial community, composed mainly of K. oxytoca, P.
cypripedii, Pantoea spp. and Citrobacter freundii, is present during all of the fly's developmental
stages and some elements are vertically transmitted from the female parent to its offspring during
oviposition (Behar et al. 2008b). Strikingly, all these bacterial species are potential diazotrophs. In
addition, K. oxytoca, Pantoea spp and P. cypripedii are also known pectinolytic bacteria. Further to
these ubiquitous bacteria, we also found small but persistent populations of potentially pathogenic
bacteria, Pseudomonas spp., in wild and lab reared flies (Behar et al. 2008c).

These findings prompt the obvious question — are the bacteria that form the major
populations contributing to the fitness of the fly host? Below, we briefly review a number of recent
studies aimed at answering this question. In thefirst study, we cleared bacteria from the guts of flies
and monitored female oviposition and male copulatory success. In a second series of studies, we
investigated how inoculating flies with bacteria affects their longevity and, in the case of sterile
mal es, copulatory success.

1. Effect of gut Bacteria on nutritional status and reproductive success

We recently studied the contribution of gut bacteria to fly fitness (Ben-Yosef et al. 2008). After
clearing bacteria from the guts of adults, we were able to test the hypothesis that bacteria contribute
to reproductive success of medfly adults by enhancing copulatory success in males and egg
production in females. To do so, the reproductive success of antibiotic treated flies - maintained on
either nutrient rich or nutrient poor diets - was compared to that of flies containing a full
complement of enteric bacteria. Following eclosion, flies were fed a full diet containing peptides,

90



sugar and minerals, or a sugar diet, lacking peptides. Sub groups from each diet were fed a mixture
of the antibiotics ciprofloxacin and piperacillin. We quantified the presence of bacteria, food
consumption, weight gain, lipid and protein levels, oviposition in females and copulatory success of
males in the four treatment groups. The antibiotic treatment effectively cleared the gut of bacteria.
Relative amounts of food consumed - with or without antibiotics - were similar in all treatment
groups. The antibiotics did not inhibit feeding, and their ingestion did not affect dry weight or the
amount of protein stored, yet females feeding on the full diet without antibiotics had increased lipid
levels. Females fed the full diet produced significantly more eggs than females on the sugar diet,
but the presence of bacteria did not affect numbers of eggs produced. However, in the absence of
bacteria, oviposition rate of nutritionally stressed females was significantly accelerated. The
presence of bacteria conferred a marginally significant mating advantage to both sugar fed (P =
0.09) and protein fed males (P = 0.08), when competing with antibiotic treated males that were fed
on the same diet. In sugar fed males, the addition of antibictics did not affect the latency to
copulate (P = 0.907). Conversdly, in the males fed a full diet the presence of bacteria was
significantly associated with a shorter latency to mate (P = 0.033; see Ben-Y osef et al. 2008 for full
details). The diet-bacteria interaction had another manifestation, as it significantly affects longevity.
Treating males and females with antibiotics affected their longevity in a diet dependent fashion:
prolonging life when flies were fed with sugar, yet having no effect when combined with the full
diet (Ben-Yosef et al. 2009). These results provide several important clues about the effect of
antibiotics on the flies and on the nature of the interaction between the fly and its gut microbiota.
The diet dependent prolongation of longevity elicited by suppressing the gut microbiota indicates
that the nature of fly-bacteria interaction was dictated by the diet. The fact that bacteria were
associated with a decreased longevity only in sugar fed flies suggests that antagonistic bacterial
activity was induced in response to unfavorable environmental conditions present only in the gut of
these flies. Alternatively, qualitative or quantitative changes in the species composition of the gut
bacterial community, induced by the diet, could have been the cause of a different net effect on the
longevity of the host fly. Thus, the gut microbiota may be alternating between mutualism /
commensalism and parasitism in response to the composition of their host's diet.

2. Effects of bacterial inoculation on fly longevity and copulatory success

This experiment assessed the effect of the dominant Enterobacteriaceae community and the minor
Pseudomonas community on the medfly’s longevity (Behar et al. 2008c). Ingestion of bacteria
significantly affected mortality rate and average fly longevity in both sexes, regardless of previous
exposure to antibiotics. In general, feeding on Pseudomonas had a negative effect on longevity,
while feeding on the Enterobacteriaceae mixture had a beneficial effect. Compared to flies fed on
sugar alone, flies fed on Pseudomonas died at a significantly faster rate and their average longevity
was significantly reduced. Conversely, flies fed on Enterobacteriaceae died more gradually and
lived significantly longer, on average, than flies fed on sugar. Thus we concluded that the dominant
presence of the enterobacterial community in the medfly’s gut contributes to its longevity. Previous
work has shown that this community is capable of contributing to the fly’s nitrogen and carbon
metabolism, development and copulatory success. In addition, we suggest that the
Enterobacteriaceae community within the medfly’s gut also has an indirect contribution to its host
fitness by acting (through an as yet unknown mechanism) as a barrier against deleterious bacteria
(Behar et al. 2008c).

Finally, we attempted to improve the performance of sterile males by inoculating them with
a suspension of Klebsiella oxytoca, one of the most commonly found bacterial species in the medfly
gut. Significantly, sterile males inoculated in this manner copulated faster (i.e., exhibited a shorter
latency to mate), than sugar fed sterile males or sterile males fed a suspension of autoclaved
Klebsiella oxytoca (Ben-Ami 2008).
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Conclusion

Taken together these results encourage us to continue to investigate the precise manner of the
contribution of bacteria to the fitness of the medfly and other tephritids. In addition, we suggest that
supplementing the post teneral diet of sterile males with beneficial bacteria can significantly
improve the effectiveness of the sterileinsect technique.
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Alternative of Wheat Germ Oil asa Supplement in Fruit Fly Liquid Larval Diet

Chiou Ling Chang
USDA-ARS-PBARC-Honolulu, Hawalii

One of the most important components in the SIT (Sterile Insect Technique) program for
suppression fruit fly population worldwide is to have a well-established rearing diet and
methodology to mass rear fruit flies. USDA-ARS recently developed a cost effective liquid diet for
rearing fruit fly larvae. The fruit fly quality from rearing larvae in this liquid diet has been
satisfactory. Thisliquid diet technology has been transferred to more than 36 interested groups with
more than 26 fruit flies or other insect species worldwide for evaluation. However, one of the
hindered factors for implementing liquid diet technology has been lacking resource of wheat germ
oil either too pricey or the availability in locality. Our objective is to find a cheaper and more
available alternative to replace wheat germ oil. In this study, four alternative oils (corn oil,
vegetable ail, canola oil with 10% vitamin E, and canola oil with 20% vitamin E) from a Hawaii
local supermarket, in addition to two controls (wheat germ oil and no oil addition) were substituted
for wheat germ oil and were evaluated based on pupal recovery (%), larval duration (d), pupal
weight (mg), adult emergence (%), adult fliers (%), mating (%), egg production per female per day,
egg hatch (%), and peak egging period (d). The results showed that there were not significant
differences in adult emergence, adult flier, and peak egging period among these six treatments. A
significant difference in pupal recovery, larval duration, or pupal weight between no oil and the
other five oils was also observed. Percent mating from wheat germ oil, corn oil, and canola oil with
20% vitamin E took the lead while vegetable and canola oil with 10% vitamin E made the second.
Mating stayed the lowest from the diet without oil. Adults reared as larvae in the liquid diet
containing wheat germ oil, corn oil, or canola oil with 10% vitamin E produced significantly more
eggs than those reared in the diet containing no oil, vegetable oil, or canola oil with 20% vitamin E.
All eggs were equally viable except those from rearing in the diet containing no oil. Therefore, we
concluded and recommended that corn oil is the best aternative to replace the wheat germ oil.

Influencia de la Densidad de Adultos, Densidad de Larvasy Tiempo de
Exposicion en la Cria M asiva de Diachasmimorpha longicaudata (Hymenoptera:
Braconidae)

Patricia Lopez, Flor de MariaMoreno, Lia Ruiz, Angela Trinidad, Ruben Avila, Jorge
Cancino

Programa Moscafrut SAGARPA-IICA, Av. Centra Poniente 14, Col. Centro, Tapachula Chiapas,
México 30700, oplopez7409@hotmail.com.mx

La influencia de la densidad de adultos, densidad de larvas y tiempo de exposicion fueron
evaluadas. Tratamientos de 2400, 3000 y 3600 adultos/jaula; 1600, 2300 y 3000 larvas/unidad de
parasitacion; y 1, 1.5 y 2 horas de exposicién se aplicaron en cria masiva. Las evaluaciones se
hicieron para cada una de las tres sesiones de exposicion a parasitacion (primera exposicion,
segunda exposicion y tercera exposicion) realizadas de manera consecutiva durante € dia, en €
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proceso de cria masiva. Los parametros de evaluacion fueron superparasitismo (nimero de
cicatrices/pupario), porcentaje de emergencia y proporcion sexual (2:3). Los resultados fueron
analizados en cada exposicion con un disefio trifactorial. En la primera exposicion €
superparasitismo se incremento con el aumento del tiempo de exposicion (5.61 + 0.31, 7.78 £ 0.44y
9.69 + 0.47 cicatrices/pupa, respectivamente) y se favorecio la proporcion sexual (2.7 £ 0.15, 3.25 +
0.20y 3.65 + 0.23 9/J) sin afectar la emergencia, misma que fue mas baja en la menor densidad
de larvas (489 + 1.11, 52.78 + 1.18 y 51.89 + 1.21). Tanto en la segunda como en la tercera
exposicion, @ superparasitismo fue mayor con e aumento del tiempo de exposicion. El incremento
en la densidad larvaria redujo € superparasitismo y la proporcién sexual en la segunda exposicion.
No obstante en la tercera exposicion la proporcion de hembras fue favorecida cuando se incremento
la densidad larvaria. En ninguna exposicion se presentd un efecto significativo de la densidad de
adultos ni de la interaccion de los tres factores. De acuerdo a los resultados se podria optimizar la
cria utilizando 2400 adultos/jaula de cria, 3000 larvas/unidad de parasitacion y 1 h de exposicion.

CriaMasiva del Parasitoide de Pupa de Moscas de la Fruta Coptera Haywardi (Hymenopter a:
Diapriidae)

Lia Ruiz', Jorge Cancino', John Sivinski?, Martin Aluja®

*Programa Moscafrut SAGARPA-IICA Central Poniente No. 14, Col. Centro. Tapachula, Chis, México,
“Center for Medical, Agricultural and Veterinary Entomology, USDA-ARS, Gainesville, FL 32604, USA,
3Instituto de Ecologia, A.C., Km 2.5 carr. Antigua a Coatepec N° 351, Congregacion El Haya 91070 Xalapa,
Veracruz, México

Coptera haywardi es un parasitoide que ha demostrado amplia especificidad hacia pupas de moscas
de la fruta. Esto le confiere ventajas para su aplicacion e integracion dentro del Control Bioldgico
de esta plaga. Por consiguiente se establecio su cria masiva para usarlay reforzar las liberaciones
aumentativas de D. longicaudata (parasitoide de larva). EI método de cria se lleva a cabo en jaulas
agrupadas en una estructura modular. Cada modulo consta de 24 jaulas distribuidas en dos
secciones (12 jaulas por cada seccién), con dimension de 40 x 30 x 100 cm por jaula. Las partes
superior y costados del modulo son cubiertas por malla para evitar la fuga de las jaulas. La parte
anterior y posterior de la jaula es cubierta con acrilico, con puertas abatibles parala entrada y salida
del material bioldgico. Cada jaula dispone de un tubo bebedero y € aimento a base de miel es
adicionada en las paredes laterales del modulo. La jaula tiene una capacidad para albergar
aproximadamente 6,000 parasitoides (2 9: 1 &). Diariamente se introducen, en la parte anterior de
cada jaula, 2,000 pupas hospederas sometidas previamente a irradiacion. Los hospederos
permanecen 72 horas expuestos, posteriormente ser retirados por la parte posterior del modulo. El
tiempo de produccion de cada modulo es de 15 dias y durante este periodo permanecen en € area de
coloniaa 23 + 2° C. Los hospederos parasitados son colocados en charolas de fibra de vidrio (77 x
40 x 6 cm) en proporcion de 1 It de pupa (25,000 pupas) con 1 Lt de vermiculita, permaneciendo 30
dias atemperaturade 26 + 2° Cy 60 — 80 % de H.R. Con la metodol ogia usada se ha alcanzado un
porcentaje promedio de emergencia del 65 % y una produccion promedio semanal de 300,000
pupas por modulo.
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Establishment of a Fruit Fly Parasitoids M ass-Rearing Facility in the Province of San
Juan, Argentina

L orena Suarez’, Laura Bezdjian®, Victoria Beorchia Nigris', Natalia Lara', Fernando Murua’, Jorge
Escobar’, Guido Van Nieuwenhove?, Segundo Nufiez-Campero?, Pablo Schlisermar?, Jorge
Cancino-Diaz®, Sergio M. Ovruski®

'ProCEM San Juan, Direccion de Sanidad Vegetal, Animal y Alimentos, SAGA- MPI, Gobierno de San Juan,
Argentina. 2PROIMI Biotecnologia — CONICET, Divisién Control Bioldgico de Plagas, Laboratorio Moscas
de La Fruta. San Miguel de Tucuman, Tucuméan, Argentina. *Programa MOSCAMED, DGSV-SENASICA-

SAGARPA. Tapachula, Chiapas, México.

Since 1986, the suppression strategies implemented against Ceratitis capitata through the National
Fruit Fly Control and Eradication Program in the province of San Juan (ProCEM San Juan), have
been based on integrated use of SIT, cultural and chemical controls, plus a quarantine system. In
April/2008, the Biological Control has been incorporated into control activities of the ProCEM San
Juan. The first step was the establishment of a colony of the parasitoid Diachasmimorpha
longicaudata on third-instar larvae of tsl C. capitata strain VIENNA 8 at the San Juan facility. The
rearing cages of D. longicaudata were held in a rearing room with 24 + 1 °C, 65 + 5% RH, and
12:12 (L:D) h photoperiod. This parasitoid colony was derived from a strain previously reared on
late-third instar Anastrepha fraterculus larvae at the Insectary of PROIMI-CONICET, Biological
Control Division, located in San Miguel de Tucuman, Argentina. However, the colony of D.
longicaudata introduced to Argentina was obtained from a strain already adapted to laboratory
conditions using Anastrepha ludens (L oew) larvae as a host in the Biological Control Laboratory of
the Mexico's M oscamed-M oscafrut National Program in Metapa de Dominguez, Chiapas, México.
Financial support to introduction and establishment of D. longicaudata in Argentina was provided
by the Agencia Nacional de Promocion Cientificay Tecnoldgica, Ministerio de Ciencia, Tecnologia
e Innovacion Productiva de Argentina (Grants PICT/97 n° 01236 and PICTO/02 n° 12909).
Currently, quality control parameters for D. longicaudata reared on td C. capitata strain is being
analyzed in order to evaluate the rearing process and the final product. In a second phase, is planned
a mass rearing of D. longicaudata to reach a weekly production of 5 million parasitoids. In a third
phase, the parasitoids will be released in some ecologically isolated fruit-growing areas of San Juan
in combination with sterile Medfly releases in order to evaluate parasitoid efficiency once released
in the field. Medfly eradication might be reached in those areas with the use of environment-
friendly technologies such as SIT and Biological Control.

¢Es el Tamafio del Hospedero un Indicador dela Calidad en la Cria Masiva de
Diachasmimorpha longicaudata (Ashmead) (Hymenoptera: Braconidae)?

Patricia Lopez ', Yann Hénaut?, Jorge Cancino’,
Michael Lambin®, Leopoldo Cruz-Lépez® Julio C. Rojas®

! Subdireccion de Desarrollo de Métodos. Programa Moscafrut SAGARPA -11CA. Central Poniente 14, Col.
Centro; Tapachula, Chiapas, C.P. 30700; %El Colegio de la Frontera Sur (U. Chetumal) Av. Centenario Km
5.5 Chetumal 77900, Quintana Roo, México; *El Colegio de la Frontera Sur (U. Tapachula), Apdo. Postal 36,
Tapachula Chiapas, México, “Université Paul Sabatier, 118 Rte de Narbonne, 31062 Toulouse, France.
oplopez7409@hotmail.com.mx
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Diachasmimor pha longicaudata (Ashmead) es un endoparasitoide de moscas de las frutas criado y
usado como un agente de control de varias especies de Anastrepha en México. Durante la
produccion masiva de D. longicaudata diferentes tamafios de individuos son producidos
dependiendo del tamafio del hospedero. En éste trabajo se investigd si e tamafio del hospedero
influye sobre los parametros biolégicos y comportamentales de los parasitoides emergidos. Tres
diferentes tamafios de hospederos (pequefios, medianos y grandes) fueron usados para los
experimentos. El tamafio del hospedero afectd significativamente € numero de parasitoides
emergidos ya que un mayor nimero de individuos emergio de los puparios de tamafio medio en
comparacion con aquellos emergidos de los puparios de tamafio pequefio y grande. La proporcion
de hembras/machos no fue significativamente diferente entre los tres grupos. El tamafio del
hospedero influy6 en la supervivencia de los parasitoides hembras y machos sin alimento, ya que
los parasitoides grandes vivieron mas tiempo. En contraste, €l tamafio del hospedero no influyo
sobre la supervivencia de los parasitoides a los cuales se les proporcion6 alimento ad libitum. El
tamario del hospedero afect6 la fecundidad de las hembras emergidas, las hembras provenientes de
hospederos medianos y grandes fueron mas fecundas. El tamafio del hospedero no afectd los
parametros comportamentales de los parasitoides emergidos, evaluados ante la presencia de mango
infestado, excepto € tiempo de aterrizaje sobre € hospedero. Las hembras provenientes de
hospederas grandes tardaron menos tiempo en aterrizar en el fruto, en comparacién con las hembras
provenientes de hospederas pequefias. El tamafio del hospedero no afectd los diferentes indices de
trayectoria evaluados, excepto la velocidad promedio de caminar de D. longicaudata, las hembras
provenientes de hospederos grandes mostraron un incremento en su velocidad de caminar en
comparacion con las hembras provenientes de hospederos chicos y medianos.

Quality Control Parameter s of Diachasmimorpha longicaudata Reared on Anastrepha
fraterculus Larvae

Laura Bezdjian', Segundo Nufiez-Campero', Guido Van Nieuwenhove', Cristina Martin®, Josefina
Buonocore', Carolina Chiappini®, Patricia Albornoz-Medina’, Pablo Schliserman’, Luis Orofio’,
Jorge Cancino-Diaz®, Sergio M. Ovruski®

Planta Piloto de Procesos Microbiol 6gicos Industriales y Biotecnol ogia (PROIMI) — CONICET, Divisién
Control Biolégico de Plagas, Laboratorio Moscas de La Fruta. San Miguel de Tucuman, Tucumén, Argentina.
Programa MOSCAMED, DGSV-SENASICA-SAGARPA. Tapachula, Chiapas, México.

Quality control parameters of Diachasmimorpha longicaudata reared on third instar Anastrepha
fraterculus larvaeat 26 + 1 °C, 75 + 5% RH, and 12:12 (L:D) h photoperiod were analyzed in order
to evaluate the rearing process and the final product in an experimental rearing of this fruit fly
parasitoid. The study was performed in the Insectary of PROIMI-CONICET, Biological Control
Division, San Miguel de Tucuman, Argentina. The colony of D. longicaudata used for experiments
originated from a strain adapted to laboratory conditions using Anastrepha ludens larvae as a host
and was obtained from the Biological Control Laboratory of the Mexico's Moscamed-M oscafrut
National Program, Chiapas, México. Financial support to introduction, establishment and study of
D. longicaudata in Argentina was provided by the Agencia Nacional de Promocion Cientifica y
Tecnolégica, Ministerio de Ciencia, Tecnologia e Innovacion Productiva de Argentina (Grants
PICT/97 n° 01236 and PICTO/02 n° 12909). Approximately 140 host larvae were exposed to 35
parasitoid females for 1 h, 1.30 h, and 2 h each three days. The parental female productivity and
fecundity, offspring sex ratio, % parasitoid emergence, % parasitism, daily survival and longevity
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of parental females and males, and host larval and pupal mortality were evaluated for every
maternal parasitoid age interval (1-3, 4-6, 7-9, 10-12, 13-15, 16-18, 19-21, 22-24, 25-27, 28-30, 31-
33 age days). Each treatment was replicated three times. There was no statistical difference between
most of the parameters obtained with different host exposure times to parasitoid. Higher fecundity
were found at 7-9 and 10-12 maternal age intervals (2.4 — 2.6 female offspring by parental female).
Female biased offspring were always found for all host exposure times. The results of this
preliminary study on quality control parameters of D. longicaudata will be helpful in the near future
to devel op an optimum mass-rearing system using A. fraterculus larvae as host.

Recuperacion de la Fecundidad, Fertilidad y Calidad de Anastrepha obliqua bajo
Condiciones Relajadas en € Sistema de Cria Masiva

Dina Orozco D., Trinidad Artiaga-L 6pez, Emilio Hernandez, Refugio Herndndez 1., Julio
Dominguez

Planta Moscafrut SAGARPA-IICA. Central Poniente No. 14. C.P. 30700. Tapachula, Chiapas. México. E-
mail: tartiagal @hotmail.com

La planta Moscafrut ha producido millones de moscas estériles de Anastrepha obliqua durante |os
ultimos 10 afios, tiempo en e cual solo una vez se han introducido individuos silvestres como una
forma de rguvenecer la colonia. Existe evidencia que las moscas han sido seleccionadas para
reproducirse a edades tempranas, presentar menor longevidad y cierto nivel de incompatibilidad
sexual (Miyatake, 1998. Res. Popul. Ecol. 40: 301:310). Pararesolver tal desventaja se ha propuesto
manegjar las colonias bisexuales en condiciones relgjadas de bagja densidad, luz de dia, mayor
proporcién de machos que hembras, temperatura Optima, incremento de &reas de descanso
utilizando insertos en las jaulas de cria (Liedo et al. 2007. Florida Entomol. 90: 33-40). Por dlo €
objetivo de este trabajo fue determinar los parametros de produccién y calidad de una colonia de A.
obligua mantenida durante nueve generaciones en condiciones relgjadas. El establecimiento de las
colonias fue a partir de pupa obtenida del médulo de produccion masiva. Las condiciones relajadas
consistieron en cargar las jaulas de cria con 60, 000 pupas en vez de 88,000 y mantenerlas a 26
+1°Cy 705 % HR. Ladensidad de siembra fue de 3.7 larvas/por g de dieta. Las charolas después
de haber sido sembradas permanecieron durante 8 dias a 26+1°C; la larva madura fue separada
disolviendo la dieta en agua. La pupacion fue a 20+1°C durante 24 horas, después fue mantenida a
26°C y 80% HR durante 13 dias. Finalmente la pupa fue seleccionada para e retorno de colonia.
Los resultados indicaron que la baja densidad de confinamiento de adultos en jaulas de produccion
masiva incrementa la produccion de huevo por hembra por dia de 37 a 42 aunque no de manera
significativa. Las condiciones relgjadas favorecieron el incremento de la transformacion de huevo a
larva de 81 a 84%, peso de larva de 17 a 18.5 mg, peso de pupa de 13 a 13.8 mg, emergencia de 93
a95%y voladoras de 88 a 90%.

Determinacion del Namero de Huevos por Mililitro usado en €l Proceso de Criade
Dos Especies ddl Género Anastrepha (Diptera: Tephritidae)

Dina Orozco D., M. del Refugio Herndndez I., José L. Quintero F.

Programa Moscafrut SAGARPA-IICA, Centra Poniente 14 Col. Centro, CP. 30700. Tapachula, Chiapas. E-
mail: cdecmoscafrut@yahoo.com.mx

Anastrepha ludens (Loew) y Anastrepha obliqua (Macquart), conocidas como mosca mexicana de
la frutay mosca de la fruta de las indias, son plagas en México en cultivos de citricos y mango. Por
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el dafio econdmico queinfringen, se han desarrollado diversos métodos de control. En la actualidad
su control se redliza a través de programas de manejo integrado de plagas (MIP), que es aplicado a
nivel regional para @ establecimiento de &reas libres de plagas. Los méodos de control més
comunes usados han sido la aplicaciéon de cebos téxicos (e.g., malatioén-proteina hidrolizada) y la
Técnica del Insecto Estéril (TIE). Esta Ultima, por ser ambiental mente amigable, ha sido usada con
éxito por muchos programas de control de plagas. La TIE consiste en la cria, esterilizacion y
liberacion de un gran nimero de insectos, donde los machos deben cortgjar y copular hembras
silvestres para lograr asi la supresion de la especie. Sin embargo, este proceso requiere de
metodol ogias precisas que permitan cumplir con las metas propuesta. En los procesos de cria se
cuenta con mediciones predeterminadas que sirven como base para extrapolar la produccion a
niveles masivos como huevo por mililitro, larvas por kilogramo y pupas por kilogramo. El nimero
de huevos por mililitro, sirve de referencia para determinar cantidad de huevos obtenidos por
hembra, por jaula de produccion y pos dia. En la planta Moscafrut, de acuerdo a las metodologia de
cria masiva de cada especie, se establecié la evaluacion de la cantidad de huevos de A. ludens y A.
obliqua presentes en un mililitro de goma guar con € propésito de que los resultados sean aplicados
en los procesos. Los resultados de este estudio indicaron que para € proceso de produccion de A.
ludens € nimero de huevecillos por mililitro es de 24,200 y para A. obliqua de 18,600.

Determinacion de Parametros Fisicoquimicosy Microbioldgicos del Alimento
Larvario de Anastrepha ludensy A. obliqua en la Cria M asiva de la Planta M oscafr ut.

Rosa Rovelo M. Salvador Flores, M. del Refugio Hernandez 1., Dina Orozco D.

Programa Moscafrut SAGARPA-IICA Central Poniente No. 14, CP. 30700. Tapachula, Chiapas. E-mail:
cdecmoscafrut@yahoo.com.mx

En la Planta de Cria y Esterilizacion de Moscas de la Fruta y Parasitoides (M oscafrut) se produce
masivamente Anastrepha ludens y A. obliqua. Para obtener insectos competitivos con sus rdativos
silvestres se requiere que los ingredientes que conforman € alimento cumplan con los estdndares de
calidad establecidos y satisfaga los requerimientos de cada especie. Estos estandares ademés deben
permitir que se mantengan condiciones ambientales y de manejo adecuadas para € personal
encargado de la cria. EI monitoreo y control de las caracteristicas mencionadas lo realiza €
Departamento de Control de Calidad a través de los laboratorios de Fisicoquimicos y
Microbiol6gicos. En este trabajo se consideraron los datos obtenidos de los andlisis a alimento
larvario de 2003 a 2007. Dentro de las pruebas fisicoquimicas se incluyeron e porcentaje de
humedad, potencial de hidrogeno (pH) y acidez titulable; y pruebas microbiol 6gicas como cuenta
total de bacterias, cuenta de hongos, levaduras y coliformes. Las pruebas de laboratorio se
realizaron a uno y cinco dias de elaboracién del alimento, estos puntos como indicadores del
crecimiento microbiano y del cambio de textura inducido por d desarrollo de lalarva. Los datos se
analizaron con e paquete estadistico Stat View Version 5 mediante la prueba de media rango para
datos fisicoquimicos y microbiolégicos, estos Ultimos previamente se transformaron
logaritmicamente. Los valores de referencia obtenidos indican una notable disminucion en la
humedad del alimento para ambas especies, lo cual, bajo las condiciones actuales beneficia los
parametros de produccion (rendimiento larvario y transformacion huevo-larva). Las evaluaciones
fisicoquimicas y microbioldgicas de ingredientes y alimento larvario permiten asegurar la calidad
de los insectos. Por 1o que es indispensable la supervison en esta etapa de la cria masiva, con la
finalidad de contar con alternativas de uso y determinar condiciones propicias para la produccion de
insectos.

98



Comportamiento Sexual de Machos de Anastrepha ludens (Diptera: Tephritidae) Criados bajo
el Sistema de Jaulas Tipo I nserto

Dina Orozco D., M. del Refugio Herndndez |., José L. Quintero F., Eduardo Solis E.

Programa Moscafrut SAGARPA-IICA, Centra Poniente 14, Col Centro, CP. 30700. Tapachula, Chiapas. E-
mail: cdecmoscafrut@yahoo.com.mx

Diversos trabajos han mostrado que las condiciones de cria masiva afectan e desempefio sexual de
los machos estériles de la mosca Mexicana de la fruta Anastrepha ludens (Loew). Los efectos de
seleccion que se origina en la colonizacion, provocan en los machos ciertas desventgjas que las
hembras silvestres pueden detectar cuando se encuentran en competencia con machos silvestres. En
la Planta Moscafrut se ha implementado jaulas tipo inserto, de acuerdo con Liedo &. a (2007) para
Ceratitis capitata (Wiedemann), quienes obtuvieron resultados favorables en € comportamiento
sexual del macho. El presente trabajo tuvo la finalidad de comparar la calidad de A. ludens
producida bajo € sistema de jaulas Metapa (M) versus jaulas Metapa modificadas (M) (con
inserto, simulando las superficies de las hojas de los arboles). Para lo cual se realizaron pruebas de
competencia sexual comparando machos criados bajo € sistema de jaulas Metapa, jaulas Metapa
modificadas (durante 32 generaciones) y silvestres bajo condiciones de jaulas de campo. Los
resultados indicaron que € horario del llamado sexual del macho del sistema de jaulas M etapa (M)
iniciay termina antes que e de los machos con sistema de jaulas M etapa modificadas(Ml), sin que
exista diferencia respecto al nimero de llamados, siendo ligeramente mayor en adultos provenientes
de jaulas con insertos (MI). Se observd un mayor nimero de apareamientos en los insectos
provenientes de las jaulas con insertos (M1), existiendo diferencia significativa entre los adultos de
jaulas sin insertos (M) y con un comportamiento igual al insecto silvestre. Lo anterior permite
concluir que e macho de jaulas tipo (M) tiene mayor posibilidad de éxito de cépula con hembras
silvestres que los macho criados bajo € sistema tradicional. Estos resultados sugieren que las
modificaciones a las jaulas de cria pueden disminuir los efectos negativos causados por la
colonizaciony cria masiva.

CrianzaArtificial de Anastrepha fraterculus (Wiedemann 1830) (Diptera:
Tephritidae). Viabilidad de Huevosy M odelo de Jaula

Juliana Garcia Carrion

Lab. Desarrollo de Métodos de la Unidad de Centros de Produccion de Moscas de la Fruta SENASA- Av. La
MolinaN° 1915 LaMoalinaLimaPert (C. postal Lima 12)

La mosca sudamericana de la fruta, Anastrepha fraterculus (Wiedeman 1830), constituye una de las
plagas de mayor importancia econdémica para nuestro pais ya que causa cuantiosos dafios, tanto
directos, por la pérdida de produccion, como indirectos, derivados de la restriccion o imposibilidad
de exportar productos frutihorticolas Un método potencial, no contaminante, para su control es la
técnica del insecto estéril (TIE) que ha demostrado ser eficaz en nuestro pais para € control de otra
especie de tefritido, la mosca del Mediterrdneo Ceratitis capitata (Wiedeman 1829). El presente
trabajo tiene por objeto contribuir a la puesta a punto de la TIE sobre A. fraterculus. Para elo se
evalud € porcentaje de viabilidad y volumen de huevos ovipositados por un periodo de 21 dias
para determinar e periodo Optimo de colecta asi mismo se compard tres modelos diferentes de
jaulas para la implementacién de la crianza masiva e implementacion de la TIE. Los resultados
indican que € porcentaje de viabilidad tiene relacion directa con e volumen en un periodo de 21
dias obteniéndose un valor de R2 = 0.83 por |0 que se opt6 por analizar € porcentaje de viabilidad,
segun la figura 16 € periodo de colecta que favorece a la colonia es de diez dias donde se tiene un
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67.4 % de viabilidad y 22.4 ml de huevos. Al evaluarse € volumen de huevos y € nimero de
huevos por hembra por dia en los tres modelos de jaulas, medianas, missions y grandes, las
medianas y las grandes no mostraron diferencias estadisticas sin embargo las medianas tuvieron
valores mas altos con un promedio de 11.4 huevos por hembra, importante para una crianza masiva,
que favoreceria a la implementacién de la TIE, en cuanto a las jaulas missions si mostraron
diferencias significativas con los otros dos model os y valores mas bajos.

Morphometric Differentiation between a Wild and a M ass Reared Population of
Anastrepha fraterculus (Diptera: Tephritidae)

Paula V. Gémez Cendra’, Diego F. Segura?, Juan C. Vilardi®

! Genética de Poblaciones Aplicada. Departamento de Ecologia, Genéticay Evolucion. Facultad de Ciencias
Exactasy Naturales, Universidad de Buenos Aires. Argentina, Intendente Giiiraldes 2160 - Ciudad
Universitaria - C1428EGA - paugomez@ege.fcen.uba.ar; 2 IGEAF, INTA Castelar. Buenos Aires, Argentina.
Los Reseros y Las Cabafias, s/n (1712).

The South American fruit fly, Anastrepha fraterculus, constitutes an important pest in Argentina
and other countries within the region (as Peru and Brazil). Following the success to suppress medfly
populations in Argentina by means of the Sterile Insect Technique (SIT), it has been proposed its
implementation again A. fraterculus. SIT requires sterile mass-reared males to mate with wild
females,, and thereforeis essential to verify that artificial rearing do not produce changes on
released males that affect their mating competitiveness. In this study, morphometric characters were
considered, with the aim of detecting possible divergences between a wild population and another
population originated from it, but has been reared for many years under laboratory conditions (at
Estacion Experimental Agroindustrial Obispo Colombres, Tucumén Province). We measured 8
morphometric traits: Thorax Length (as an indicator of global size); Head Width, Face Windth -gap
between eyes, Eye Length (as indicators of head shape) and Wing Length and Width, 3" leg Tibia
and Femur Length (as indicators of fly ability). A total 260 individuals were measured and the
results were analyzed by MANOVA and logistic multiple regression. Laboratory individuals were
larger than wild ones, which could be related with alarval diet supplied ad libitum. Besides,
laboratory males compared with wild ones showed larger Head Width and Eye L ength and narrower
wings. Laboratory females also exhibited narrower wings, but no other significant differences with
wild females. Artificial selection could explain these results: flight ability should not be an
important trait under laboratory conditions (where food, water, mates and oviposition substrates are
very close) and, at the sametime, short-distance interactions become more frequent, thus favoring a
facial change asa sizeincrease.

Quality Control in an Experimental Rearing of Diachasmimorpha
longicaudata (Hymenoptera: Braconidae) on Ceratitis capitata (Diptera:
Tephritidae)

Peralta, P. A, M. Hoiak, C. Conte, A. Oviedo, L. Z. Carabajal Paladino, M.M. Viscarret, J. L.
Cladera

Laboratorio de Genética de Insectos EAF. INTA Castelar -Buenos Aires.
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As the success of a biological pest control program depends on the quality of the parasitoids
produced, quality control is routinely performed in mass-rearing facilities; not so much in studies
of insects under experimental conditions. However this kind of studies are very important to
establish values of reference for this particular rearing, adjustments in rearing procedures, and
substantial improvement in the quality of the experimental material. Quality control implies the
evaluation of baoth, the process of production, and the product obtained - in our case, it means an
evaluation of the attributes of the adult parasitoids. As part of the experimental rearing of the
parasitoid Diachasmimorpha longicaudata, we incorporated a routine of quality control of the
process (registering the weights of host Ceratitis capitata larvae), and of the product (registering
survival - with and without food - and fecundity of the adults produced). The results obtained with
insects reared at 25° C and 75% RH were compared with the values reported by Cancino et al.
(2004) in the Quality Control Manual of this specie. Most parameters registered in our laboratory
were similar to those obtained by these authors except that survival of adult parasitoids without
food, which was shorter than the reference value. This difference could be explained by the
difference in size of the host used to rear this parasitoid, being C. capitata larva significantly
smaller than Anastrepha ludens (Loew), the species used by others. Our procedure allowed to
define internal standard of quality, assuring the supply of parasitoids of adequate biological
performance for other experiments in the laboratory.
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Characterization of Genetically M odified Ceratitis capitata Wied. (Diptera:
Tephritidae) to Enhance Sterile Insect Technique Programs

Carlos Cécerest, Pedro Renddn?, Susan McCombs®, Michael Stefan®

! Petapa Fruit Fly Rearing Facility USDA APHIS PPQ — Moscamed, 4 Av. 12-62 Zona 10, Guatemala City,
Guatemala <carl os.e.caceres@aphis.usda.com>
2USDA APHIS PPQ CPHST, 4 Av. 12-62 Zona 10, Guatemala City, Guatemala
3 USDA APHIS PPQ EDP 300 Ala Moana Blvd, Room 8-120 Honolulu, HI 96850, USA
*USDA APHIS PPQ CPHST, 1730 Varsity Dr., Suite 400, Raleigh, NC 27606, USA

E-mall. carlos.e.caceres@aphis.usda.gov

Resume

Genetic engineering of insect pest species, such as tephritid fruit flies, is now a routine laboratory
procedure. However, field application of genetically-modified fruit fly strains to enhance
operational programs has not been accomplished. Field application requires full characterization
of new strains for gene function, productivity, and field effectiveness. We describe parameters
and acceptable minimum values for new strain evaluation at severa levels: laboratory,
operational large scalerearing, and confined field rel eases.

Introduction

E. F. Knipling developed a theoretical model of the sterile insect technique (SIT) in the early
1940s (Klassen 2003). SIT has since been confirmed in field programs as an effective pest
suppression and control methodology for the Mediterranean fruit fly, Ceratitis capitata
Wiedemann (Enkerlin et al. 2003). Among successful applications are the Guatemala-Mexico
regional program in operation since 1977 (Hendrichs et al. 1983) and the Preventive Release
Program in the Los Angeles Basin, California, USA (Dowell et al. 2000). Current M editerranean
fruit fly SIT programs employ the Vienna-8 Mix or Vienna-7/Toliman 99 temperature sensitive
lethal (tdl) strains (Robinson et al. 1999). These strains include a genetic sexing mechanism based
on arecessive, temperature sensitive lethal mutation. Females of this strain carry the temperature
sensitive allele in the homozygous condition and are killed when exposed to an elevated
temperature of 34°C for a period of 24 hours. Males are not sensitive to the high temperature
treatment because they are heterozygous, and carry the wild-type allele that is attached to the Y -
chromosome via a chromosomal translocation. This tdl strain allows for production of a 99.9%
male population for release in control programs. Inherent in a translocation-based strain is as
much as a 50% reduction in viability due to chromosomal abnormalities (Caceres 2002).

Prior to release in SIT control programs, the flies must be made reproductively sterile.
This involves the exposure of pupae to an irradiation source that results in atrophy of the gonads.
Action programs employ cobalt ® and/or cesium ¥, as easy and practical methods for delivering
the sterilizing radiation dose. The decaying nature of radioactive sources requires costly periodic
replenishment to keep an appropriate level of radioactivity. In addition, requirements that address
security concerns for radioactive materials are expensive.

Pupae of the Mediterranean fruit fly td strain are marked with a fluorescent powder so
that the sterile males are distinguishable from wild flies in the control area. The ability to
discriminate sterile flies is critical because the presence of wild flies in a ‘fly-free area has
regulatory significance. A false positive, that is misidentification of sterile flies as wild, may
result in the initiation of unnecessary operational activities, eg. increased levels of detection
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trapping, increased rates of sterile insect releases, and the imposition of quarantine status. These
actions are very costly from the operational standpoint as well as for the agricultural industries
under quarantine.

In practice, the fluorescent dye coats the puparium so that as the adults exit this structure
they come into contact with the dye from surrounding pupae. The critical feature is the head
because it inflates to break open the puparium. This inflated area shrinks as the adult matures,
enclosing dye particles in the head capsule. Flies captured in surveillance traps are examined
individually for the presence of dye particles by means of a microscope equipped with a
fluorescent light. If no dye particles are present on the body of the fly, then the head is squashed
to look for dye in the head capsule. If dye particles are absent in the head capsule, confirmation
of the specimen as sterile requires dissection to verify irradiation-induced atrophy of the sexual
organs. Although marking with fluorescent dyes is inexpensive, the dye particles are frequently
lost leading to the very labor-intensive dissection process. If the preservation quality of the
specimen is poor, then misidentification of sterileflies aswild may occur.

Expected benefits

There are three key areas in SIT programs where the use of genetically-modified strains may be
of considerable importance (Robinson et al. 2004). Transgenic approaches to the production of
male-only progeny could increase productivity relative to that of current sexing systems based on
aT(Y-A) trandocation. Incorporation of an internal genetic marker via gene transfer technology
could ether diminate marking with fluorescent dyes or act as a secondary confirmation system,
thus improving the efficiency of sterile fly identification. Development of nove control
technologies for introduction of lethal genes into natural populations has also been proposed as a
method to reduce operational costs.

Characterization steps

Characterization of transgenic strains is based on new strain evaluation conducted on classical
genetic strains and current standardized quality control measurements. The function and stability
of the genetic construct and the overall fithess of the strain are measured in small-scale (1,000 per
replicate) laboratory trials and medium-scale (> five million per week) rearing evaluations. These
are followed by assessment at large-scale (> 25 million per week) mass-rearing over a minimum
of six generations. It is expected that individual strains, even those with the same genetic
construct, will perform differently in mass-rearing. The critical parameters in determining the
production efficiency of a strain are the longevity of the female in the colony, fecundity, larva to
pupa survival rate, and the eclosion rate.

The stability of the genetic construct, eg., the sexing system, can only be determined
after relatively long periods of mass-production. It is expected that determining the mutation rate
would require continuous mass-rearing over a period of one to two years and quality control
protocols designed specifically for the new strain. The frequency of mutation events is typically
very low, however under operational production levels of several million flies per week a
mutation in the genetic construct (e.g., sexing mechanism) could result in strain breakdown.
Maintenance of strain integrity may require the development of specific rearing systems similar
to the current Mediterranean fruit fly tsl Filter Rearing System (FRS) (Fisher and Caceres, 2000).

Performance under field conditions is assessed in confined releases in field cages and subsequent

open field trials. Confined releases are conducted under permit from the appropriate regulatory
agency in accordance with recommended bio-security protocols (NAPPO 2007). The critical
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parameters for field effectiveness are longevity of the male post-release and mating
competitiveness. These parameters are assessed relative to males of designated control strains,
e.g., Mediterranean fruit fly tsl strain and wild-type strains.

Conclusions

Implementation of a new strain in operational programs is a serious, and often costly, endeavor.
The decision to do so should consider enhancements in operational efficiency and bio-security as
well as reductions in the cost of mass-rearing and infrastructure. Implementation of genetically-
engineered strains presents a unique challenge because this is a reatively new technology. It is
essential that evaluations at all levels be conducted so as to provide scientifically-sound data for
the risk assessment process (NAPPO 2007).
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Table 1. Quality control and field performance parameters and minimum values for Mediterranean fruit
fly transgenic strains.

PARAMETER MEDFLY td Transgenic  Reference
CURRENT BASIS MINIMUM
(weeks)
Quality control parameters
Mean acceptable pupal weight (mg) ~ 7.84+0.25  EP(365) >75 °
Mean % emergence, post-irradiation 88+ 3 EP (365) > 75 b
Mean % flight ability, post- 81+4 EP (365) > 65 P
irradiation
Longevity under stress (% alive at 70+ 12 EP (275) > 50 b
48 hr)
Sex ratio (% male) b
e Control 50 @
e Permissive conditions 65 EP (365) 60 @
e Redtrictive conditions (tsl 99.8+0.4 EP (365) 95 @

heat-treated; transgenic

without tetracycline)
Rate of strain breakdown (based on < 2% EP (365) <1% @
release stream data)

Field perfor mance

Mating performance post-irradiation

(or equivalent)

e Laboratory mating (% males 80+6 EP (365) 80 b

mating)

e Fidd cages (sterility index) 0.3-0.4 >0.3 be
Longevity in the field, post- 4 >4 @
irradiation LT50 (days)

Dispersal in thefield, post- 100 > 100 d
irradiation (m)

Egg hatch of wild female X tsl male, 0.01% @
post-irradiation

Egg hatch of wild female X 0.01% @
transgenic male (with and without

irradiation)

Fluorescence marker persistente >3 weeks > 2 weeks €
Fluorescence marker scoring 110-150 90 - 110 €
efficiency flies/hr/person flies/hr/person
Fluorescence marker scoring 91% primary 91% primary €
accuracy 9% secondary 9% secondary

< 1% tertiary < 1% tertiary

& EP = El Pino Medfly Production Facility's QC records, El Cerina, Barberena, Santa Rosa, Gautemala (unpublished);
® Product Quality Control and Shipping Procedures for Sterile Mass-Reared Tephritid Fruit Flies, Version 5.0. 2003,
FAO/IAEA; ¢ Garciade Leon, 1998; ¢ Rendon et al. 2004; ® Guatemala M OSCAMED Program Field Operations
Manual
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Table 2. Production evaluation parameters and minimum values for Mediterranean fruit fly transgenic
strains.

Strains MEDFLY td Transgenic  Reference
Parameters CURRENT BASIS MINIMUM

(weeks)
Egg to pupae recovery (maleonly)  25% EP?(52) >40% @
Pupae/kg larval diet 0.18+0.01 EP (52) >0.18 £ 0.01 @
Pre-oviposition period (days) 4 EP(365) <4 @
Fecundity @
# eggs / female (release colony) 149+ 218 EP(364) >15 @
% egg hatch (release colony; 67+7 EP(365) >75 @
permissive conditions)
Oviposition profile (days) 10- 14 EP(365) 10-14 @
Development period
Colony larval development timeat 10 EP(365) <7 @
25°C (days)
Malelarval development time at 7 <7 @
25°C (days)
% pupation at 24hr 90 90 @
Pupal development timeat 19°C 13 EP (365) 13 @
(days)

& EP = El Pino Medfly Production Facility's Quality Control records
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Development of Transgenic Strainsin the Genus Anastrepha to Improve the Sterile
Insect Technique

Alfred M. Handler!, J. S. Meze?, X. Nirmala', G.J. Zimowska', C.S. Zepeda®

Center for Medical, Agricultural, and Veterinary Entomology, Agricultural Research Service, U.S.
Department of Agriculture, 1700 SW 23rd Drive, Gainesville, FL, 32608
“Campafia Nacional Moscas de la Fruta DGSV-SAGARPA, México
e-mail: a.handler@ars.usda.gov

The ability to genetically transform the germ-line of tephritid fruit flies is now a routine process,
and presently three transposon vector systems have proven successful including Hermes, Minos
and piggyBac (Handler, 2001). Among these, piggyBac is the only vector system that has been
used for transgenic strain development in the genus Anastrepha, the species A. suspensa and A.
ludens in particular, with preliminary data from A. fraterculus (Handler and Harrel, 2001;
Condon &t al., 2007). Initial studies focused on introducing fluorescent protein marker genes that
could be used for transformant selection, as well as for effective field-detection of transformants
used in release programs. Further applications of transgenic technology are now being tested that
should improve existing sterile insect technique (SIT) programs including strains for genetic
marking, genetic sexing, male sterilization, and new strategies for biocontrol based on conditional
lethality. The efficient creation and ecologically safe use of transgenic strains intended for field
release will depend on new vector systems that allow targeting of transgenes to specific genomic
insertion sites, and stabilization of the transgene to prevent unintended movement within the host
genome or to other organisms. With the development of these tools for transgenic strain
development in tephritid species, there is considerable optimism that this technology can be used
to enhance our understanding of tephritid development and behavior, and our ability to control
pest populations.

Fluor escent protein marking

The creation and selection of transgenic strains have depended largely on the use of fluorescent
protein (FP) marker genes that are universally expressed and detected. These same FPs,
including EGFP and DsRed, can be used as markers to identify transgenic insects released into
the field, replacing fluorescent powders that can be unreliable and may pose health risks. Many
transgenic insects are marked by FPs regulated by the artificial 3xP3 promoter (Horn and
Wimmer, 2001) resulting in eye-specific fluorescence in adults, but this promoter has not proven
effective in tephritid flies including Anastrepha species. The polyubiquitin promoter (PUb) is
more reliable thus far, allows expression in all tissues for improved detection, and fluorescence
from PUb-EGFP and PUb-DsRed is highly stable (Handler and Harrell, 2001). We find that dead
transgenic adults from A. suspensa and A. ludens can be rdiably identified in dry or wet traps
after two to three weeks.

Fortuitous integration of piggyBac/PUb-DsRed. T3 vectors into the Y-chromosome of
caribfly and mexfly has also allowed male-specific selection. This has aided in male selection for
developmental studies, and also presents the possibility for genetic sexing using commercial
fluorescent embryo/larval sorters.

Stabilization vectors

To improve transgenic strains for biological control new vector systems have been devel oped that
allow enhanced stability to maintain strain integrity and prevent transgene movement to
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unintended host organisms. To stabilize transposon vectors subsequent to genomic integration, a
method to delete a terminal vector sequence was developed by introducing an internal tandem
duplication of the other terminal sequence. After testing the system in Drosophila (Handler et al.,
2004), the pBac{L1-PUbEGFP-L2-PUbDsRed1-R1} stabilization vector was created for A.
suspensa and A. ludens. This vector has a duplicated 5 terminal piggyBac sequence (L2) placed
internal to the flanking 5’ (L1) and 3' (R1) termini, with independent markers placed in between
each set of termini. After transformation in both species, the L2-PUbDsRed1-R1 sub-vector was
remobilized by injection piggyBac transposase helper plasmid (phspBac) resulting in stabilized
genomic integrations of the L1-PUbEGFP sequence in the absence of the 3' (R1) terminus.

Isolation and analysis of b2-tubulin genes for testis-specific gene expression and sperm
marking

Testis or spermatocyte-specific gene expression has been recognized as a means to improve SIT
by facilitating genetic sexing, male sterility, and sperm marking in transgenic strains. A visible
fluorescent marker expressed in spermatocytes can be used for larval male selection,
identification of mated females in the field, and for sperm precedence studies. Lethal gene
expression directed by a testis-specific promoter could confer male sterility that would provide a
major advance over radiation-induced sterility. A primary candidate for testis-specific promoter
regulation comes from the b2-tubulin gene, whose gene product is first observed in early
spermatocytes where it is specifically used in the axoneme for motile sperm development. We
therefore sought to isolate the b2-tubulin gene and its regulatory sequences from A. suspensa and
A. ludens. Gene isolation was first attempted by degenerate PCR on an A. suspensa adult male
testes cDNA library, which fortuitously isolated the 2.85 kb bl-tubulin gene that has a 1.5 kb
intron and encodes a 447 amino acid polypeptide. Subsequent PCR using 5 and 3'RACE
isolated the 1.4 kb Ashb2-tubulin gene that has a 60 bp intron and encodes a 446 amino acid
polypeptide. Using primers to conserved sequences, the highly similar A. ludens Alb2-tubulin
gene was isolated by direct and inverse PCR. The genes from both A. suspensa and A. ludens
encode identical amino acid sequences and have putative bUEI/ b2UE2 activator sequences that
resdeinthe5 UTR.

To functionally identify the Asb2-tubulin gene, qRT-PCR showed that Ashb2-tubulin
transcript was most abundant in pupal and adult males, and specific to the testes. This was
further tested in piggyBac transformantsin A. suspensa and A. ludens having a DsRed.T 3 reporter
gene regulated by the Asb2-tubulin 1.3 kb promoter region (b2tub-DsRed.T3). Fluorescent
protein was specifically expressed in testes from third instar larvae to adults, and could be
detected in sperm bundles present in the spermathecae from non-transgenic females mated to
transgenic males. A PCR test could also detect the transgene within sperm in individual females,
demonstrating the ability to identify females that had mated to rel eased transgenic males.

A dominant temper atur e-sensitive proteasome subunit mutation for conditional lethality

Conditional lethal release is a variation of the sterile insect technique (SIT) for the biological
control of pest insects resulting from the release of transgenic insects carrying dominant
conditional lethal genes. A potential heat-sensitive conditional lethal system uses a mutant
proteasome subunit, Progs2", first described in Drosophila melanogaster as the DTS-7 mutation.
Proteasomes play a critical role in eukaryotic development whereby ubiquinated proteins undergo
proteolysis in a multi-subunit complex known as the 26S proteasome, which is comprised of a
20S core and 19S regulatory complexes. Missense mutations in the 20S subunits lead to the
production of dominant temperature-sensitive (DTS) “poison subunits’ or antimorphs that disrupt
proteasome function resulting in late larval or pupal lethality at 29°C. Prdiminary studies showed
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that the D. melanogaster Pros26" (DT S-5) mutation results in >90% late larval or pupal mortality
in transformed medflies. To further test temperature-dependent lethality we isolated and mutated
the native AsPross2 gene cognate from A. suspensa. The AsProsf2 transcript isolated from pupal
cDNA is 1,022 nuclectides encoding 280 amino acids with more than 70% homology to the D.
melanogaster protein and the predicted proteins from mosquito species. To test the use of
aberrant AsProsg2" for conditional lethal release, the AsPross2 gene was mutated in vitro at
position +723 resulting in the amino acid substitution Gly170Arg, that was then transformed into
wild type caribflies. Transgenic lines homozygous for the mutant gene developed into normal
pupae at similar frequencies at both 25°C and 29°C, though at somewhat lower frequencies
compared to non-transgenic pupae. In tests for adult eclosion at 29°C, 70% of wild type pupae
reached adulthood, while four independent transgenic lines had adult survival rates of 4% or
lower, with complete lethality in oneline.  We have therefore demonstrated that a point mutation
introduced into the AsPross2 gene from A. suspensa is analogous to the Prosf2' mutation in D.
melanogaster, resulting in a dominant temperature-sensitive lethal effect during pupal
development. This temperature-dependent lethal system can potentially be used in an
environmentally benign insect management program, particularly in tropical and sub-tropical
regions.
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Nuevas L ineas de Sexado Genético en la M osca M exicana de la Fruta Anastrepha
ludens (Diptera: Tephritidae)

Salvador Meza, Silvia Zepeda-Cisneros, Sergio Galvez, Jorge |bafez, Victor Garcia-Martinez,
Héctor Flores

Programa Moscafrut, SAGARPA-IICA, Central Poniente No. 14 Col. Centro, CP 30700, Tapachula
Chiapas México; mezajs@hotmail.com

La mosca Mexicana de la fruta es una plaga de interés nacional por las cuantiosas pérdidas que
causa a la fruticultura nacional. La Técnica del Insecto Estéril (TIE) ha demostrado ser altamente
efectiva en e control de esta plaga; sin embargo, la liberacién de hembras estériles reduce su
eficiencia por lo que recientemente se inici6 en México la construccion de Cepas Sexadas
Genéticamente (CSG) de Anastrepha ludens con las que es posible seleccionar solamente insectos
machos mediante la induccion de translocaciones Y-A y usando como marcador genético una
mutacién de color de “pupa negra’ (bp) recientemente encontrada. Para lograr este objetivo, se
aplicd un protocolo que consistio en lairradiacion de 150 ml de pupa silvestre a una dosis de 30
Gy en unirradiador Gammacell Co® y la formacion de familias cruzando un macho irradiado con
hembras bp. Se realizaron un total de trece ensayos generando diez lineas que producen machos
tipo silvestre y hembras bp lo que permite la separacion de sexos desde |os dos dias de edad de la
pupa. Los estudios de laboratorio de la biologia comparativa mostraron que las cepas 3, 7y 10
fueron las mas productivas, mientras que en los andlisis citogenéticos se encontré que la
translocacion ocurrié entre el cromosoma Y y € cromosoma 2 portador del alelo mutante bp; este
tipo de andlisis serealizé en las cepas 1y 4, siendo esta Ultima la que presenta un mayor dafio
cromosomico lo que se ve reflggado en su baja fertilidad. Con la futura incorporacion de
mutaciones letales a estas lineas sera posible eliminar alas hembras en estadios mas tempranos de
desarrollo lo que permitird obtener sistemas listos paraintegrarse alos programas de control.

Transformation of the M exfly Anastrepha ludens
(Post-integr ation Stabilization and Sperm Marking)

Salvador Meza', Silvia Zepeda-Cisneros', Alfred. M. Handler?

*Programa Moscafrut SAGARPA-IICA, Central Poniente 14, Col. Centro, CP30700, Tapachula, Chiapas,
México; “Center for Medical, Agricultural, and Veterinary Entomology, Agricultural Research Service,
USDA, Gainesville FL.

In order to improve the sterile insect technique (SIT) several germ-line transformation systems
have been developed in pest insects, tephritid fruit flies in particular. Here we describe the germ-
line transformation of Mexican fruit fly, Anastrepha ludens, using two piggyBac vector
constructs. The first, pB(2x5'/PUbEGFP/PUbDsRed1), provides green and red fluorescence
marking to the insect and allows the post-insertion excision of one end of the transposon carrying
the DsRed marker, after re-injection of the helper plasmid, phspBac. By eliminating the single 3'
vector terminus, the genomic stability of remaining 5' transposon terminus and the EGFP marker
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is ensured. The second vector, pXL-PUbEGFP/Asf2t-DsRed. T3, provides green body
fluorescence and also allows sperm-specific red fluorescent marking, driven by a spermatocyte-
specific p2-tubulin promoter. With the first vector construct we obtained three stabilized lines
(green-only fluorescence), and have observed that EGFP fluorescence is detectable at least two
months after death (completely dried). With the second vector construct we obtained five lines
with good red fluorescence expression in the male testes, with fluorescent sperm observed from
the testes or the spermathecae of non-transgenic females mated to transgenic males. Both
transgenic strains have strong potential for use in monitoring released fliesin SIT, and fluorescent
sperm-marking could be used for determining the mating success of sterile malesin thefield.

Mutante de Pupa para € Sexado Genético dela M osca M exicana de la Fruta
Anastrepha ludens: Herenciay Ligamiento

Silvia Zepeda-Cisneros, Jorge |bafiez, Salvador Meza, Sergio Galvez, Héctor Flores, Victor
Garcia-Martinez

Programa Moscafrut. SAGARPA-IICA, Centra Poniente 14 Col. Centro, CP 30700, Tapachula Chiapas,
México, cczepeda@hotmail.com

Una mutante de coloracion de pupa negra (bp) fue encontrada en la cria masiva de Anastrepha
ludens, Planta Moscafrut y se explord su potencial para integrarse como marcador genético en la
construccion de lineas sexadas genéticamente de esta especie. Fenotipicamente la mutacion bp se
caracteriza por la presencia de un pupario negro; sin embargo, este gen también se expresa en
otras estructuras de los insectos como los espiraculos de las larvas y e cuerpo de los adultos, bp
€S recesivo y autosomico, presenta penetrancia y expresividad alta, fertilidad y sobrevivencia
larvaria ligeramente reducidas. También se analizaron las relaciones de ligamiento con diferentes
mutantes anteriormente aislados y estudiados que incluyen variantes de coloracién de ojos:
“blancos” (we), “rojos’ (Re), “violetas” (Ve), “amarillos’ (ye) y dd cuerpo del adulto: “ambar”
(ab). Los genes we, ab, ye son recesivos, Re es dominante y Ve es dominante y letal como
homocigoto. Se hicieron cruzas entre bp y cada uno de los mutantes, obteniendo e hibrido de la
F1 en repulsion y enseguida la F,, también se realizaron las cruzas de prueba directa y reciproca
correspondientes. L os resultados obtenidos sugieren segregaci én independiente entre bp y we, Re,
Ve, ye, ab. Lo cual demostrd que bp integra un grupo de ligamiento diferente a la de estos genes.
Agregando a este estudio el andlisis en conjunto de las relaciones de ligamiento, se han descrito
cuatro grupos de ligamiento los cuales proponemos como: Grupo A (bp), Grupo B (we). Grupo C
(Re), Grupo D (ye, Ve, ab). La designacion de los grupos fue de forma arbitraria y alin no se han
relacionado con datos citogenéticos, sin embargo el contar con estos marcadores particulares es
una valiosa informacién para la construccion de nuevos rearreglos cromosomicos e induccion de
mutaciones letales que permitan € desarrollo de lineas sexadas genéticamente.
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Sexual Competitiveness of a Transgenic Sexing Strain of the M editerranean Fruit
Fly, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae)

N. I. Morrison'*, D. F. Segura®®*, K. C. Stainton™, G. Fu', M. . Sheikh?, V. Wornoayporn?, C.
A. Donnelly®, A. S. Robinson?, L. S. Alphey™'

Oxitec Ltd, 71 Milton Park, Oxford, OX14 4RX, UK; 2FAO/IAEA Agriculture and Biotechnology
Laboratory, A-2444 Seibersdorf, Austria; >l GEAF, INTA Castelar, Los Reseros y Las Cabafias, Castelar
(1712), Buenos Aires, Argentina; “Department of Zoology, Oxford University, South Parks Rd, Oxford,

OX1 3PS, UK; ®MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease
Epidemiology, Imperial College London, Norfolk Place, London W2 1PG, UK; * These authors contributed
equally; Tel: +44 (0)1235 832 393; Fax: +44 (0)1235 861 138; email: luke.alphey@oxitec.com

The Sterile Insect Technique (SIT) for the medfly generally relies on the release of sterile flies of
only the male sex. Male selection is achieved through the use of a genetic sexing strain (GSS).
Transgenic sexing strains (TSS) have been devel oped that perform the same function of female-
lethality, this time by withholding tetracycline (or related compounds) from the larval diet. The
use of TSS may allow for certain problems associated with conventional GSS, such as strain
instability and reduced productivity in mass-rearing, to be avoided. The sexual competitiveness of
released male flies is important for the success of an SIT control program. This paper describes
field cage experiments in which the competitiveness of males from a TSS (OX3376B) was
compared with that of a conventional GSS (VIENNA-8) and two wild-type strains (TOLIMAN
and ARG). When competing for female mates with wild-type males, OX3376B male performance
exceeded the minimum acceptable level for a strain intended to be used in SIT. Paralld tests, in
which wild-type males competed with either OX3376B or VIENNA-8 males, showed no
significant difference between the wild-type males and the males from either sexing strain. When
0OX3376B males competed directly for mates with VIENNA-8 males, VIENNA-8 slightly
outperformed the TSS males. These results suggest that OX3376B in particular, and TSS in
general, show sufficiently good mating competitiveness to merit further research into their
suitability for eventual usein SIT programs.

Female Lethal RIDL Strains of the M editerranean Fruit Fly Ceratitis capitata and
the M exican Fruit Fly Anastrepha ludens

Martha Koukidou, Sian Morgan, Kirsty C Stainton, Guoliang fu, Tarig Dafa’ ala, Caroline
Phillips, Luke Alphey

Oxitec Ltd, 71 Milton Park, Oxford, OX14 4RX, UK; Tdl: +44(0)1235 832393; Fax: +44(0)1235 861138;
email: luke.alphey@oxitec.com

The Sterile Insect Technique (SIT) has been used extensively for the control of medflies
and, on asmaller scale, against other tephritids. Oxitec has developed female-lethal RIDL
strains of medfly (Ceratitis capitata) and mexfly (Anastrepha ludens). The approach has
been tested successfully in two tephritid species and we believe it will have wide
applicability in other tephritids as well. The strains developed- OX3376B, OX3647Q and
0OX3864E for Medfly, OX3097B for Mexfly- offer complete female lethality and a
heritable fluorescent marker for easy identification. The fluorescent marker on the mexfly
line OX3097B has been further tested in collaboration USDA, CPHST (Mission, Tx) and
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was found to persist well for at least one week after death in trap fluid (Sierra antifreeze
liquid). Line OX3376B when tested in our laboratories has shown excellent penetrance,
100% female lethality in the absence of dietary antidote (tetracycline), good
suppressibility of the transgene in the presence of tetracycline and a reasonably good
marker. Additional testing of line OX3376B is in progress in Guatemala in collaboration
with the US Department of Agriculture and Moscamed. These experiments involve larger
numbers and accurate simulation of mass-rearing conditions. Results demonstrate that the
technology in general, and some fly strains in particular, have great potential for
utilization in SIT-type programs in the future.

Oxitec’'sRIDL Technology Employs M odern Geneticsto Improve the Safety and
Cost-Effectivenessof SIT

S. A. Morgan, M. Koukidou, G. Fu, T. H. Dafa’alla, C. E. Phillips, L. Alphey

Oxitec Ltd, 71 Milton Park, Oxford, OX14 4RX, UK; Tdl: +44(0)1235 832393; Fax: +44(0)1235 861138;
email: luke.alphey@oxitec.com

The mass release of sterile insects (SIT) is a highly effective area-wide method of pest control.
Genetic sexing (male-only release) has proved highly beneficial to medfly SIT programs and is
seen as highly desirable for other species. Oxitec has developed a successful genetic system
(RIDL) which offers an attractive alternative to conventional sterilization methods, while also
completely diminating females from the release population. Successful female lethal RIDL
strains have been developed for two major pests: Ceratitis capitata and Anastrepha ludens. We
consider our system easily transferable to all tephritids, allowing for rapid development of RIDL
transgenic sexing strains in all key tephritid pests worldwide. An additional improvement to
traditional genetics employed by current SIT programs includes the identification of released
individuals with a heritable fluorescent transformation marker. Insect transformation depends on
nonautonomous transposable elements as gene vectors. A concern for releasing transgenic insects
is the stability of the transgene. Loss of the transgene would result in loss of the strain
characteristics important to the program. In this respect, we have further improved our transgenic
sexing strains by removing the transposon sequences from inserted transgenes, therefore
overcoming potential regulatory concerns regarding stability in SIT programs. The stabilization
strategy requires post-integration exposure of the transgene to transposase through the use of a
“jumpstarter” strain (a transformed strain that carries the transposase gene) or by re-injection of a
transposase source. For an efficient, simple and quick identification of a transposon-free strain,
the two transposon ends have been marked with fluorescent protein markers, distinct from the
main transformation marker. In summary, by utilizing modern genetics we are offering significant
improvements to tephritid SIT programs in four major areas: 100% effective sexing strains;
genetic sterilization, easy identification of released individuals and strain stability.
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Avances en los Sistemas de Empaquey Liberacion de M oscas de la Fruta Estériles
José Luis Zavala L épez

Programa Moscamed SAGARPA-1ICA, Avenida Central Poniente 14, Col. Centro, CP 30700,
Tapachula, Chiapas, M éxico; joseluiszaval al opez@yahoo.com.mx

LaTécnicade Insecto Estéril (TIE) se utiliza en todos |os continentes para € control o erradicacion
de plagas de importancia econdmica o cuarentenaria, entre otros. gusano barrenador del ganado,
gusano rosado, palomilla de la manzana, moscas de la fruta, como parte de un Manejo Integrado de
Plagas (MIP).

LaTIE no es un simple proceso de recibir pupasy liberar adultos en e campo, implica una
serie de eventos que por s solos son ya un proceso industrial, con numerosos y compleos pasos
tendientes a lograr un propdsito bioldgico. Cada uno de los pasos de este proceso industrial afecta o
pueden afectar la calidad del insecto, por o que, se han desarrollado Manuales o Protocolos de
Control de Calidad y Aseguramiento de Calidad para confirmar que los insectos liberados tienen la
méxima capacidad para competir exitosamente en  campo contra los especimenes fértiles.

Investigaciones recientes han identificado que e manejo de las moscas previo a la
liberacion es critico y que mediante un manejo especial en los Centros de Empaque, se puede
incrementar significativamente la propensién a la copula de las moscas después de su liberacion en
campo. Durante este periodo se involucran aspectos tales como:

A. Aspectos Abidticos
B. Disefio delas salas

Las salas de Empagque, pero especialmente las de emergencia deben mantener las condiciones
ambientales de acuerdo a la biologia de las moscas. Los principales parametros son: Temperatura,
humedad, intensidad de luz, ciclo de oscuridad/luz, forma y tipo de alimento. Un pardmetro,
frecuentemente olvidado, es @ de aireacién que consiste en garantizar que la calidad del aire sea
adecuado para que las moscas respiren aire limpio, lo cual selogra mediante e disefio de un sistema
de inyeccion/extraccion que permita intercambios periddicos de aire que eviten la acumulacion de
gases.

1. Manego del material bioldgico
a) Contenedores de empague

Hay dos parametros que se deben tomar en cuenta, cuando se define € tipo de contenedor
gue se va a usar: La densidad de moscas y la superficie disponible para que las moscas
extiendan sus alas, de tal manera que se evite la sobre poblacidny el estrés.

Adicionalmente, se ha buscado que haya facilidad para suministrarles agua 'y alimento a las
moscas, en casos de que las condiciones ambientales o cualquier otra causa no permitan la
liberacion de las moscas en e dia previsto. Asi como una mejor aireacion al tener todos los
lados con mallas, este es un nuevo disefio que se esta preparando para utilizarse en € nuevo
Centro de Empaque del Programa M oscamed M éxico.
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b) Enfriamiento de las moscas

. Cuartos frios: Se tiene poco o escaso control de la humedad en los cuartos frios, en la

actualidad se mangja una humedad entre e 55 y 65 % sin embargo, frecuentemente se ve a
la mosca con exceso de humedad en las maquinas de liberacion.
Este problema se atribuye a que la maquina de liberacién no tiene capacidad de quitar la
humedad, sin embargo se ha comprobado que cuando se enfriala mosca en los cuartos frios
con una humedad en un rango entre 30 y 40 % de humedad, no se presenta este problema
en las maquinas de liberacion.

. Maquinas de liberacion: El sistema de liberacion de adultos enfriados utiliza maguinas con
dos principios diferentes de enfriamiento, uno con refrigeracion mecénica, es decir que
genera temperatura mediante un sistema de enfriamiento instalado en € avién o en la
maquina misma de liberacién y otro que maneja la temperatura con Dioxido de Carbono
congelado mediante ductos e intercambiadores de calor. Ambos sistemas han logrado hacer
una liberacién més eficiente en términos de control de temperaturay manejo de la humedad
en las maquinas de liberacion.

Se investiga en la actualidad e efecto del enfriamiento de las moscas en la cantidad y
calidad de produccion de feromonas lo cual redunda en € comportamiento y eficiencia de
los machos liberados en campo.

c) Aspectos Bidticos

. Hormonas: La Hormona Juvenil (Precocene) acelera la madurez de los ovarios en mosca
de mediterréneo, aunque reduce la atraccién de machos a hembras, sin embargo, la
hormona juvenil (Metoprene o fenoxycarb) en Anastrepha spp es crucial en la regulacion
del desarrollo de la competencia reproductiva y la feromona de llamado, al acelerar la
copula en 4-5 dias antes que los machos no tratados. EI Metoprene ya se esta utilizando con
Anastrepha ludens en Nuevo Ledn y San Luis Potosi, México.

. Nutrientes: Se ha demostrado que €l alimento que contiene azlcar y proteina incrementan el
[lamado, la competitividad sexual y reproduccion y que la cantidad de feromona producida
es 10 veces menos en los machos alimentados solo con azlcar. Cuando se mezclan €l uso
de hormonas y la adicion de proteina en e aimento de las moscas se incrementa
sustantivamente su comportamiento sexual y reproductivo.

. Semi-Quimicos: El metil-eugenol incrementa significativamente la copula en Bactrocera
dorsalis, mientras que e aceite de jengibre lo hace con Ceratitis capitata. Se ha
implementado € uso del aceite de jengibre en los centros de empaque de Florida,
Cdlifornia, México y Guatemala.

2. Méodos de Liberacion

La liberacién aérea ha demostrado ser més €ficiente en cuanto a distribucion homogénea de las
moscas comparada con la liberacién terrestre. En cuanto a la liberacién aérea hay diferentes tipos de
aviones y maquinas de liberacién que se usan de acuerdo al tipo de terreno y la extension de
superficie que se cubre, por lo que se pueden usar helicopteros para terrenos montafiosos y aviones
monomotores o bimotores con maquinas de 2.5 millones de moscas por vuel o hasta maquinas de 20
a 25 millones que pueden hacer vuelos de 60 a 75 millones de moscas. Los aviones que utilizan
sistemas de de aeronavegacion con geoposicionadores han demostrado ser mas eficientes en la
distribucion de las moscas.
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a) Control de Calidad o Aseguramiento de Calidad

Hay manuales detallados para la evaluacion de la calidad de las moscas de la fruta conocido como
manual de calidad del producto y utilizado en todos los centros de empaque del mundo, sin
embargo en México se desarroll6 un sistema de aseguramiento de calidad para evaluar € proceso de
liberacion de Anastrepha spp. Este sistema llamado MACX es una herramienta que ayuda a evaluar
cada paso del proceso desde que sale de la Planta de Produccion hasta que es liberado en campo y
gue junto con las maquinas de liberacion Mubarqui, esta disefilado para dar seguimiento a la
liberacion de adulto enfriado, transmitiendo en tiempo real la informacion de calidad de la
liberacion tales como volumen, temperatura y humedad, ademas de velocidad, altura y posicion
cada segundo.

Cada dia es més frecuente el uso de la TIE como parte de un Mangjo Integrado de Plagas en
areas extensas queinician a un nivel de pequefia escala, pero cuando las condiciones socio politicas
lo permiten, se transforman en acciones de mayor nivel.
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Field Dispersal and Survival of Sterile Medfly Malestd Strain, Aromatically
Treated with Ginger Root Oil

Beatriz Jorddo Paranhos' (bjor dao@cpatsa.embrapa.br), Nikos Papadopoulos’, Donald
Mcl nnis®, Carlos Gaval, Renata Alves®, Aldo Malavasi®

!_ab. of Fruit Flies, Embrapa Semi-Arido (CPATSA), BR 428, km 152, C.P. 23, 56.302-970, Petrolina-PE,
Brazil; ? University of Tessaly- Grécia; *USDA/ARSPBARC-Honolulu,Hawaii, USA, *Post graduation
student — ESALQ/University of Sdo Paulo, Brazil; *Medfly Facility of Brazil.

Recent studies have shown that aromatherapy of sterile Medfly males (Ceratitis capitata) with
ginger root oil (GRO) has improved mating performance, and increased SIT efficiency
significantly. However, this efficiency is al'so dependent on their dispersal ability and survival under
field conditions. Thus, the objective of this work was to evaluate the dispersal and survival of sterile
Medfly males treated and untreated with GRO under open field conditions. Experiments were
carried out in Petrolina-PE, Northeast of Brazil, from May/2006 to December/2007. The tdl strain
used was Vienna 8 from the Medfly mass-rearing facility located in Juazeiro-BA, Brazil. Pupae
were divided into 2 lots (red and blue DayGlo dye color), and irradiated (95Gy from a Co® gamma
source) 24 to 48 h before emergence. When flies were 4 days old, either lot red or blue was exposed
to 1.5 ml of GRO for 20 hours in a closed room (27m®). Early the next day, ca.10 thousand of each
color of dyed fly, exposed and unexposed to GRO, were released at the center of a 25 ha grape
orchard. To monitor flies, a grid of 48 Jackson traps baited with trimediure were placed in
concentric circles, at various distances (25-250 m), around the release point. We found no statistical
difference in the dispersal behavior and survival between sterile males exposed or not exposed to
GRO. More than 60% of sterile males, treated and untreated, were recovered 25 m from the release
point, ca. 20% at 50 m, and a ca, 5% in traps 100 m from the released point. Around 90% of the
sterile males, exposed and unexposed to GRO, where recovered up to 5 days after release, while
less than 1% wererecovered 11 days after release.

Evaluacion del Sistema “ Adulto Frio” en  Empaque para Liberacion de
Diachasmimorpha longicaudata (Ashmead) (Hymenoptera: Braconidae), Parasitoide
de Moscasdela Fruta

Lia Ruiz, Jorge Cancino, Enoc Gémez, Pablo Montoya

Subdireccién de Desarrollo de Métodos, Programa Moscafrut, SAGARPA-IICA. Central Poniente 14, Cal.
Centro; Tapachula, Chiapas, 30700 México, lia_ruiz2003@yahoo.com.mx

Se evalud latécnica del adulto frio en @ empague para liberacién de Dichasmimoprha longicaudata
empleando tres dispositivos de empaque con diferentes densidades. La supervivencia, fecundidad y
habilidad de vuelo fueron los parametros indicativos usados en las evaluaciones, asi como €
porcentaje de estructuras dafiadas (antenas, alas, patas) en parasitoides de cada tratamiento. Como
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paso inicial se determind que los parasitoides sometidos a 3° C durante 45 min, permanecian
aletargados (y por consecuencia se facilitaba su manejo durante el empaque) sin que se presentaran
efectos significativos en los pardmetros evaluados. Se observé que la supervivencia, fecundidad,
habilidad de vuelo y porcentajes de estructuras dafiadas disminuyeron conforme se utilizaron
densidades menores. Condiciones de mayor aeracion (cgjas PARC modificadas y cribas en torres)
mostraron los mejores resultados aungque todavia menores que € testigo. EI mayor porcentgje de
dafio de los parasitoides empacados se presentd en las antenas (~ 70%), por lo que se evalud su
capacidad de busgueda en comparacion con parasitoides sin dafio (testigo) y dafiados artificialmente
(pero sin enfriarse). Los resultados mostraron que los parasitoides enfriados fueron los mas lentos
en responder ante la presencia de frutos infestados por moscas de la fruta, pero con € paso del
tiempo mostraron una recuperacion paulatina y consistente, sin que se presentaran diferencias
significativas entre tratamientos a los 60 min de observacion. Estos datos sugieren la posibilidad de
utilizar como densidad de empaque 20,000 y 16,500 pupas por caja PARC modificada y Cribas en
torres respectivamente, en aquellos programas de control bioldgico por aumento que se desarrollen
anive regional.

Developing and Evaluation of the“Mexico Type’ Emergence Tower for Holding
Anastrepha spp. During the Packing and Releasing Process of Sterile Fruit Fliesin
M exico’

Martin Delos Santos.”, Yeudiel Gomez-Simuta', Edgar M. Cotoc’, José Luis Zavala-L 6pez?, Rubén
L eal-Mubarqui®

'Campafia Nacional Contra Moscas de la Fruta, SAGARPA/SENASICA/DGSV, Guillermo Pérez Vaenzuela
No. 127, D&l Carmén Coyoacén, C.P. 04100, México, D.F. *Programa Operativo
Moscamed/SAGARPA/IICA, Avenida Central Poniente No.14, Cal. Centro, C.P. 30700, Tapachula de
Cordoba y Ordufiez, Chiapas. *Servicios Aéreos, Bioldgicos y Forestales Mubarqui, Blvd. Enrique Cérdenas
Gonzédez No. 1356, Fracc. Los Arcos, C.P. 87040, Cd. Victoria Tamaulipas.

The environmental conditions into the pre-release emergence rooms play an important role for the
quality of the sterile insects. This environment includes the type and size of the fly holding
container and the specific ambient conditions of the holding room (IAEA, 2004). The
environmental conditions in the fly holding room are also potentially critical; parameters as light,
temperature, humidity, and barometric pressure may all play important roles in conditioning the
flies for their vital role in the field: surviving and attracting, courting, and copulating with wild
females. In 2002, the Florida Preventative Release Program against medfly began using a new
system, the Tower Eclosion (TE) system, for emergence and feeding of adults prior to field release.
This system offers several advantages, saving space, labor costs, reduce disposal and supply costs.
Considering this results in Ceratitis capitata, the National Campaign against Fruit Flies in Mexico,
developed a new emergence system for holding Anastrepha spp. during the packing and release
process of sterile fruit flies, “Mexico Type Emergence Tower”. The “Mexico Type Emergence
Tower” was evaluated using three different sterile fly densities of Anastrepha ludens and we found
no statistical differences among the densities evaluated and the control treatment. The sexual
behavior of Anastrepha ludens sterile flies when they were seven days old treated with Juvenile
Hormone and packed in Mexico Type Emergence Tower, showed statistically better behavior
compared with sterile flies packed in Worley Tower, in Montemorelos, Nuevo Leon, Mexico. The
result obtained presents a new alternative that can be considered for its implementation. This system
can enhance the quality of the flies considering that the insects are holding in relaxed environment
and the impact of stress for rdative humidity changes can be reduced.
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Development of a New Sterile Insect Aerial Release M achine
Rubén Leal Mubarqui, Roberto Angulo, Rene Cano, Américo Mireles

Servicios Aéreos, Biol dgicos y Forestales Mubarqui, BLVD Enrique Céardenas Gonzélez 1356, Fracc. Los
Arcos, Cd. Victoria, Tamaulipas. E-mail: rimubarqui @yahoo.com

A new aerial release machine (Mubarqui Release Machine.2) has been built and tested designed to
rdease 6.5 million sterile anastrepha ludens per release The MRM.2 was designed to be
economically feasible and autonomous (it can be transported in single engine Cessna 206, Piper
Cherokee, Maule m7). The main body of the MRM.2 is built in stainless sted and it is fully
isolated. Flies are kept in a specially designed cooled chamber. The container can be filled with
6,500,000 sterile flies. It has two electrical systems to generate air cooling: one in 12 or 24 volts
D.C. and the other on 110 volts A.C. Two options are used because power in aircraft is 12 or 24
VDC, and in the rearing facility is 110 VAC. The MRM.2 has a higher capacity container and
lower volume design, Air iscirculated by electrical fans in specially designed conductions that have
been included in the main body. This system eliminates water condensation and allows achieving a
uniform inside air temperature. The desired temperature is maintained by an eectronic control.
Flies are not dosed using an auger but a flat belt conveyor, avoiding mechanized damage, and are
released by an air flow produced by the aerodynamically suction from the external air flow. Sterile
flies are directed to the orchards. Field tests have demonstrated that the MRM.2 is capable of
maintaining the relative humidity and temperature in the requested conditions during 4 hours and
the flies was kept in optimal conditions, thermostat maintain the temperaturein 1 to 2 C degree with
less than 1% variation. Different controls are used to calibrate the sterile male adults' density,
varying 2 parameters, and belt speed and caliper gate. The MRM.2 temperatures and relative
humidity weretested. Thereafter, afield test was performed to assess the efficiency of the MRM.2.

Development of a New Software Runing on Internet for Sterile Fruit Flies Release

Rubén Leal, Roberto Angulo, René Cano

Servicios Aéreos, Bioldgicos y Forestales Mubarqui, BLVD Enrique Céardenas Gonzélez 1356, Fracc. Los
Arcos, Cd. Victoria, Tamaulipas. E-mail: rimubarqui @yahoo.com

A new software PROMOMED has been designed and tested to assure all involved actions in
integrated management and release of sterile insects. The software was designed to be a feasible and
friendly tool, which can be rune in any PC with internet by all involved actors: from production
facility to aerial release on field. The characteristics of this software are:

*  Web System compatible with any operating system and any explorer of Internet.

* |tisaninteractive system that tells on a data base adapted the needs of the program.

» Easeof use. Since for each area it shows a specific menu. This avoids that the user loses itself
between menus that are not going to use.

* Easy capture, important point since the system is administering the information. This means that
by each area the minimum information is captured and this is used for other areas in different
processes, with this is avoided the capture duplicity

* The system includes the areas of quality control, programming, release, recaptures, statistic and
geocontrol. It also has alibrary in which the system keeps the information from track of flight in
different formats and polygons.
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* Page Web Promomed (macx system). Is a program to assure quality of the different processes,
which include since pupa is received to adult aerial rdlease. This software also integrate the
information generated from aerial release, terrestrial release, recaptures, distribution percent,
trapping net, FTD, graphs of FTD, derile-wild rate, file downloading flight track, fast
consultations of plague movement, detection of buds, population dynamics. Thus also capacity
of downloading of the realized consultations and compatibility of all these files with the system
google earth. www.promomed.org.mx .

Incorporating Juvenile Hormone into the Mubarqui® Adult Diet to Enhancethe SIT
Effectivenessin the M exico National Campaign against Fruit Flies

Yeudid Gémez-Simuta’, Peter E. A. Teal?, Martin de los Santos’, José. M. Gutiérrez-Ruelas!,
Edgar M Cotoc', Arturo Bello- Rivera', Eduardo Camacho®

'Campafia Nacional Contra Moscas de la Fruta, SAGARPA/SENASICA/DGSV, Guillermo Pérez Vaenzuela
No. 127, Del Carmén Coyoacan, C.P. 04100, México, D.F., Agricultural and Veterinary Entomology,
USDA/ARS, Gainesville, Florida 32604, USA, *Comité Estatal de Sanidad Vegetal de Sinaloa, Av. Luis
Gonzé ez Obregon No. 2874 Coal. Bachiguaato C.P. 80149, Culiacan, Sinaloa.

The evaluation was redlized in two sites, the first one was at the sterile Mexican fruit fly packing
and release center (CEAF) of Montemorelos, N. L., Mexico, were one batch per shipment received
from Chiapas were randomly selected and two types of emergence towers (Worley and Mexico type
tower) were used for the test. The flies were packed and Mubarqui adult diet with methoprene was
provided as adult food. The same type of diet without methoprene was used as control treatment in
both types of towers. The second site was in Sinaloa, Mexico were sterile Mexican fruit flies were
packed in “Mexico type emergence towers’ and Mubarqui adult with methoprene was provided as
adult food and compared with diet without methoprene. The sexual behavior in both sites was
recorded. In order to evaluate the incorporation of Juvenile Hormones (JH) at massive levels, we
select two pilot areas (blocks) of approximately 3,000 has. in Montemorelos, Nuevo Ledn, Mexico
and 8 millions of JH treated flies per week were released; sterile flies without JH werereleased in
the second block used as control treatment. Werealized 16 replications and trapping monitoring and
fruit sampling was recorded. In Montemorelos, Nuevo Leon, Mexico, the 60% of Anastrepha
ludens holding in Mexico type tower shows sexual behavior after two days of released on field
against 20% of control. In another hand, 20% of A. ludens holding in Worley tower shows sexual
behavior after two days of released on field against 18% of control. The treatments with different
letter showed statistical differences. The 100% of A. ludens treated with Juvenile Hormone shows
sexual behavior after six days old insects at the fruit fly packing and release center of Sinaloa,
Mexico, while the control shows sexual behavior until 11 days old insects.

Flyagrafor the SIT: Can Melon Flies Get Juiced up, Too?

Donald O. Mclnnis', Ritsuo Nishida®, Keng-Hong Tan®

YUSDA/ARS/PBARC, 2727 Woodlawn Dr. Honolulu, HI, USA 96822
?|_aboratory of Chemical Ecology, Graduate School of Agriculture, Kyoto
University Kyoto, Japan 606-8502, *School of Biological Sciences,
Universiti Sains Malaysia, 11800 Penang, Mdaysia
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Chemotherapy to improve the sterile insect technique has been successfully applied on a mass scale
worldwide for the Mediterranean fruit fly, Ceratitis capitata. In this study, we have examined the
possibility of increasing the sterile male efficiency of the melon fly, Bactrocera cucurbitae, through
exposure of sterile males to one of several melon fly attractants- melolure, cuelure, and zingerone.
Reproductively mature and marked (dyed) sterile males of the melon fly genetic sexing strain were
exposed to one of several male lures. For the liquid attractants, melolure and cuelure, we exposed
each to malesin a cubical cage. For zingerone, pure crystal was exposed to males in a cubical cage
and a control cage was also maintained without exposure to any treatment. Wild flies wereraised on
zucchini fruit as larvae and maintained as adults in cubical cages until ca. 35-45 days old and
reproductively mature for field testing. On the test day, an equal number of wild and sterile males
(treated or control) werereleased into several field cages. Then, wild females were released into the
cage and mating activity commenced. Pairs were collected for several hours until mating activity
terminated. The male type, lab or wild, in each pair was determined by examination of the ptilinum
and the data recorded. The proportion of sterile matings in each treatment cage compared to the
control was calculated. Four or five replications of each treatment were performed. Results
indicated that exposure to melolure and cuelure raised the mating competitiveness of sterile males
ca. 25% (p < 0.01), while for zingerone it raised it ca. 20% (p< 0.05). Additional tests are planned
to evaluate zingerone exposed as a liquid, and further to know whether the effects of lure exposure
can last longer than a single day.

A 48-H Pre-Release Protein Diet is Sufficient to I ncrease Sexual Performance of Male
Queendand Fruit Flies Bactrocera tryoni (Diptera: Tephritidae)

Diana Perez-Staples™?, Christopher W. Weldon?, Aaron M. T. Harmer ®, Samud R. Collins?,
Phillip W. Taylor?

! Instituto de Biotecnologiay Ecol ogia Aplicada (INBIOTECA), Universidad Veracruzana, AP Postal 250,
Xalapa, Veracruz, MEXICO, diperez@uv.mx,  Centre for the Integrative Study of Animal Behaviour
(CISAB), Macquarie University, Sydney, NSW 2109 AUSTRALIA, cweldon@agalliform.bhs.mg.edu.ay;
3Department of Biological Sciences, Macquarie University, Sydney, NSW 2109 AUSTRALIA

Recent studies have shown that continuous access to a protein source (yeast hydrolysate) can
greatly enhance the sexual performance of male Queensland fruit flies ( Bactrocera tryoni ; ‘Q-
flies)). However, in Sterile Insect Technique programmes used to eradicate or suppress wild
populations, mass-reared Q-flies are typically fed only sucrose and water for up to 2 days before
release. Here we investigated whether adding a protein source to the diet of male Q-fliesfor a24- or
48-h window after emergence and then removing it is sufficient to enhance mating probahility,
latency to mate, copula duration, probability of sperm storage, number of sperm stored, female
remating tendency and longevity of male Q-flies. Protein-fed males were more likely to mate than
males fed only sucrose, especially when young. Protein-fed males also had shorter mating latencies
and longer copulations than protein-deprived males. Females mated by protein-fed males were
more likely to store sperm, stored more sperm and were less likely to remate than were females
mated by protein deprived males. Females were also less likely to remate if their first mate had been
large. Overall, providing male Q-flies access to a protein source for a 24- or 48-h window early on
in their adult life was sufficient to greatly enhance all assessed. M easures of performance. Although
24-h access was sufficient for a notable enhancement,further benefits were evident in males
provided 48-h access. Results are encouraging for Sterile Insect Technique programs used to
eradicate or suppress wild Q-fly populations.
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Optimising Irradiation Proceduresfor Sterilization of Queendand Fruit Flies.
Samue R. Collins, Chris Weldon', Connie Banos?, Phillip W. Taylor*
'CISAB, Macquarie University, North Ryde NSW 2109; ANSTO, Lucas Heights, Menai NSW 2234

The Sterile Insect Technique (SIT) is an important pest management program that is used for
containment and eradication of Queensland fruit fly (Q-fly) outbreaks. In SIT, flies are mass reared,
rendered reproductively sterile by gamma radiation, and then released. Sterile males mate with wild
females, preventing the production of viable offspring and instigating a population crash. The
present study is an important part of calibrating, validating and improving irradiation methods used
in the current Q-fly SIT program. We used routine IAEA/USDA/FAO quality control tests
including flight ability, longevity, sterility and mating competitiveness to assess the impact of
irradiation dose rate and target total dose on the product quality of mass reared Q-flies used for SIT.
We found a strong relationship between dose rate and over-shooting errors in target dose (currently
70-75 Gy) that resulted in significant reductions in longevity of irradiated flies. Further
investigations of target irradiation dose (60, 65, 70, 75 and 80 Gy) revealed reductions in longevity
and competitiveness as dose increased, while sterility induction remained adequate even at doses as
low as 60 Gy. The impact of dose rate and target sterilizing dose on the quality of mass reared Q-
flies, and the potential for revised protocols to yield flies of superior quality, is discussed.

(Afectan lasHembras Estériles d Desempefio Sexual de los M achos Estériles de
Anastrepha ludens (Diptera: Tephritidae)?

Dina Orozco D., José L. Quintero F., Salvador Meza H.

Programa M oscafrut SAGARPA-IICA, Centra Poniente No. 14,Cal. Centro, CP. 30700. Tapachula, Chiapas. E-mail:
cdecmoscafrut@yahoo.com.mx

La Técnica del Insecto Estéril (TIE) es un método de control exitoso en los cinco continentes para
suprimir y erradicar un gran nimero de especies de insectos plagas. Implica la cria, esterilizacion y
liberacion de un gran nimero de machos estériles para aparearse con hembras silvestre y asi reducir
la poblacion silvestre, sin embargo, estos procesos producen una alteracion significativa que incide
negativamente en e comportamiento sexual, por 1o que constantemente se buscan alternativas de
mejora. En afios recientes, € desarrollo de cepas modificadas genéticamente permitio la separacion
de los sexos. En Ceratitis capitata se observd que las cepas de solamente machos mejoran la
induccion de esterilidad en campo comparadas con cepas bisexuales. Sin embargo, solo un nimero
pequefio de pruebas de campo demuestran el potencial de liberar solamente machos. En la mosca
Mexicana de la fruta Anastrepha ludens (L oew), actualmente las liberaciones se realizan por medio
de cepas bisexuales. En un esfuerzo por medir € grado de impacto que puede presentar la liberacion
de solo machos de
A. ludens, se evalud bajo condiciones de jaula de campo, € comportamiento de apareamiento y la
induccion de esterilidad de machos de cria estériles con insectos silvestres bajo diferentes
densidades de liberacion en presencia y ausencia de hembras estériles. Este estudio indico que la
presencia de hembras estériles afecta significativamente el desempefio sexual de los machos
estériles con hembras silvestres. Se observé que la cantidad de machos estériles liberados es
proporcional a la esterilidad inducida en las poblaciones silvestres. Estos resultados indican que la
posibilidad de liberar sdlo machos estériles, puede mejorar la eficienciade la TIE parad control de
la Mosca Mexicana de lafruta A. ludens.
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Importancia del Tamario del M acho en la Recépula de Anastrepha ludens (Diptera:
Tephritidae)

Dina Orozco D., Ma. del Refugio Herndndez 1., José L. Quintero F., Salvador Meza H.

Programa Moscafrut. Central Poniente No. 14, Col Centro. CP. 30700. Tapachula, Chiapas. E-mail:
cdecmoscafrut@yahoo.com.mx

En este estudio evaluamos € efecto del tamafio del adulto en la eeccidn de parga, frecuencia de
codpula e induccién del periodo refractario de la hembra silvestre de la mosca Mexicana de la fruta
Anastrepha ludens frente a machos silvestres y estériles de laboratorio en competencia bajo
condiciones de laboratorio. En la competencia entre machos pequefios (pupa con didmetro de 2.15 a
2.45 mm) la hembra silvestre eligié para su primer apareamiento € 55.17 % a machos estérilesy €
68.42 % a machos silvestres, mientras que con machos grande (pupa con diametro de 2.60 a 2.90
mm) fue del 50% para ambos. La frecuencia de apareamientos de las hembras con machos
pequefios fue de 2.28 copulas por hembra, mientras que con macho grande fue de 1.80. En la
competencia entre machos grandes (2.60-2.90 mm de diametro) y pequefios (2.15-2.45 mm de
diametro) de laboratorio fértiles, la hembra silvestre eligio para su primer apareamiento € 20% a
machos pequefios y e 80% a machos grandes. Finalmente, € periodo refractario inducido por
machos pequefios fue significativamente mayor con machos silvestres que con machos estériles,
con machos grandes no se presentd diferencia significativa. En conclusion los resultados de este
estudio indican que la produccién de pupas grandes dentro de una cria es importante dentro de los
programas de control ya que los adultos grandes al competir con machos silvestres por la eleccion
de las hembras tendran mayor oportunidad de ser eegidos, ademés reducirén la posibilidad de que
la hembra vuelva a aparearse, disminuyendo la posibilidad de que la hembra cambie su gravidez de
infertilidad a fertilidad.

Development of Radio-Controlled Aircraft for Release Sterile Flies
Paulo C. F. H. Cavalcanti, Nuno M. S. N. Branco, Jair F.Virginio, A. Malavas

Medfly Rearing Facility, Juazeiro, Bahia, Brazil, malavas @moscamed.org.br

The Medfly facility is located in Sao Francisco Valley, in northeast of Brazil. The Valley has a
semi-arid climate, quite flat topography with elevation around 370 meters above sea level, and
around 80,000 hectares of fruit crops divided in irrigation districts reasonably isolated one from
another. A fruit fly suppression program employing SIT, cultural and chemical control is being
carrying out targeting medfly and Anastrepha species. The Valley has a perfect landscape and
agricultural land for the use of area-wide concept and control by SIT. Aerial releases are one of the
most important methods used in SIT programs. Fixed wing airplanes with manual or releasing
machine have been used in many SIT programs around the world. Radio-controlled aircrafts (RC
plane) for releasing chilled medfly adults were designed and tested as an alternative for regular
airplanes. The aircraft is 2.00 meters long, 3.60 m wingspan equipped with a 50 cc gas engine.
Three prototypes were tested and the latest one has 20 liters of loading capacity that can hold
around 1 million flies per flight. The RC plane is easy to operate in flat terrain and its flight is
limited by the operator visual contact. Usually the operator can fly a RC plane in an area of 50
hectares. The present model needs a runway 20 meters long for takeoff and 30 to 40 meters for
landing. The RC plane flight altitude ranges from 300 to 400 feet, releasing flies just above the
target orchards. The average speed is 50 to 60 km per hour during releasing procedures. The cost to
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release 1 million flies is US$ 85. RC plane under the Sao Francisco Valley is a good option, at low

cost and very reliable operation, releasing the sterile flies at low altitude and low speed, causing less
damageto theflies.

Esterilidad Inducida en Machosy Hembras de Anastrepha fraterculus (Wiedemann) -
Peru

Monica Alburquegue Quiroz, Rafadl Guillén Encinas

Servicio Nacional de Sanidad Agraria- SENASA, Av. LaMolina 1915, Lima-12, Pert.
mal burqueque@senasa.gob.pe, rguillen@senasa.gob.pe

Se efectud una serie de experimentos con € fin de determinar niveles de esterilidad en machos y
hembras aplicando dosis de radiacion gamma de 30, 40, 50, 60, 70 y 80 Gy hasta determinar la
dosis apropiada que asegure completa esterilidad, comprobandola con € seguimiento de fertilidad
de sus progenies. Seirradiaron pupas de 60, 48 y 24 horas antes de la emergencia de la colonia de
crianza artificial de Pert (origen Piura 2000, Lima 2002 e Ica 2004), cruzando 25 parejas de adultos
irradiados con no irradiados del sexo opuesto, colocados en envases plésticos con panel de
oviposicion, agua y alimento. El fotoperiodo fue de 10 horas luz y 14 oscuridad a 26.0 °C y 60%
HR. Los huevos colectados se alinearon en superficies humedecidas y se colocaron a 28 °C y 80%
HR, alos dos dias se transfirieron a dieta larvaria. Se realizaron lecturas de huevos eclosionados y
los adultos obtenidos como resultado se cruzaron con moscas no irradiadas del sexo opuesto
midiendo la fertilidad de la progenie reproduciéndola hasta estado adulto. Se logré determinar que a
partir de 50 Gy se obtiene esterilidad completa en hembras expuestas en estado de pupa a 60, 48 y
24 horas antes de la emergencia. Asimismo se determind que 70 Gy es la dosis para inducir
esterilidad completa en machos de pupas irradiadas a 60 y 48 horas antes de la emergencia, asi
como la dosis 80 Gy en pupas irradiadas a 24 horas antes de la emergencia, ya que las progenies de
estos individuos no son capaces de progresar a la siguiente generacion, dosis recomendables a
aplicar para redlizar las pruebas de competitividad de copula y su posterior aplicacion e
implementacion de la TIE de esta especie de mosca de la fruta en € Peru.

Aerial Release of Sterile Flies Using Radio-Controlled Aircraft

itala Damasceno', Paulo C. Cavalcanti®, Deise Campos', Kandice Andrade’, Meire Castro’,
Rodrigo Viana', Jair F.Virginio', Nuno Brancos', Beatriz J. Paranhos’, A. Malavasi®

"Medfly Rearing Facility, Juazeiro, Bahia, Brazil, malavasi@moscamed.org.br; ’EMBRAPA, CPTSA,
Petrolina, Pernambuco, Brazil

Sterile Mediterranean fruit flies, Ceratitis capitara, were realased over commercial 9.2 hectares
mango field using a radio-controlled aircraft 2.00 meters long, 3.60 m wingspan equipped with a 50
cc gas engine in Sao Francisco Valley, State of Pernambuco, Brazil. The objective was to evaluate
the use of RC aircraft as releasing method and determine the distribution pattern, recapture rate and
survivorship in the field. Flies 3-4 days old were knock down at -4°C for 15 minutes in the
laboratory and brought to the release point in ice cooler with dry ice 20 min driving. Three releases
of approximately 60,000 sterile males were carried out at 50 to 100 meters altitude and 50-60 km
speed in one single line through middle of the mango orchard with green fruit. After releases, 64
Jackson traps baited with trimediure were installed in days O, 1, 2, 4, 8 and 16 and expaosed for 2, 4,
6, 8, 8 and 8 hours, respectively. Spatial and temporal dispersal pattern of the released males were
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according decay models. The dispersion was not uniform and varied in each release. Recapture rate
ranged from 0.83 to 2.28%. The highest capture in day one after release and flies were found until
the 16" day. The data suggest that RC aircraft should be a good inexpensive alternative for aerial
release when compare with conventional airplane, take in consideration, release altitude, aircraft
speed during releases and flight precision over the target area.

Low-Cost Isotope Marking Method for the M editerranean Fruit Fly Ceratitis capitata
Wied (Diptera: Tephritidae)

Rebecca Hood-Nowotny!, Carlos Caceres™?, Islam Amirul®, Alan Robinson
YInternational Atomic Energy Agency (IAEA), Agency's Laboratories Seibersdorf, A-2444 Seibersdorf,

Austria; “Current address: USDA, APHIS, 12 Av. 4-65 Zona 10, Guatemla City, Guatemala. 01010.
carl os.e.caceres@usda.aphis.gov

A simple method of marking of Mediterranean fruit flies Ceratitis capitata (Wiedemann) using
stable isotopes is described. This species is an economically important pest in agriculture and has a
major impact on agricultural trade. It is a target species of many successful area-wide integrated
pest management (AW-IPM) programmes using the Sterile Insect Technique (SIT). Programme
monitoring in the field relies on being able to accurately differentiate released sterile insects from
wild insects so that estimates can be made of the ratio of sterile males to wild males. Typically,
released flies are marked with fluorescent dust 100 % reliable. All known species of fruit fly feed
on C3 plants in the wild which have a carbon isotope signature of around -28%. on an
internationally recognised scale. However, aimost all mass rearing facilities use cane sugar in the
larval and adult diet which is a C4 sugar sources (with a signal of around -11%.) and this could
provide a an easy signature to differentiate released flies from wild flies. To test this approach,
samples of flies from several operational field programmes from the field and the facility were
analysed. It was clearly demonstrated that using C4 sugar in the larval rearing diet was an effective
and economic way of intrinsically labelling Mediterranean fruit flies and it was possible to
distinguish mass reared from wild populations with greater than 95% confidence. The C4 marker
was detectable and distinguishable from wild populations up to twelve days after “release’. This
technique could be extending to any other SIT programs for other fruit flies species that use similar
rearing protocol than Medfly.

Male M ating Competitiveness and Sterility Induction into Cohorts of Wild
Anastrepha ludens (Diptera: Tephritidae) by Mass Reared FliesIrradiated at
Different Doses

Juan Rull*, José Arredondc?, Santiago Moraté, Gloria Ruiz*

Ynstituto de Ecologia, A.C., Apartado Postal 63, C.P. 91000 Xalapa, Veracruz; 2 Subdireccion de Desarrollo
de Mé&odos, Programa Moscafrut SAGARPA-IICA, Central Poniente No. 5, 37000 Tapachula, Chiapas,
México.

In several tephritid species females are more radiosensitive than males, in order to achieve 100%

sterility of both males and females in bisexual strains released as part of Sterile Insect Technique
programes, high doses of irradiation have to be applied. Substantially lower doses are sufficient to
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completely suppress egg production in irradiated females and still achieve levels of sterility above
95% in males. Males irradiated at low doses may be more competitive in terms of mating success
than males irradiated at high doses, compensating for releases of some fertile individuals. Here we
compared male mating success and sterility induction of bisexual cohorts of Anastrepha ludens
irradiated at a high (regular dose applied before release) and a low dose (dose applied to achieve
egg production suppression in females) into a cohort of wild field collected Mexican Fruit flies. In
field cages, males irradiated at high doses were accepted lower numbers than wild males by wild
females, while males irradiated at low doses were accepted in similar numbers than wild males. Egg
hatch of eggs laid by wild females released in cages with a) wild males, b) wild males and flies
irradiated at low doses, and c) wild males and flies irradiated at high doses was highest for females
recovered from cages with wild males (a), followed by cages with wild males and flies irradiated at
high doses and was the lowest for cages with wild males and fliesirradiated at low doses (b).

Desarrollo deuna Dieta Larvaria a Base de Tempe de Garbanzo (Cicer arietinum L.)
Como Fuente de Proteina Para Anastrepha ludensy Anastrepha obliqua (Diptera:
Tephritidae)

Emilio Herndndez', José Pedro Rivera', Rafad Gonzélez Jiménez®, Miguel Salvador F.?, José Caro
Corrales®

Subdireccion de Desarrollo de Méodos, Programa Moscafrut SAGARPA-IICA, Central Poniente 14. C.P.
30700. Tapachula Chiapas. E-mail: emilioho@prodigy.net.mx; “Centro de Biociencias, Universidad
Auténoma de Chiapas, Carretera Puerto Madero. Km. 2.0. C.P. 30700. Tapachula Chiapas. México; *Maestria
en Cienciay Tecnologia de Alimentos, Facultad de Ciencias Quimico Biol dgicas, Universidad Auténoma de
Sinaloa. Culiacan, Sinaloa, México.

La Planta Moscafrut produce semanalmente 220 y 40 millones Anastrepha ludens y A. obliqua
respectivamente, utilizando dietas larvarias preparadas con levadura tipo torula como principal
fuente de proteina y vitaminas, con las cuales se obtienen larvas con peso menor en comparacion
con larvas obtenidas de frutos. Por dlo se buscan fuentes alternativas ricas en proteina como es €
caso del “tempe’, € cua es producido mediante fermentacion en estado solido de la harina de
semillas de leguminosas por € hongo Rhizopus oligosporus. Con base en € contenido proteinico
del tempe se formularon nuevas dietas larvarias para A. ludens 'y A. obliqua. La fuente de proteina
en la dieta control fue la mezcla de harina de maiz+levaduratorula, en las dietas de prueba € tempe
sustituy6 a cada uno, quedando los tratamientos como tempetlevadura torula y tempet+harina de
maiz. Para A. ludens no se observé diferencia significativa al sustituir la harina de maiz por €
tempe, pero al sustituir la levadura por e tempe los pardmetros de produccion disminuyeron
significativamente. La transformacion de huevo a larva disminuyé de 93.3 a 83.8%, € peso larvario
de 32.4 a25.9 mg, la pupacion 24 horas de 98.1 a 97.9 %, €l peso depupade23.8a18.3mg y la
emergencia de adultos de 98.2 a 97.3 %. Para A. obliqua los pardmetros analizados no presentaron
diferencia significativa entre las tres dietas probadas, con valores de transformacion de huevo a
larva de 88.9%, peso larvario de 18.6 mg, pupacion 24 horas de 98.5 %, peso de pupa de 15.8 mg,
emergencia de adultos de 84.7 % y 79.3 % de voladoras. Los resultados indican que e tempe de
garbanzo es una buena fuente de proteina alternativa como sustituto de la levadura en la dieta de A.
obliqua y como sustituto de la harina de maiz para A. ludens.
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Uso delalrradiacién para Propositos Fitosanitarios
Arved Deecke

BENEBION, Av. Vallarta 6503, Torre Corey Piso 10-B, Cal. Ciudad Granjas, Zapopan, Jalisco, 45010,
México, arved.deecke@benebi on.com, www.benebion.com

Panor ama fitosanitario

En e comercio internacional de productos agricolas, la mayoria de los gobiernos han establecido
programas de proteccion fitosanitaria con € fin de evitar posibles infestaciones de plagas gjenas,
gue son complgos en su naturaleza, exigiendo cuarentenas parciales o totales, o en su caso, la
aplicacion de tratamientos dirigidos ala diminacién de esas plagas especificas.

En México, € esfuerzo principal de las entidades gubernamental es encargadas de la sanidad
vegetal se han enfocado en combatir la presencia de la Mosca Mexicana de la Fruta (Anastrepha
ludens (Loew)), asi como prevenir la invasion de la Mosca Mediterrdnea de la Fruta (Ceratitis
capitata (Wiedemann)) de Guatemala hacia nuestro pais. Estos trabajos también han tenido un
impacto favorable en prevenir las apariciones en los Estados Unidos de este tipo de plagas, siendo
un requisito para aceptar laimportacion de frutas mexicanas en ese pais.

Para este Ultimo objetivo, € Departamento de Agricultura de los Estados Unidos (USDA)
colabora de manera cercana con la Secretaria de Agricultura de México (SAGARPA) y a través de
la Direccion General de Sanidad Vegetal (DGSV), se ha establecido un cordon fitosanitario, para
proteger la region norte del pais, exigiendo tratamientos' y certificacion para productos hospederos
de la mosca de la fruta que ingresan a esas zonas; dicho cordon de seguridad que va desde Nayarit
hasta Veracruz, cruzando toda la Republica Mexicana, de manera que aun para la movilizacion
nacional de estos productos, son requeridos dichos tratamientos (Figura 1).

La Organizacion de las Naciones Unidas (ONU), a través de organismos multinacionales
como la FAO, d OIEA vy otras agencias nacionales e internacionales, han estado promoviendo €
tratamiento de irradiacion gamma con fines fitosanitarios, que ya fue aprobado por USDA desde €l
23 de octubre de 2002; desde entonces, las normas vigentes han sido ampliadas constantemente
para ser capaces de alcanzar una mejor utilizacion de esta tecnologia. El proceso ha sido acelerado
por la necesidad identificada de la comunidad internacional de eliminar los principales fumigantes
quimicos, como € bromuro de metilo, que contribuye de forma substancial a los cambios
climatol égicos através del efecto invernaderoy € dafio ala capa de ozono del planeta.

Lairradiacién gamma par a propositos fitosanitarios

La irradiacion de frutas frescas hospederas de mosca mexicana de la fruta es una alternativa de
tratamiento eficaz, por la capacidad de penetracion que tiene la radiacién gamma en la fruta, lo que
permite neutralizar esa plaga y algunas otras. La tecnologia de irradiacion gamma ofrecida por
BENEBION tiene adicionalmente &l beneficio de tratar la fruta en tarimas industriales, 1o que evita
la manipulacion excesiva de la misma, reduce mermas del producto y el riesgo de reinfestacion.
Esta tecnologia est& aprobada en México como una alternativa de tratamiento fitosanitario® (Figura
2).

1 Ver Norma Fitosanitaria NOM-075-FITO-1997
2 \Ver Norma Mexicana NOM-022-FITO-1995
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Zonas of low cocurancos
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. A Regional programms

B - & SAGARPA Inspection Stations
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Image courtesy of MDS Mordion

Figura 2.- Esquema de irradiador gamma de tarimas industriales® que BENEBION esta
construyendo en Matehuala, SLP

3 (Private) Licensing Information Package for the |R-224/225 Two Pass Parallel Row Pallet Irradiators,
PHYTOSAN, MEX by MDS Nordion
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Requerimientos de empaque

L os gobiernos de México y los Estados Unidos han firmado un Plan de Trabajo Operacional* para
la exportacién a vecino pais de algunas frutas frescas hospederas de mosca de la fruta, donde se
especifican los requerimientos de empaque y las caracteristicas que deben cubrir las empacadoras y
las instalaciones de irradiacion para tratar dichas frutas frescas, que deberén estar empacadas en
cajas de cartdn a prueba de insectos, para prevenir la ovipositacion en la fruta de las cajas y apiladas
en tarimas industriales.

La tecnologia de la irradiacion con fines fitosanitarios para frutas frescas presenta ventajas
importantes para los productores, los exportadores, las agencias gubernamentales y los
consumidores, asi como para € ambiente, en comparacion con los tratamientos convencionales en
los que se utiliza € bromuro de metilo o algunos tratamientos térmicos que se usan actual mente.
Dichas ventagjas incluyen:

e Proceso industrial altamente reproducible, 10 que garantiza una erradicacion exitosa de una
gran gama de plagas de insectos con alta eficacia.

e Muchos tipos de fruta que no pueden ser exportados actualmente, por no ser factibles de
tratar por méodos convencionales, podran tratarse a través de la irradiacion con resultados
satisfactorios y sin dafios a los productos.

e Tiempo de procesado rapido (del orden de una horay media por embarque).

e Procesamiento completo en tarimas comerciales y sin manipulacién adicional.

e Costos bajos en comparacion con procesos alternativos.

e Unnivel elevado de seguridad alimenticia microbiana.

e Sinimpactos ambientales.

o Potencial de aumentar la vida de anaquel del producto.

e Megoralainocuidad del producto.

* IRRADIATION OPERATIONAL WORK PLAN Between México and United States of America. October
2007
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Evaluacion del Lufenuron como Quimioesterilizante contra M oscas de la Fruta del
Género Anastrepha Schiner (Diptera: Tephritidae)

Pilar Moya-Sanz*, Juan Sanchis-Cabanes', I|defonso Ayala’, Salvador Flores?, Pablo Montoya®

Centro de Ecologia Quimica Agricola, Universidad Politécnica de Valencia, Camino Verasin, CP 46071,
Valencia, Espafia. ?Subdireccion de Desarrollo de Métodos, Programa Moscafrut SAGARPA-IICA, Av.
Central Poniente 14, Cal. Centro, CP 30700, Tapachula,

Chiapas, México

El lufenurdn es un regulador de crecimiento con eficacia demostrada como quimioesterilizante en e
control de la mosca del Mediterréneo Ceratitis capitata (Wied.). Los quimioesterilizantes pueden
constituir una alternativa asequible en el caso de especies de moscas donde la implementacion de la
Técnica del Insecto Estéril no sea una alternativa viable; por g emplo Anastrepha striata Schiner y
A. serpentina (Wied.), especies de importancia econdmica en diferentes paises de América Latina.
En este trabajo se evalud la susceptibilidad al lufenuron de cuatro especies del género Anastrepha
Schinner de importancia en México. Los adultos maduros se colocaron en jaulas de 30x30x30 cm
con paredes de malla mosquitero y fueron alimentados por 24 h con lufenuron (100, 500, 1,000,
5,000. 10,000 y 30,000 ppm, mezclado con proteina y azicar (3:1). Cada tercer dia se colocaron
hospederos artificiales por 24 h; y durante 11 dias se cuantifico la eclosion larvaria. También se
realizaron pruebas cruzadas: 1) hembras tratadas/machos sanos, 2) hembras sanas/machos tratados y
5) hembras sanas/machos tratados. Todas concentraciones de lufenuron redujeron
significativamente la fertilidad en A. ludens hasta € dia 11, pero posteriormente los valores se
incrementaron aunque sin alcanzar los registros del testigo. En A. obliqua la reduccion fue dréastica
durante todo € tiempo de estudio. Con A. serpentina e impacto se observé en € primer dia'y
posteriormente hubo una recuperacion paulatina pero constante. En el caso de A. striata @ efecto
fue significativo, excepto para la dosis de 100 ppm. Las pruebas cruzadas indicaron que en A.
ludens, A. obliqua y A. serpentina la esterilidad no se transmitié de machos a hembras ya que los
valores de eclosion de huevecillo fueron similares a los obtenidos con individuos sanos. Solamente
en @ caso de A. striata la cruza de machos tratados con hembras sanas redujo significativamente la
fertilidad del huevecillo.

Novel Bait Stationsfor Attract-and-Kill of Pestiferous Fruit Flies (Tephritidae) in
Hawalii

Jaime C. Pifiero”, Ronald F.L. Mau', Roger |. Vargas®

YUniversity of Hawaii at Manoa, College of Trop. Agric. & Human Resources. 3050 Maile Way, Honolulu,
HI 96822. 2U.S. Pacific Basin Agricultural Research Center, USDA-ARS, P.O. Box 4459, Hilo, HI 96720* -
mail: jpinero@ctahr.hawaii.edu

Behavioral approaches to the management of fruit flies are an excellent aternative to the

conventional application of insecticides. Bait stations represent one type of attract-and-kill
approach to fruit fly management. We developed a nove rain-fast bait station that takes advantage
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of the flies need for shelter and their strong response to yellow color while protecting GF-120 Fruit
Fly Bait against rainfall. Here we describe both the physical characteristics and the performance of
the novel bait stations under semi-field and field conditions. In particular, we aimed at quantifying
(2) the response of adult B. dorsalis to three different dilutions of GF-120 Fruit Fly Bait in order to
identify the optimal concentration of GF-120 for use in association with these bait stations, and (2)
the relative attractiveness of GF-120 aged for different time periods when in association with the
novel bait stations to female B. dorsalis. The novel bait stations proven very effective in protecting
GF-120 Fruit Fly Bait against rainfall, and therefore, they represent an alternative to foliar bait
sprays under conditions of high rainfall. Compared to foliar sprays, the novel bait station enhances
the behavioral response of fruit flies to GF-120 while increasing the longevity of GF-120. The bait
station also reduces the amount of GF-120 used per hectare compared to foliar sprays, thereby
providing an additional economic benefit to growers while reducing contamination of underground
water. In conclusion, the novel bait stations have proven very effective in attract-and-kill of not
only B. dorsalis, but also of B. cucurbitae (the melon fly). Therefore there is the potential of using
this device against other economically important species of fruit flies. This technology represents
for growers a simple, efficient and economical way of controlling fruit flies and a safer alternative
tofoliar sprays.

Managing Oriental Fruit Fly Bactrocera dorsalis, Using Spinosad-Based Protein Bait
Spraysin Papaya Orchardsin Hawaii

Jaime C. Pifiero’, Ronald F.L. Mau', Roger |. Vargas®

YUniversity of Hawaii at Manoa, College of Trop. Agric. & Human Resources. 3050 Maile Way, Honolulu,
HI 96822, 2U.S. Padific Basin Agricultural Research Center, USDA-ARS, P.O. Box 4459, Hilo, HI 96720; *e-
mail: jpinero@ctahr.hawaii.edu

Management of tephritid flies in many areas of the world has traditionally relied on frequent
applications of broad spectrum insecticides. We evaluated the efficacy of sprays of GF-120 Fruit
Fly Bait, in combination with two additional fruit fly management methods, in reducing populations
of oriental fruit fly, Bactrocera dorsalis, in papaya orchards in Hawaii. Our main goal is to develop
and implement environmentally acceptable and sustainable pest management strategies that reduce
use of broad spectrum insecticides while suppressing fruit flies to economically manageable levels.
The study was conducted in papaya orchards located in the Puna district of the island of Hawaii, in
an area comprising 150 hectares in production. Fruit fly management tactics used included field
sanitation (by growers), use of the highly attractive male-specific lure methyl eugenol and weekly
sprays of GF-120 Fruit Fly Bait to papaya tree foliage and bordering plants. Results were assessed
weekly using traps that monitored local populations of females and every 6 weeks by sampling fruit
to determine leve of infestation. Weekly applications of GF-120 Fruit Fly Bait, when combined
with field sanitation and mass trapping of males, led to a significant reduction in both the number of
females captured in monitoring traps and levels of fruit infestation of papaya fruit in the treated
plots compared to the control plots. Parasitism by Fopius arisanus was not negatively affected by
the applications of the protein bait. In Conclusion: An environmentally-friendly approach to
managing Oriental fruit fly, B. dorsalis was evaluated with high success in an extensive area in
Hawaii. With additional research currently being conducted, this technology will be transferred
shortly to papaya growers in Hawaii.
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Evaluation in Vitro of Potential Bio-I nsecticidal Effects of Neem, Azadirachtaindica,
on Fruit Flies Anastrepha obliqua and A. ludens

Héctor Cabrera-Mireles', Fernando Bahena-Juérez', Dora Alicia Ortega-Zaleta', Féix David
Murillo-Cuevas', Abraham Garcia Chavez®. Hector Cabrera04@Y ahoo.Com.MXx.

Y nstituto Nacional de Investigaciones Forestales, Agricolasy Pecuarias (INIFAP)
2| nstituto de Investigaciones Quimico Bioldgicas, Universidad Michoacana de San Nicolas (UMSNH)

Thefruit flies Anastrepha obliqua y A. ludens are economic important pests for the tropical fruits of
the State of Veracruz, Mexico. These species survive autumn and winter season feeding on fruits of
wild hosts that exist in small numbers in this region: fruits of these hosts commonly are consumed
as fresh fruit immediately after harvested. Plantations of Neem have been increased in Veracruz,
due to its popularity for human consumption and because of its insecticide properties. Therefore it
was considered suitable to evaluate the effect of seeds-extracts of Neem in the mortality of adults of
A. ludens and A. obliqua and also determining its effects on flies's fecundity, fertility and their
success in reaching the adult state Flies (sexually mature, both sexes) were exposed to
concentrations of 3000, 4000 and 6000 ppm of alcoholic-watery extract, provided by oral route in
the water to drink and by contact spreading it on the oviposicion substrates during 10 consecutive
days. The response variables were the mortality of individuals at the different stages: eggs, larva,
pupal and adult (females and males). The concentration of 4000 ppm showed a partial effect in the
studied variables, but the concentration of 6000 ppm showed a noticeable negative effect on the
fecundity, fertility, and on the total efficiency in preventing that the adult state, after the first two
days of exposition to the extracts. The effects on each species are discussed. The concentration of of
seeds-extracts of Neem at 6000 ppm as potential treatment for combat of A. obliqua and A. ludensis
considered suitable

Eficiencia del Tratamiento Hidrotérmico e Hidroenfriado y su Efecto sobre la Calidad
dd Mango Cv. Ataulfo de Chiapas I nfestado con la M osca del M editerraneo, Ceratitis
capitata (Diptera: Tephritidae)

Emilio Herndndez, Bigail Bravo, Arseny Escobar, J. Pedro Rivera, José Manuel Gutiérrez, Pablo
Montoya

Subdireccién de Desarrollo de Métodos, Programa MOSCAFRUT (Convenio SAGARPA-
[1CA); emilioho@prodigy.net.mx

El tratamiento hidrotérmico por inmersion en agua caliente y enfriado a aire libre para mangos Cv.
Ataulfo del estado de Chiapas infestados con C. capitata fue determinado con larvas de segundo y
tercer estadio de una colonia de laboratorio establecida con moscas capturadas en Guatemala, que
corresponden a poblaciones descritas por los haplotipos AAA, AAN y ANN. Existe evidencia de
que € estadio més tolerante es la larva de primer instar. El objetivo de este trabgjo fue validar €
tratamiento comercial actual que consiste en sumergir 10s fruto en agua a temperaturainicial de 47°
C, la cual a minuto 6 disminuye a 46.6 °C, a minuto 31 disminuye a 46.5°Cy en & minuto 50
disminuye a 46.5 permaneciendo hasta € final del tratamiento, con lo cua se logra que la
temperatura de la pulpa del fruto al término del tratamiento alcance los 46.1° C e inmediatamente se
enfria en agua a >23°C. Ademés se determino su efecto sobre la calidad del fruto. Los resultados
obtenidos con 30,000 individuos indicaron que € tratamiento hidrotérmico causa € 100% de
mortalidad de huevos de 12 y 36 h, larvas de primer, segundo y tercer estadio en frutos infestados
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en forma artificial. La mortalidad fue determinada con base en € numero de individuos que
terminaron su desarrollo hasta larvas de tercer estadio y que puparon en un periodo de cinco dias
después de su separacion de la dieta. Los testigos de frutos infestados que no recibieron tratamiento
hidrotérmico presentaron una sobrevivencia mayor del 90%, con lo cual se concluye que la
mortalidad en los tratamientos fue causada por la inmersién en agua caliente. Los datos de calidad
fueron determinados a los 3, 6, 9 y 12 dias, indicaron que la inmersion de los mangos en agua
caliente causd pérdida significativa de peso y firmeza. Se observaron cambios significativos en
color, pH y grados Brix®.

Evaluacion del Efecto Inhibidor del Quitosan en e Desarrollo de Diferentes Estados
Inmaduros de la M osca M exicana de la Fruta Anastrepha ludens.

Rafadl Gonzélez Jiménez', Maria de L ourdes Adriano Anaya', Emilio Hernandez Ortiz?, Miguel
Salvador Figueroa®

Centro de Biociencias, Universidad Auténoma de Chiapas. Area de Biotecnologia, Carreteraa Puerto
Madero Km. 2.0 Tapachula, Chiapas “Programa Moscafrut SAGARPA-IICA, Subdireccion de Desarrollo de
Métodos, Departamento de Colonizacion y Cria. Metapa de Dominguez, Chiapas.

El quitosan es un polimero que se obtiene por desacetilacién parcial de la quitina. Se ha empleado
como recubrimiento de semillas, como aditivo en alimentos para animales, como espesante en
alimentos, entre otras cosas. Trabajos preiminares demostraron que e biorrecubrimiento de frutos
de mango cv. Ataulfo con quitosan, ademas de inhibir € crecimiento de hongos fitopatdgenos,
inhibe e desarrollo de huevos de Anastrepha ludens. Para dilucidar si € quitosan directamente
influye en e desarrollo de los huevos de A. ludens, o solo es un efecto de barrera, @ objetivo del
presente trabajo fue determinar el efecto del contacto directo del quitosan sobre € desarrollo de
huevos y larvas de A. ludens. Se utilizd quitosan de alto, medio y bajo peso molecular, en
concentracion de 2, 1, 0.5 y 0.25%, disuelto en acido ascérbico o acético o tartarico o lactico, al
0.1M. El huevo se expuso a las soluciones de quitosan en columnas de burbujeo. Las larvas se
expusieron afladiendo la solucion de quitosan a la dieta. Se encontré efecto biocida del quitosan
sobre las larvas. Dicho efecto fue mayor en larvas de primer estadio, con quitosan de bajo peso
molecular y con la mayor concentracién del polimero. Por otro lado, en las larvas de primero y
segundo estadio sobrevivientes se observo retraso en su desarrollo. En huevos no se observd
modificaciones en la cinética de emergencia de larvas.

Cold Quarantine Treatment for Mediterranean Fruit Fly, Ceratitis capitata Control in
Peppers

Maria Elvira Villagrén, Gerardo Gastaminza, E. Willink

Estacion Experimental Agroindustrial Obispo Colombres (EEAOC). Av William Cross 3.150-CP 4101 XAC
- Las Tdlitas - Tucuman Argentina. E-mail:melviravillagran@ eeaoc.org.ar

SENASA (National Plant Protection Organization) in Argentina established methyl bromide
fumigation as a desinfestation treatment for fruit flies in peppers (Capsicum annuum). Although this
treatment is effective for Ceratitis capitata control, it affects the quality of the fruits, and has
noxious effects on the environment. For this reason alternative quarantine treatments are looked for.
The aim of this work was to develop a low temperature treatment for C.capitata control in peppers.
The tests consisted on insect removal of fruits inoculated artificially with the most tolerant stage
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(third instar larvae) to cold. Development of the quarantine treatment was carried out in two stages,
small and large scale tests. The first set of tests included treatments of 3,000 viable insects at
different exposure times (13, 14 and 15 days) at 1 + 0,5 °C. The second set of tests were done to
confirm the eimination of more than 30,000 third instar larvae with the schedule achieved in the
previous tests. After treating 40,336 third instar larvae at 1 + 0,5 °C for 14 days no viable larvae
were found ( ED 999026 , 95 % confidence level). With this treatment at low temperatures the
complete elimination of C. capitata was achieved and could be proposed as an alternative treatment
to the fumigation with methyl bromide in pepper for its commercialization.
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Classical Biological Control Releases of the Natural Enemies, Fopius arisanus (Sonan) and
Diachasmimorpha longicaudata (Ashmead), against Oriental Fruit Fly in French Polynesia

Roger |. Vargas', Luc Leblanc?, Rudolph Putoa®, Jaime Pinero?

U. S. Pacific Basin Agricultural Research Center, USDA, ARS, P.O. Box 4459, Hilo, HI 96720
(Roger.vargas@ars.usda.gov),
2 Department of Plant Environmental Protection Science, University of Hawaii, Honolulu, HI 96822.
3Service du Dévelop. Rural, Dept. Protection des Végéaux, B.P. 100, Papeete, Tahiti, 98713, French Polynesia.

Introduction

Criental fruit fly (OFF), Bactrocera dorsalis (Hendd), is considered to be among the five most damaging
and aggressive pest fruit flies in the world. (Leblanc and Putoa 2000). It is distributed throughout Asia,
including Bhutan, southern China, India, and Thailand (White and Elson-Harris 1992). Bactrocera
dorsalis is native to tropical Asia and has been accidentally introduced into the Commonwealth of the
Northern Mariana Islands in 1935, Hawaii in 1945, Guam in 1948, Nauru in the 1980's, and Tahiti in
1996 (Leblanc and Putoa 2000). One hundred twenty-four hosts of B. dorsalis have been recorded for
tropical Asia (Allwood et al. 1999). Recently, two species in the B. dorsalis complex have become
established on two new continents: Bactrocera carambolae Drew and Hancock, the carambola fruit fly, in
Suriname in South America, and Bactrocera invadens Drew, Tsuruta & White in Kenya in Africa (Drew
et al. 2005; Rousse et al. 2005).

Four economically important fruit flies have become accidentally established in French Polynesia:
Bactrocera kirki (Froggatt) in 1928, B. tryoni (Froggatt), Queensland fruit fly, in 1970, B. dorsalis, in 1996,
and B. xanthodes, Pacific fruit fly, in 1998 (L eblanc and Putoa 2000). At the time of these studies, B. dorsalis
had been reported only in the Society Islands and B. xanthodes only in the Austral Islands. Circumstantial
evidence suggests that B. dorsalis was introduced into French Polynesia from Hawaii. Large-scale
eradication programs were conducted on Tahiti and Moorea Islands in 1997. They included applications
of methyl eugenol (Steiner et a. 1965) and protein bait (Steiner 1952) with insecticides. After many
treatment campaigns, B. dorsalis populations were reduced to a few small pockets on both islands.
Nonetheless, by 2001, B. dorsalis populations rebounded and, additionally, spread to other French
Polynesia islands of the Society Island group including Raiatea, Tahaa, and Huahine. In 2007 it was
recovered in the Marquesas Islands. Reported here are studies on the impact of the B. dorsalis natural
enemies, Fopius arisanus (Sonan) and Diachasmimorpha longicaudata (Ashmead), introduced into
French Polynesia from Hawaii.

Materials and M ethods

Fruit Fly Abundance and Their Host Fruits

Fruits of Psidium guajava L. (guava), Inocarpus fagifer (Parkinson) Fosberg (Polynesian chestnut),
Terminalia catappa L. (tropical ailmond), and Mangifera indica L. (mango) trees were commonly
encountered and collected along major roadways of Tahiti Island. Other host fruits in various quantities
were collected sporadically throughout the year, but due to unpredictable fruiting patterns and scattered
nature of trees along roadsides, numbers of fruits sampled varied. Fruits were weighed and placed in
batches on wire metal screen (43 by 28 by 6 cm) inside plastic holding boxes (50 by 32 by 15 cm) that
contained 1.5 cm of fine sawdust and were held for 3 wk. Sawdust from fruit holding boxes was sifted
weekly. Pupae were transferred to smaller plastic containers and held until emergence of flies or
parasitoids. Fruits and recovered pupae were held in a room maintained at 22 + 5°C, ambient (40-90%)
RH, and a 12:12 (L:D) h photoperiod. Numbers of fruit flies and parasitoids that emerged were recorded.
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I mpact of F. arisanus Releases

Fopius arisanus wasps were from a colony maintained for 150 generations at the United States
Department of Agricultures (USDA), Agricultural Research Service (ARS), Pacific Basin Agricultural
Research Center (PBARC) facility in Honolulu, HI. Ten shipments of F. arisanus (of approximately
50,000 each for a total of 523,127 wasps) inside fruit fly pupae were sent by airplane to Tahiti Island
between December 2002 and October 2004. Similarly, five shipments of D. longicaudata (of
approximately 5,000 each for a total of 10,000 wasps) were sent between April 2007 and August 2008.
Parasitiods were transferred from Faaa International Airport to the Service du Développement Rural
Laboratory in Papara, Tahiti. A small laboratory was established at Papara for evaluating parasitism in the
field, rearing small numbers of fruit flies, and rearing wasps for augmentative releases of F. arisanus
according to the methodology of Harris et al. (2000).

Data Processing and Statistical M ethods

For P. guajava, . fagifer, and T. catappa fruit collections throughout Tahiti Island, data for numbers of B.
dorsalis, B. tryoni, and B. kirki recovered from fruits were pooled by year (1998 to 2006), and fruit fly
species per kg calculated. Percent parasitism by F. arisanus (number of adult F. arisanus/number of
adult B. dorsalis + B. tryoni + B. kirki + F. arisanus) was calculated for the years 2003 to 2006. To
determine the impact of F. arisanus on fruit fly species, fruit fly (B. dorsalis, B. tryoni, and B. kirki)
emergence per kg of fruit was compared for 2002 (before F. arisanus releases) and 2006 (after F.
arisanus releases) as a percent decrease in infestation for P. guajava, |. fagifer, and T. catappa fruit
collections. Limited preliminary data were evaluated for D. longicaudata.

Results

Par asitism and Suppression of Fruit Flies.

Fopius arisanus was recovered from 15 different host plant species. For collections of P. guajava fruits
for Tahiti Island, F. arisanus parasitism was 2.1, 31.8, 37.5, and 51.9% for fruits collected during 2003,
2004, 2005, and 2006, respectively (Table 1). From 2002 (before parasitoid releases) to 2006 (after
parasitoid releases), there was a subsequent decline in numbers of fruit flies emerging (per kg of fruit) by
B. dorsalis, B. tryoni, and B. kirki of 75.6, 79.3, and 97.9%, respectively. For all collections of I. fagifer
fruits for Tahiti Island, F. arisanus parasitism of fruit flies was 2.4, 9.2, 38.8, and 42.0% for 2003, 2004,
2005, and 2006, respectively. From 2002 to 2006 there was a subsequent decline in numbers of fruit flies
emerging (per kg of fruit) by B. tryoni and B. kirki of 69.0 and 94.0%, respectively. There was no decline
in numbers of B. dorsalis emerging from this fruit. For all collections of T. catappa fruits for Tahiti
Island, F. arisanus parasitism of fruit flies was 0.6, 5.6, 12.3, and 49.8% for 2003, 2004, 2005, and 2006,
respectively. From 2002 to 2006 there was a subsequent decline in numbers of fruit flies emerging (per
kg of fruit) by B. dorsalis, B. tryoni, and B. kirki of 65.8, 80.2, and 91.8 %, respectively. During 2006,
mean (z sd) F. arisanus parasitism for fruit flies infesting P. guajava, |. fagifer, and T. catappa fruits was
479 + 5.2 %. Although F. arisanus was released along the coast in only nine communities, it spread
rapidly and was recovered from 21 of 21 communities on Tahiti Island in 3 yr. Similarly, after releases on
other islands, F. arisanus was reared from fruits collected on Moorea, Huahine, Tahaa, and Raiatea
Islands.

On Tahiti Island, to increase fruit fly parasitism rates, a second species of parasitoid, D.
longicaudata, a larval-pupal parasitoid, was introduced into French Polynesia in April 2007. In March
2008 D. longicaudata was confirmed established in Tahiti. Thus far, D. longicaudata has been recovered
from breadfruit, Artocarpus altilis (Parkinson) Fosberg P. guajava, |. fagifer, and T. catappa fruits
(Table2).
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Discussion

Parasitism of Fruit Flies

In surveys of Kauai Island in Hawaii, the egg-pupal parasitoid, F. arisanus, constituted 87.5-95.1% of the
parasitoid guild and was very common in tree fruits, particularly P. guajava and P. cattleianum (Vargas et
al. 1983b, 1993). Consequently, this species was sdected first for introduction into French Polynesia. On
Tahiti Island, F. arisanus became established throughout the island in 21 of 21 communities within 3 yr.
On the basis of P. guajava, |. fagifer, and T. catappa fruit collections, parasitism has averaged
approximately 50%. In addition, F. arisanus became quickly established on the other Society Islands of
Moorea, Raiatea, Tahaa, and Huahine by shipping small cages of parasitoids bred from field collected
infested fruit, and releasing them in C. papaya orchards or in wild P. guajava patches.

Perhaps no fruit fly parasitoid has been as successful in suppressing host populations as F.
arisanus (Rousse et al. 2005). Because of its habit of attacking host eggs, which are more exposed to
parasitism than larvae, it can achieve high levels of parasitism, often surpassing 50% in the field (Vargas
et a. 1993; Purcdl et al. 1998). The success of classical biological control against fruit flies in Hawaii, in
particular with F. arisanus, has been thoroughly reviewed by Rousse et al. (2005). In Hawaii, the impact
of F. arisanus introductions resulted in a 95% reduction in the B. dorsalis population, compared to the
1947-1949 peak abundance of B. dorsalis (DeBach and Rosen 1991). Furthermore, F. arisanus became
the major parasitoid of C. capitata in Hawaii (DeBach and Rosen 1991; Vargas et al. 2001). Haramoto
and Bess (1970) reported that the mean number of fruit fly pupae (B. dorsalis and C. capitata) collected
from coffee, Coffea arabica L., fruits in Kona, HI decreased from 23.6 pupae per 100 fruits (8.7%
parasitism) in 1949 to 5.2 (66.6% parasitism) in 1969. With this level of impact on infestation leve,
establishment of F. arisanus has reduced the threat of movement of fruit flies to the mainland from
Hawaii.

In the present study we were able to compare fruit samples before and after reeases of F.
arisanus on Tahiti Island. From 2002 (before parasitoid rel eases) to 2006 (after parasitoid releases), there
has been a decline in numbers of fruit flies emerging (per kg of fruit) by B. dorsalis, B. tryoni, and B. kirki
of 75.6, 79.3, and 97.9%, respectively. We recognize that much of the decline in numbers of B. tryoni and
B. kirki may have been due to competitive interactions with B. dorsalis. However, F. arisanus may have
also played arole in the decline. The impact of F. arisanus releases has not always been as impressive in
other locations outside of Hawaii to date (Rousse et al. 2005). For example, F. arisanus has been released
and recovered in Costa Rica, but the impact has not been high, although little information is available on
its present status or distribution on C. arabica farms with C. capitata infests fruits (Wharton et al. 1981).
Similarly, in Australia, F. arisanus was introduced from Hawaii and was established on the native B.
tryoni in 1962, but reputedly had only a negligible effect (Quimio and Walter 2001). Its introduction to
control native pest fruit flies on various islands in Fiji and western Polynesia has resulted in generally less
than 10% parasitism (Allwood 1997). Nonetheless, establishment of F. arisanus in French Polynesia
against B. dorsalis is now the most successful example of classical biological control of fruit fliesin the
Pacific area outside of the Hawaiian Islands and serves as a model for introduction of the parasitoid into
South America and Africa, where B. carambolae and B. invadens (Drew et a. 2005) have recently
become established. In addition, F. arisanus is being studied as a possible candidate for classical
biological control of the peach fruit fly, Bactrocera zonata (Saunders), in Africa and the Indian Ocean
region (e.g. FAO/IAEA 2005).

French Polynesia is comprised of over 118 islands and atolls scattered over approximately
2,500,000 km? of ocean. Until 2007, when B. dorsalis spread to the Marquesas Islands, B. dorsalis was
confined to the Society Islands. Initialy it was envisioned that F. arisanus could be mass reared at an
estimated cost of US $2,000 per 1,000,000 parasitoids (Harris and Bautista 2001), and transferred to other
islands as B. dorsalis spread throughout French Polynesia. However, when F. arisanus became numerous
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in fruits infested with B. dorsalis on Tahiti Iland, it became more cost effective to recover wasps from
fruits hed inside screened cages, and ship them to the outer isands, than to mass rear them in the
laboratory on artificial diet. This approach is now being used for shipments to the Marquesas Islands
where B. dorsalis has recently spread. Nonetheless, for approximately $100,000 US, the shipment and
establishment of F. arisanus in French Polynesia has provided a sustainable program to reduce the impact
of B. dorsalis that was not achieved with expensive eradication programs. Consequently, establishment of
F. arisanus has reduced the threat of movement of fruit flies to the mainland from French Polynesia.
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Table 1. P. guajava fruit collection data for Tahiti I1sland from 1998 to 2006 showing number of collections, number of fruits collected, fruit
weight, total pupae recovered, number of pupae per kg, species recovered, species per kg and % F. arisanus parasitism (after Vargas et al. 2007).

No.

Totd

No.

No.

No.

No.

vear collec No. fru W(i'g)ht Rl:l;())ée Pupacihg g dorealis B/'k%‘)][fj'tis B. 't\:;bni '/Bkér]}ﬁ?ti B ik /ié'?rr;it . arioants Par?;)t)m
1998 15 176 25 17150 70143 23 94 9939 40650 1063 4348

1999 30 304 269 102 381 0 0.0 464 173 20 82

2000 20 203 159 1007 691 0 0.0 1025 646 72 45

2001 7 70 7.9 1300 1644 151 19.1 82 1065 117 148

2002 60 641 481 11,306 2349 4868 1011 2049 426 687 143

2003 165 1678 1300 47,783 3676 21,940 1688 8340 642 84 69 677 21
2004 230 2344 1710 53084 3104 15150 886 6126 358 420 25 10,111 318
2005 103 1074 650 15017 2448 3558 547 2123 327 124 19 3479 375
2006 145 1484 1362 16801 1234 3360 247 1202 8.8 43 03 4971 51.9
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Table 2. Fruit collection data for Tahiti 1sland from January to May 2008 showing host, number of collections, number of fruits collected, fruit

weight, total pupae recovered, number of pupae per kg, species recovered, and % F. arisanus (F. a.) and % D. longicaudata (D. |.) parasitism.

No.
; . No. No. B. No. No. No. % % %

Host thl)lcl)ﬁcs No. fruit - Weight (kg) pupae dorsalis  B.tryoni B.kirkii F.a No.D.. emergence F.a D. .
Artocarpus altilis
(Parkinson) Fosberg 6 27 59.0 498 27 0 0 39 6 14,5 54.2 8.3
(bread fruit)
Averrhoa carambola
(g fruit 4 77 5.0 10 6 0 0 1 0 70.0 14.3 0.0
Carica papaya L 9 16 14.2 312 51 0 0 66 0 375 56.4 0.0
(papaya)
Citrus sp 5 20 9.6 34 25 0 0 3 0 82.4 10.7 0.0
Inocarpus fagifer
(Parkinson) Fosberg 43 1,118 1047 11,798 3,569 290 3 2,772 62 56.8 41.4 0.9
(Polynesian chestnut)
Mangifera indica L 4 800 186.1 3233 876 23 0 570 0 45.4 38.8 0.0
(mango)
Musa sp (banana) 20 158 11.3 1,315 625 3 0 197 0 62.7 23.9 0.0
Passilora edulis. 6 28 1.9 260 119 0 0 43 0 62.3 265 0.0
Sims (passion fruit)
Persea americana
Ml (000 7 25 9.5 67 11 10 0 6 0 403 22.2 0.0
Pometia pinnata J.
R. Forster & G.
Forater (Recific 4 39 3.2 792 490 10 0 81 0 73.4 13.9 0.0
lychee)
Psidium guajava L 73 2615 2430 17,677 27222 545 21 7,031 3 55.6 716 0.0
(common guava)
Syzgium cumini (L)
Skedl's (Jambolan 1 59 0.4 5 0 2 0 0 0 40.0 0.0 0.0
plum)
Terminalia catappa 31 3,270 8L7 10777 411 1,389 99 3,641 7 515 65.6 0.1

L (tropical amond)
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Control de Ceratitis capitata en Zonas Cafetaleras M ediante Liberaciones de Adultos
Estériles Transmisores de Conidios de Beauveria bassiana (Bals.) Vuill

Sergio E. Campos', Salvador Flores?, Emigdio Espinoza', Pablo Montoya?, Antonio Villasefior?,
Jorge Toledo®

Subdireccion de Operaciones de Campo, 2Subdireccion de Desarrollo de Métodos. Programa Moscamed,
SAGARPA. Central Poniente 14, Tapachula, Chiapas, 30700 México. *Departamento de Entomol ogia
Tropical. El Colegio delaFrontera Sur. Apartado Postal 36, Tapachula, Chiapas, 30700 México.
jtoledo@tap-ecosur.edu.mx.

Dentro de las actividades de contencion que realiza € Programa Moscamed en la franja fronteriza
México-Guatemala, y como una aternativa a la oposicion social que existe en esta zona a las
aspersiones aéreas de insecticida para @ control de dicha plaga, se evalué la actividad biol6gica del
hongo entomopatdgeno Beauveria bassiana sobre brotes de Ceratitis capitata en zonas cafetaleras
de Chiapas, liberando adultos estériles tratados con conidios del hongo como vectores. Se
seleccionaron siete aéreas con presencia de plaga, de las cuales una fue tomada como testigo y en
resto se redliz6 la liberaron de adultos estériles inoculados (800 o mas adultos/Ha) en una
proporcion de 10 g de conidios por kg de mosca ¢ 200,000 adultos/kg). Los adultos tratados para ser
liberados se colocaron en bolsas de papel no. 20 en una proporcion de 5,000 adultos voladores por
bolsa. La liberacion se efectud via aérea y/o terrestre de la semana 16 a la 42 de 2007. Los adultos
silvestres capturados con trampas Jakson y Fase 1V fueron llevados al laboratorio, donde se
cuantificaron y se colocaron en camaras hiimedas para promover d desarrollo del hongo. De las 50
moscas silvestres capturadas, € 75% de las hembras y & 64% de los machos presentaron
esporulacion de B. bassiana. En los adultos capturados en la zona testigo no hubo presencia de
micosis. Lo anterior es una evidencia de que la liberacién de machos de C. capitata (capa TSL)
inoculados con B. bassiana, es una estrategia potencial que complementa € manejo integrado de
esta plaga. Esta técnica puede tener su mayor utilidad en agroecosistemas zonas de agricultura
organicos como es €l caso de las zonas productoras de café, en donde B. bassiana esta permitido su
uso y puede coadyuvar en € control de poblaciones de la broca del café.

Efecto del “ Cake” de Nim (Azadirachta Indica) en la M osca de la Fruta Ceratitis
capitata (Diptera: Tephritidae) y su Parasitoide Diachasmimorpha longicaudata
(Hymenoptera: Braconidae)

Clarice Diniz Alvarenga’; Wesley Mota Franca?; Teresinha Augusta Giustolin®; Gleidyane Novais
Lopes, Patricia Leite Cruz*

YUniversidad Estadual de Montes Claros — UNIMONTES; Caixa Postal 91, Janalba, MG, Brasil. CEP 39440-
000. E-mail: clarice.corsato@unimontes.br; 2Instituto Mineiro de Gestién de Aguas— Igam; R. José Maria
Alkimin, 133 - Bairro Jardim S8o Luiz — Montes Claros, MG, Brasil. CEP 39401-047

Fue evaluada la supervivencia y € indice de parasistismo de Diachasmimorpha longicaudata a
partir de larvas de Ceratitis capitata previamente parasitadas y posteriormente expuestas ala accion
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del nim. Para tal, las larvas del 3° instar de C. capitata fueron envueltas en teidos tipo voil
(“unidades de parasitismo”) y expuestas al parasitismo en €l interior de una jaula conteniendo entre
400 a 600 pares de parasitoides sexualmente maduros (con 5 dias de edad). Las larvas fueron
expuestas al parasitismo de D. longicaudata por un periodo de una hora y posteriormente fueron
acondicionadas en vasos descartables con vermiculita, conteniendo diferentes cantidades
(proporciones) del cake de nim (0%, 5%, 10%, 15%, 20%, 25% e 30%). Para evaluar |a emergencia
de C. capitata, las larvas del mismo lote utilizado fueron inoculadas en |os recipientes-tratamiento,
sin parasitismo previo. El disefio estadistico fue completamente aleatorizado, con cuatro
repeticiones, siendo cada parcela constituida por 100 larvas. Fueron evaluados € nimero de adultos
emergentes (moscas 0 parasitos) y € indice de parasitismo. La emergencia de parasitoides y €
indice de parasitismo fueron afectados negativamente con € aumento de la proporcién de nim, o
gue fue observado para todos los tratamientos que recibieron € cake de nim. La emergencia de
moscas provenientes de larvas no parasitadas y expuestas a diferentes proporciones de cake de nim
se redujo significativamente en la medida que hubo un aumento de la proporcion del insecticida
botanico. Cuando las larvas fueron previamente parasitadas y expuestas a nim, la emergencia de C.
capitata fue reducida en 56,5%, en relacion a lo observado para € tratamiento con la mayor
proporcién de nim. El nim posee accién de contacto a parasitoide afectando € indice de
parasitismo, sin embargo, su uso asociado al control biolégico proporciona una mayor reduccion en
laemergencia de C. capitata.

Entomopathogenic Fungi Used on Anastrepha obliqua Young Adult-Fruit Flies
(Macquart) (Diptera: Tephritideae)

Armando Osorio Fajardo, Nelson Augusto Canal Daza

Universidad de Tolima, Facultad de Ingenieria Agrondmica, Grupo de Investigacion en moscas de las frutas
GIMFRUT., Barrio Santa Helena, Ibagué, Tolima, Colombia. A. A. 546. E-mail; nacanal @ut.edu.co

Biological control of fruit flies is an important tool for pest management in fields with high
populations. Enthomopatogenic fungi could be an easy and efficient technique in biological control.
Fifteen isolates from entomopathogenic Beauveria bassiana (Balsamo) Vuill. and Metarhizium
anisopliae (Metsch.) Sorok. fungi were evaluated in the Tolima's University Entomology and
Phytopathology laboratories on one day-old adult Anastrepha obliqua (Macquart) for selecting the
most pathogenic strains; this was aimed at contributing towards developing biological control
techniques for this pest. The isolates were obtained from LAVERLAM SA and CENICAFE's
laboratories and commercial products. A screening with a 1x10” conidia/ml concentration was used
for selecting the three most pathogenic isolates, two from Beauveria (TR10 and TR8) and one from
Metarhizium (TR3), having 77%, 71% and 66% mortality, respectively. No significant differences
were found between females and males in terms of mortality. The LCs, for each isolates was
2.38x10°, 1.81x10° and 9.94x10° conidia/ml respectively and the respective L Ts, was 48.12, 56 and
42.75 hours. The LCq of selected isolates was spraying on fly pupation medium led to 5%-48%
mortality being obtained during the 120 hours of evaluation. Our results shown that there is a
commercial fungal biopesticide available to use in Anastrepha obliqua pest management in
Colombia and it could be used aim to young adult.
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Especies de Parasitoides (Hymenoptera: Braconidae) Asociados a Anastrepha spp.
(Diptera: Tephritidae) en Frutos Hospederos de la Region Litoral Sur del Estado de
Bahia.

Maria A. Ledo Bittencourt™; Olivia Oliveira dos Santos®; Edmée dos Anjos Brito®;, Kalitsia Santos
de Cerqueira’®; Lucas Lefo Andrade®; Maria A. Castellani®; Claudia F. Marinho®; Jorge Anderson
Guimaraes’; Miguel Francisco de Souza Filho®; Elton Lucio de Aratjjo’

*Docente Universidade Estadual de Santa Cruz. Rod. 1lhéus - Itabuna, km, 16 (45.662-000), |lhéus, Bahia,

Braxzil, “Discente del PPG en Produccion Vegetal/UESC; *Becario |C FAPESB/UESC; “Eng. Agrénomo;

*Docente del DFZ/UESB; °Discente del PG Entomologia ESALQ/USP; “Investigador Embrapa/CNPAT;
8Investigador Instituto Biol dgico; *Docente de la UFERSA.

Estetrabajo tuvo por objetivo verificar las especies de Braconidae asociados a las frutas
cultivadas en las provincias delaregion Litoral Sur de Bahia: Camamu (13°58' S; 39°0,8' W;
26m), Ituberd (13°47' S; 39°12° W; 110 a 140m), Taperoa (13° 33’ S; 39° 12" W; 160m) y Valenca
(13°20' S; 39° 10 W y 130 a 190 metros). En € periodo de agosto de 2005 a marzo de 2008, se
han colectados frutos de acerola (Malpighia punicifolia — Malpighiaceae), abiu (Pouteria caimito —
Sapotaceae), carambola (Averrhoa carambola — Oxalidacese); de la familia Myrtaceae: guayaba
(Psidium guajava) y € pitanguero (Eugenia uniflora); y de la familia Anacardiaceae los frutos de
caja (Spondias mombin), cajarana (S cytherea), serigliela (S purpurea) y mango (Mangifera
indica). Los frutos colectados fueron colocados sobre una cama de vermiculita, en bandeas
plésticas. Semanalmente, |os puparios fueron separados del substrato, retirados y acondicionados en
frascos plésticos conteniendo vermiculita, siendo cubiertos con voile y mantenidos en camara
climética (BOD) con temperatura de 25 + 1°C, permaneciendo en observacién hasta la eclosion de
los dipteros (moscas de las frutas) y, o de parasitoides. Fueron obtenidos |os siguientes especimenes
del género Anastrepha: A. fraterculus, A. obliqua, A. bahiensis, A serpentina, A. sororcula e A.
zenildae. Dd total de 838 gemplares de braconidos, 19,11% fueron de los especimenes Utetes
anastrephae (Viereck), provenientes del caja, carambola, guayaba, mango y pitanga; 4,27% de la
espécimen Asobara anastrephae (Muesebeck) obtenidos de los frutos del cajd, carambola y
guayaba, y solo un gemplar de la espécimen Opius aff. bellus (0,20%) que emergi6 de la muestra
de guayaba. El espécimen Doryctobracon areolatus (Szépligeti) (76,42%) fue el predominante y
emergio de los puparios provenientes de todos |os frutos hospederos colectados, probablemente por
la mayor eficiencia de esta especie en localizar las larvas de | os tefritidos.

I nfeccién de Anastrepha ludens con € Hongo Beauveria bassiana Aplicado en Suelo
con Diferentes Rangos de Humedad y Temperatura

Willy M. Wilson', Azucena Oropeza’, Pablo Montoya?, Salvador Flores®, Jorge Toledo®

'Departamento de Entomologia Tropical. El Colegio de la Frontera Sur. Carretera Antiguo Aeropuerto Km.
2.5. Apdo. Postal 36, Tapachula Chiapas. C. P. 30,700 México. 2Subdireccién de Desarrollo de Métodos.
Programa Moscafrut SAGARPA-IICA. Central Poniente 14, Tapachula, Chiapas, 30700 México.

Se evaluo € efecto de un producto a base de conidios de Beauveria bassiana sobre la emergencia
de A. ludens en suelos arenc-arcillosos con diferentes rangos de humedad y temperatura. Cada
unidad experimental conté con 100 pupas proximas a emerger, registrando la mortalidad de los
adultos durante 10 dias consecutivos. Los experimentos se realizaron anivel delaboratorio con 27 +
2°C, 80 + 5% H.R., y 12:12 horas luz: oscuridad con 6 repeticiones. Para corroborar la infeccion
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del hongo las moscas muertas se colocaron en camara himeda. En e primer experimento se
aplicaron 0, 0.4, 0.6, 0.8, 1.2y 1.6 g de conidios (diluidos en 40 mL de agua)/kg de suelo con 12%
de HR, dd cual se coloco una capa de 0.5 cm en recipientes de plastico de 14.5 x 22.5 cm donde se
colocaron las pupas; posteriormente se coloco € remanente del suelo hasta formar una capa de 4.5
cm de profundidad. Delos diferentes tratamientos se obtuvo un rango de infeccion de 38.3 a 74.7%.
En otro experimento se aplicé 0.8 g de conidiogkg de suelo con 6, 9, 12, 15, 18, y 21% de
humedad. La infeccién obtenida varié de 43.0 a 79.8%, correspondiendo a suelo con 12% de
humedad la mayor infeccion y con 21% la menor mortalidad. Finalmente se aplic6 0.8 g de
conidios/kg de suelo con 12% de humedad, a 15, 20 25, 30 y 35 °C. Lainfeccion de adultos varié de
82.5 hasta 91.0%; la mayor actividad biol6gica fue a 25 °C, aunque las diferencias entre
tratamientos no fueron significativas. Aplicando 0.8 g de conidios/kg de suelo de textura areno-
arcillosa con 12% de humedad y a 25 °C, se registro la mayor infeccidn de adultos de A. ludens.

Rearing, Life History, and Seasonal Abundance Studies on Opius bellus
(Hymenoptera: Braconidae, Opiinae), an Anastrepha spp. Parasitoid

Pablo Schliserman’, Laura Bezdjian®, Segundo Nufiez-Campero®, Luis Orofio*, Guido Van
Nieuwenhove', Patricia Albornoz-Medinal, Cristina Martin®, Josefina Buonocore!, Carolina
Chiappini', Sergio M. Ovruski', Martin Aluja’

Planta Piloto de Procesos Microbiol 6gicos Industriales y Biotecnol ogia (PROIMI) — CONICET, Division
Control Biolégico de Plagas, Laboratorio Moscas de La Fruta. San Migued de Tucuman, Tucuman, Argentina.
Av. Belgrano y Pasgje Caseros, Cp: 4000; Tel: 0054-381-4344888.

2 Ingtituto de Ecologia A. C.(Veracruz., Xaapa. México.), Schliserman73@yahoo.com.ar

Opius bellus is a widespread Neotropical, koinobiont, larval endoparasitoid of Anastrepha genera.
Only data on distribution, taxonomy, host fly range, host fruit association, and abundance in the
field were previously published for this fruit fly parasitoid. Due to the importance of O. bellus as a
parasitoid of Anastrepha fraterculus in NW Argentina, we have much interest in establishing for
first time a laboratory rearing of this wasp in the insectary of PROIMI. Therefore, we made a
systematic fruit sampling throughout four years (September/1999 to August/2003) in a secondary
forest area belong to Yungas subtropical rainforest, located in Tucuman. We collected five host
fruit species: Juglans australis (Juglandaceae), Citrus aurantium (Rutaceae), Psidium guajava
(Myrtaceae), Eriobotrya japonica, and Prunus persica (Rosaceae). Several specimens of O. bellus
were obtained from A. fraterculus pupae collected from P. guajava and P. persica, and from mixed
pupae of A. fraterculus and A. shultzi collected from J. australis. Opius bellus was present in the
field from December to April, and it had a diapause period from May to November. Opius bellus
was successfully developed on artificially reared A. fraterculus larvae in the Laboratory. Three
different oviposition substrate types were gradually utilized to colonize this parasitoid species: 1)
fruit guava filled with host larvae, 2) artificial oviposition units filled with host larvae plus fruit
guava pulp, and 3) artificial oviposition units only filled with host larvae. The O. bellus adults used
in the life history studies stemmed from a colony that was 14 generations old. Main daily fecundity
was (2.04 + 0.04) female offspring by parental female for maternal age intervals from 19 to 21
days. Sex ratio was (226.90 + 279.20) for the progeny of Fi4, and development time of immature
stages at 25+ 1°C was (25.75+ 2.76) for females, and (24.33 + 1.51) for males.
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Functional Response Analysis of Diachasmimorpha longicaudata (Ashmead) Reared
on Anastrepha fraterculus (Wiedemann)

Segundo Nufiez-Campero, Patricia Medina, Sergio M. Ovruski

Planta Piloto de Procesos Microbiol égicos Industriales y Biotecnologia (PROIMI) — CONICET, Division
Control Biolégico de Plagas, Laboratorio Moscas de La Fruta. San Miguel de Tucuman, Tucumén, Argentina.
E-mail: segundoricardo@yahoo.com.ar

A bioassay with the parasitoid Diachasmimorpha longicaudata reared on third instar Anastrepha
fraterculus larvae at 25 + 1 °C, 75 + 5% RH, and 12:12 (L:D) h photoperiod was carry out in order
to determine the functional response parameters. The study was performed in the Insectary of
PROIMI-CONICET, Biological Control Division, San Miguel de Tucuman, Argentina. Eight A.
fraterculus larvae densities were tested independently (1, 2, 3, 5, 15, 30, 60 and 120 larvae per Petri
dish without larval diet and covered with mesh). Each larval density was exposed during 3 hours to
a single 6-8 days old randomly selected parasitoid female. The densities 1 and 2 were replicated 71
times, densities 3 and 5 werereplicated 70 and 68 times respectively, and densities 15 to 120 larvae
were replicated 41 times. Low densities were replicated more times in order to obtain a better
discrimination between a type Il and Il functional response curve. Before the experiment, the
parasitoids were held in 13x20x25 cm plastic frame cage at a density of ~100 parasitoid, 1:1 sex
rate per cage, and they were provided with water and honey. A density-dependence in the
proportion of larvae attacked was found, so we fitted the data to the equation proposed by Hassell et
a. (1977). Thefollowing parameters were recorded: 1) percentage of total parasitism (emerged plus
unmerged parasitoids) at different densities; 2) functional response parameters; handling time (Th)
and searching rate (a'). A type l1l functional response was found. Functional response measuring in
laboratory may show little resemblance to those obtained on field, but is important to take account,
that it could be used to infer basic mechanisms underlying the parasitoid-host interaction, so this
kind of experiments could provide important information for biological control programs.

Natural Parasitism in Fruit Fliesin Livramento de Nossa Senhora, Bahia, Brazil.

Cassio R. Peixoto’, Ricardo F. de S&'", Weber M. M. Aguiar®, Orlando Maia'; Raimundo S. de
Carvalho', Maria Aparecida Castdlani®, Aline N. da Silva?, Antonio S. do Nascimento®, Zuzinaide
Vidal* Claudia F. Marinho®

'Bahia State Agrihealth Agency, Salvador, Bahia, Brazil; “Southwest State University of Bahia,
Vitoria da Conquista, Bahia, Brazil;* EMBRAPA, CNPMF, Cruz das Almas, Bahia, Braxzil; “School of
Agriculture Luiz de Queroz, University of Sao Paulo, Piracicaba, Sao Paulo, Brazil

The Livramento de Nossa Senhora fruit growing area, in the southwest of State of Bahia has
presently 11,000 hectares of mangos and fruit flies are the major pest species affecting the
production. Natural parasitoids of fruit flies are important factors as biological control agents and
there was no information about the species that occurs in the region and their relation with the fruit
host. Fruits of 30 plant species were collected between June 2006 and December 2007 according
their availability in the field and brought to laboratory for fruit fly pupa recover and parasitoids
emergence. From 14,721 pupa reared from 23,440 fruits, 861 parasitoids were obtained. From the
30 fruit species, only 17 had fly infestation and from those, five has shown parasitoid in the pupa.
Red mombin (Spondias lutea) had 33.8% of infestation, followed by cajarana (Spondias spp) 8.1%,
yellow mombin (S purpurea) 4.5%, umbu (S tuberosa) 4.0% and jua (Zizyphus joazeiro) 1%. The
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parasitoids emerged from the pupa were Dorytobraon aerolatus (91,1%), Utetes anastrephae
(6.5%), Asobara anastrephae (2.4%).

Colonization and Domestication of Seven Species of Larval-Prepupal and Pupal
Native New World Hymenopterous Fruit Fly (Diptera: Tephritidae) Parasitoids

Martin Aluja’, John Sivinski?, Sergio Ovruski®, Larissa Guillén', Maurilio Lpez', Jorge Cancino®,
Armando Torres-Anaya', Guadalupe Gallegos-Chan', Lia Ruiz’, Guadalupe Cérdova’, Algandro
Martinez-Ramirez*

! |ngtituto de Ecol ogia, A.C., Apartado Postal 63, C.P. 91000, Xalapa, Veracruz, México
(martin.aluja@inecol.edu.mx); 2 Insect Attractants, Behavior and Basic Biology Research Lab.,
USDA-ARS, 1700 SW 23" Drive, Gainesville, Florida 32604; ® Planta Piloto de Procesos
Industriales Microbiolégicos y Biotecnologia (PROIMI); Division Control Bioldgico de Plagas, Av.
Belgrano y Pasaje Caseros, (T4001MVB) San Miguel de Tucumén, Argentina; * Subdireccion de
Desarrollo de M éodos, Programa Moscafrut SAGARPA-IICA, Central Poniente No. 5, 37000
Tapachula, Chiapas, México

Techniques used to colonize and domesticate seven native New World species of hymenopterous
parasitoids that attack flies within the genus Anastrepha (Diptera: Tephritidae) were developed:
Doryctobracon areolatus (Szépligeti), Doryctobracon crawfordi (Viereck), Opius hirtus (Fischer),
Utetes anastrephae (Viereck) (all Braconidae, Opiinae), Aganaspis pelleranoi (Bréthes) and
Odontosema anastirephae Borgmeier (both Figitidae, Eucoilinae) (all larval-pupal parasitoids), and
the pupal parasitoid Coptera haywardi (Ogloblin) (Diapriidae, Diapriinae) were reared successfully
on Mexican fruit fly, Anastrepha ludens (Loew) larvae or pupae reared on artificial diet.
Descriptions of the different rearing techniques used throughout the domestication process are
described to help researchers to colonize local parasitoids. We also describe handling procedures
such as number of hosts in parasitization units and compare optimal host and female age,
differences in parasitism rate, developmental time, life expectancy and variation in sex ratios in
each parasitoid species over various generations. In the case of D. crawfordi and C. haywardi we
also provide partial information on mass-rearing techniques such as cage type, parasitization unit,
larval irradiation dose and adult handling.
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Sistema de Mitigacion de Riesgo en Areas de Escasa Prevalencia para la Movilizacion de
Frutos Hospederos de Ceratitis capitata (Wied.) con Destino a Areas Libresdela Provincia
de Mendoza

Oscar Jorge De Longo, Lorenzo Ferretjans

ISCAMen, Boulogne Sur Mer 3050 (5500) Mendoza, Argentina procem@iscamen.com.ar — |ferretjans@gmail.com

I ntroduccion

En la Republica Argentina de las especies de moscas de los frutos de importancia cuarentenaria,
tnicamente se ha reportado la presencia de Anastrepha fraterculus (Wied.) y Ceratitis capitata (Wied).

En la provincia de Mendoza sblo se ha detectado la “Mosca del Mediterrdneo” Ceratitis capitata
(Wied.) y e PROCEM-MENDOZA desarrolla € Programa de Control y Erradicacion para esta plaga.
Cuenta con un Sistema de Deteccion permanente para esta especie y otras moscas de la fruta desde e afio
1991, un sistema de proteccion cuarentenariay un plan de acciones de control sustentado en la aplicacién
dela Técnicadd Insecto Estéril (TIE), complementado con acciones de control quimico y cultural.

Mendoza posee un clima continental arido-desértico, con bajo nivel pluviomérico (90 a 350 mm
anuales) y sus cuatro oasis productivos cuentan con importantes barreras naturales, la Cordillera de los
Andes a Oeste y rodeados por extensas &reas desérticas con tipica vegetacion xerdfila, sin hospederos
naturales para las moscas de los frutos. La superficie cultivada es de 272.850 has. con vid, frutales,
hortalizas y otros, correspondiéndole el 50% alavidy e 25% a frutales.

Avances

El PROCEM-MENDOZA ha obtenido los reconocimientos del Servicio Nacional de Sanidad y Calidad
Agroalimentaria (SENASA) de:
e “Area de Escasa Prevalencia de Moscas de los Frutos” a la Provincia de Mendoza (Disposicion
SENASA N°01/02)
e “AreaLibre de Mosca del Mediterraneo” a los Valles de Malargiie y El Sosneado en San Rafad
(Disposicion SENASA N° 06/03)
e “AreaLibre de Mosca del Mediterréaneo” a Valle de Uco - Oasis Centro (Disposicion SENASA
N° 15/04)
e “Area Libre de Mosca Sudamericana de la Fruta’ a la Provincia de Mendoza (Disposicion
SENASA N° 05/05)
e “AreaLibredeMoscadel Mediterraneo” a San Rafadl y General Alvear — Oasis Sur (Disposicion
SENASA N° 07/06)

Ademés, € reconocimiento de “Area Libre de Mosca dd Mediterraneo” de los Valles de
Malarglie y El Sosneado en San Rafad y del Valle de Uco - Oasis Centro, por e Servicio Agricola y
Ganadero de Chile (Resolucidn SAG N° 5331).

Esta situacion hizo que la Provincia quedara dividida en dos grandes &reas, una con estatus de
Area de Escasa Prevalencia (AEP), Oasis Norte y Este y otra con estatus de Area Libre de Mosca de los
Frutos (ALMF), Oasis Centro y Sur. Consecuentemente surgieron inconvenientes comerciales al
restringir € ingreso de hospederos de Ceratitis capitata (Wied.) de los oasis Norte y Este a los oasis
Centroy Sur de la Provincia, tanto para consumo en fresco como para industrializacion.
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La superficie cultivada de frutales en los oasis Norte y Este es de 24.150 has. con una produccion
estimada de 257.800 ton. Parte de esta produccion se industrializa en establecimientos ubicados en €
ALMF constituyendo una importante actividad econdmica de la provincia de Mendoza como es la
agroindustria y parte se comercializa para consumo en fresco.

Por ello se disefio un procedimiento que permitiera e ingreso de hospederos de Ceratitis capitata
(Wied.) desde las Areas de Escasa Prevalencia (AEP), que garantizara la proteccién de las Areas Libres
de Mosca de los Frutos (ALMF) mitigando d riesgo de introduccion de la plaga.

Se establecio un Sistema de Mitigacion de Riesgo (SMR) para frutas producidas en AEP con
destino a consumo en fresco en ALMF y otro para fruta producida en AEP con destino aindustrializacion
en ALMF, con medidas integradas para d manejo del riego dela plaga.

SMR para fruta con destino consumo en fresco en ALMF

L os procedimientos establecidos son los siguientes:

e Inscripcion en @ sistema del productor interesado en movilizar la produccion.

e Trampeoy muestreo del cultivo inscripto, como minimo 35 dias antes de cosecha.

e Sidesdelafechadeinicio del monitoreo y antes deinicio de la cosecha no se detectan adultos en
trampa, ni larvas en frutos, se autoriza la cosecha, se colocan en las cgjas cosecheras las tarjetas
de identificacién (productor, n° de inscripcion, especie, variedad y fecha), se verificala carga con
resguardo y documentacion del transporte que traslada la partida al establecimiento de Empaque.
El procedimiento se realiza en presencia del inspector del PROCEM.

o El establecimiento de empaque para las partidas autorizadas, previamente habilitado, debe tener
un responsable técnico quien hara @ muestreo de las partidas ingresadas y registro de
ingreso/egreso de las mismas, tener las éreas de recepcion y almacenamiento debidamente
aisladas, disponer de un &rea de inspeccién de lotes y todo € proceso de empaque se hace en
presencia de un inspector del PROCEM, quien identifica cada uno de los envases terminados con
un sello. Los empagques cuando trabajan con fruta del SMR, no pueden trabajar fruta de otra
procedencia.

e Cuando los envases son despachados a las ALMF, € inspector del PROCEM verificala carga, €
resguardo del transporte, emite el Certificado de Partida Librey precinta el transporte.

e Antesdd ingreso alas ALMF, es verificada la documentacion y e resguardo de la partida en los
Puestos de Control Interno, donde se archiva € Certificado de Partida Libre y se sella € remito.
Serealiza un muestreo de la partida y se coloca un nuevo precinto dejando aclarado el nimero del
mismo en e certificado correspondientey seautorizaeningreso al ALMF.

e El ingreso de fruta del AEP para consumo en fresco en las ALMF, tiene una fecha limite,
considerando la minima probabilidad de presencia de la plaga en € AEP de la provincia de
Mendoza, en funcién del monitoreo histdrico.

SMR para fruta destino aindustrializacion

L os procedimientos establecidos son los siguientes:

e Inscripcion en @ sistema del productor interesado en movilizar la produccion.

e Trampeoy muestreo del cultivo inscripto como minimo 35 dias antes de cosecha.

e Sidesde lafecha deinicio del monitoreo y antes de inicio de cosecha no se detectan adultos en
trampa, ni larvas en frutos, se autoriza la cosecha, se colocan en las cgjas cosecheras las tarjetas
de identificacion (productor, n° de inscripcion, especie, variedad y fecha) y se verifica la carga
con resguardo y documentacion del transporte que tradada la partida a la industria ubicada en €l
ALMF.
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e Antes del ingreso de las partidas al ALMF, en los Puestos de Control Interno, se verifica la
documentacion, se realiza un muestreo, se coloca un precinto y se emite € Certificado de Partida
Libre

e En € establecimiento industrial, un inspector del PROCEM verifica la documentacion, retira €
precinto y autoriza @ inmediato proceso industrial.

Si durante el desarrollo delos sistemas descriptos, se detectara en € monitoreo adultos en trampas
0 estados inmaduros en fruta o estados inmaduros en los muestreos de fruta en los empaques o en los
muestreos de fruta en los Puestos de Control Internos, se da de baja del sistema a establecimiento
agricolay darle otro destino a la produccion, fuera dd érea protegida o realizar tratamiento cuarentenario.
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Fruit FliesRisk Analysis, Current Situation and Per spectives
Rabert L. Mangan

Crop Quality and Fruit Insect Research USDA ARS, Wedaco Texas, USA, Raobert. Mangan@ars.usda.gov

Trade in fresh agricultural commodities involves probability of entry and establishment of exotic
organisms into the importing region or country. The term “risk” includes the product of likelihood that
exotic organisms will enter and become established (survive and reproduce) in the importing region and
the costs of this introduction (environmental or economic). In agricultural trade, risk is usually expressed
as the product of likelihood of introduction and establishment as a probability and the cost in money of
dealing with the introduction. The cost may be costs of management of a new pest, financial cost of
eradication, or environmental costs due to ecological changes the introduction entails.

Pest Risk Analysis is recognized as the primary step in evaluating the need for quarantine actions
for these imports. The procedures for evaluating pest risk in USDA APHIS is reviewed in Devorshak and
Griffin and was discussed in the context of the systems approach for consideration of host status in Aluja
and Mangan (2008). Devorshak and Griffin (2002 ) reviewed agreements under the International Plant
Protection Convention (IPPC). These documents describe the standards for controlling spread and
introduction of plant pests are found in a series of International Standards for Phytosanitary
Measures(ISPM) given in (IPPC 2004). In particular ISPM 11 (2005) gives guidelines for the pest risk
analysis process and ISPM 14 (2002) gives guidelines for the systems approach. Although these
documents give guidelines for evaluating, developing and presenting the analysis for quarantine actions,
the actual scientific, environmental and economic considerations as well as the actual operation of the
system is dependant on the conditions in the exporting and importing regions and the biology of the pests
and the hosts.

The development of alternatives to single treatments to achieve quarantine security was largely
due to the withdrawal of ethylene dibromide as a fumigant for human health reasons (Anon. 1984). This
was followed by proposed restrictions for use of methyl bromide as a fumigant for environmental reasons
(Anon. 1993). The combination of loss of two important fumigants used for quarantine trestments and
the increased interest in alternatives being proposed by trade agreements such as NAFTA combined to
raise quarantine treatment research to a high level of urgency for USDA. Two of the earliest publications
that addressed host resistance and non-host status as aternatives to fumigations (Greany et al. 1983,
Landolt et al. 1983) showed that grapefruit and other citrus are poor hosts for Anastrepha suspensa and
these studies were the basis for the management zones used in place of fumigation in Florida (Riherd et
al. 1994).

A series of meetings were held in 1992 and 1993 to assess all options for alternatives to these
fumigants. After a series of documents were produced such as Annon (1993b) containing biological,
economic and industry summaries, a collection of reviews were edited and published by two USDA ARS
scientists (Sharp and Hallman 1994). The term “ Systems Approach” was introduced as one chapter (Jang
and Moffitt 1994) as well as chapters discussing various quarantine treatments including statistical
methods (Chew 1994), heat and cold treatments (Gould 1994), irradiation (Burditt 1994), fumigation
(Y okoyama 1994), hot water (Sharp 1994) and combination treatments (Mangan and Sharp 1994). Other
chapters address ecological and pre-harvest conditions that can be components of the systems approach
such as including, effects of climate on exotic pest establishment (Worner 1994), pest free areas (Riherd
et al. 1994) and commodity resistance to infestation (Armstrong 1994). This publication led a series of
studies reviewing literature and addressing approaches to replace the bromide fumigants.
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A recent publication (Sgrillo 2005) defines a number of the concepts or factors and presents
quantitative approaches to development and discussion of phytosanitary regulations. The Sgrillo
publication, coupled with the ISPMs 11 and 14 and the practical discussion by Sequeira (2002) of
agricultural risk assessment can give researchers and regulatory officials an overview of factors involved
in risk analysis and the systems approach. Among the most apparent themes of these discussions is that
from a regulatory point of view, general definitions and procedures for are desirable for developing
regulations (Follett and Neven 2006), but in practice the relations of pests, host commodities and
production conditions must be considered on a species by species and habitat by habitat basis and the
general approaches to defining systems approaches are limited in use (Sequiera 2002).

Research approaches to host status, host status relative to fruit maturation, possible genetic
variation within host and pest species, and the ecological factors that affect maintenance of pest
populations and commodity infestation are needed for development of systems approaches for many
commodities. Information concerning the biology of host use by pests is particularly needed in cases
involving proposals for export under a systems approach. As discussed by Sgrillo (2005) importing
countries have the sovereign right to choose the acceptable level of risk (ALR) for pest introduction in
imported commodities. Although the importer has this right, the biological factors needed the importer to
develop an ALR arenot likely to be available from biologists from the importing country since the pest is
usually not present in the country or at least in the area needing quarantine protection. Under these
conditions, the exporting region must supply reliable data showing how the proposed exported
commodities will not pose arisk to the importer.
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The Useof Irradiation as a Phytosanitary Measure for Fruit Fly Exclusion: Program
Requirements, Facility Certification, and Treatment Verification M ethods

Paul McGowan', lan C. Winborne?, Vanessa P. Gray™

'United States Department of Agriculture (USDA), Animal Plant Health Inspection Service (APHIS), Plant
Protection and Quarantine (PPQ), 4700 River Road, Unit 60 Riverdale, Maryland 2073; 2United States Department
of Agriculture (USDA), Animal Plant Health Inspection Service (APHIS), Center for Plant Health, Science and
Technology (CPHST), Treatment Quality Assurance Unit (TQAU)

In the United States, the use of irradiation for phytosanitary purposes has long been contemplated as a
viable alternative to conventional quarantine treatments. However, acceptance and the practical
application of this technology has been limited given that the objective of this treatment is the prevention
of the establishment of pests whereby pest mortality is not necessary to achieve this goal. This presents
unique challenges when it comes to verifying treatment efficacy at ports of entry, and once irradiated
commodities have entered US commerce. The regulation developed by APHIS in 2002 and revised in
2006, provides the framework for importing irradiated articles from foreign countries. It describes a
means by which APHIS certifies foreign irradiation facilities to ensure minimum target dose can be
accuratdy delivered and verified once the commodity has been treated. The regulation also describes
safeguards to protect the product against potential infestation prior to entry into the United States.
Irradiation Programs are transformed into operational practice through Preclearance programs.
Components of the Preclearance Operational Work Plan include methods to minimize the risk of
infestation via field mitigation strategies, preclearance inspection regimes, treatment monitoring
procedures, pre and post-treatment safeguarding provisions, and product labeling and trace back
requirements. Irradiation treatment facilities are certified by APHIS after review of standard operating
procedures, safeguards, record keeping, and verification of dosimetry systems. APHIS maintains an
online system to track irradiation treatments and facilitate traceback of specific irradiated consignments
shipped to the US. The aforementioned regulations and program parameters developed by APHIS
provide a high level of phytosanitary security while facilitating safe trade in irradiated articles and
ensuring system integrity as described in the International Standard (I1SPM 18).

Patagonia Argentina, Area Libre de M oscas de los Frutos

Esteban Rial, Algandro Mongabure, Alfredo Borges, Mario Villegas

Fundacién Barrera Zoofitosanitaria Patagdnica (FunBaPa) — Maipl 1634 (8332) General Roca— Rio Negro —
Argentina - e-mail: erial @funbapa.org.ar

La Patagonia Argentina es una vasta region con una superficie de 816.291 km? y cerca de 1.700.00
habitantes. Existen 150.000 has. de valles irrigados que conforman verdaderos oasis dentro de la planicie
semidrida, caracteristica de la region patagonica. De dlas, mas de 70.000 se encuentran en plena
produccion fruti-horticola, principalmente frutas de pepita, carozo y frutas finas, con excelentes
condiciones de calidad para su exportacion. La regién produce cerca de 1.000.000 de toneladas de
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manzanas, 600.000 de peras, y 75.000 de carozo. Todo e area se encuentra aislada geogréficamente por
extensas superficies de montes xeréfito achaparrado. El rio Colorado conforma su limite norte, alo largo
de més de 1.000 km, donde 13 Puestos de Control actllan como una prevencion adicional al ingreso de
productos de origen animal o vegetal de carécter restringido o prohibido. En puertos maritimos y
aeropuertos, se controla € ingreso de cargas y pasgjeros a la region. El Sistema de Deteccion del
Programa semanal mente revisa mas de 2.400 trampasy toma més de 700 muestras semanales de fruta, en
plena temporada de trabajo, trabajan en e Programa, mas de 85 personas, entre profesionales y técnicos
de campo y laboratorio. EI Programa presenta un Programa Preventivo de liberacién de mosca estéril
complementado con un Plan de Emergencia Fitosanitaria que contempla Acciones L ocalizadas de Control
Quimico y Cultural ante la ocurrencia de una deteccién, y de Regulacion Cuarentenaria. La Region
Patagonica fue reconocida como Area Libre de Mosca de los Frutos por € USDA-APHIS en diciembre de
2005, lo que permitio al sector exportador ahorrar cerca de 2 millones de délares anuales en tratamientos
cuarentenarios, ademés de diversificar su oferta incluyendo la cereza entre los productos exportados, y €
libre ingreso por cualquier puerto alos Estados Unidos.

Sistema Cuarentenario Patagonico

Danidl Villalba (dvillalbafunbapa.org.ar), Jorge Chabat (jchabat@funbapa.org.ar)

Fundacién Barrera Zoofitosanitaria Patagdnica
(8138) Rio Colorado — Rio Negro — Patagonia - Argentina

El Sistema Cuarentenario Patagonico es eecutado y administrado por la Fundacion Barrera
Zoofitosanitaria Patagonica, entidad no gubernamental compuesta por € SENASA, los Gobiernos
provinciales delaregion y las Asociaciones y Federaciones de Productores Agropecuarios. Su objetivo es
evitar € ingreso de plagas y enfermedades perjudiciales para la produccion agropecuaria de la region
protegida, aplicando las medidas y acciones zoofitosanitarias necesarias para establecer, proteger y
mantener €l area libre de plagas y enfermedades con reconocimiento internacional, contribuyendo ademas
con la fiscalizacion de la calidad y sanidad agroalimentaria. La legislacion que se aplica en € Sistema
Cuarentenario Patagonico es de indole nacional emanada del Servicio Nacional de Sanidad y Calidad
Agroalimentaria (SENASA) vy de la Secretaria de Agricultura, Ganaderia, Pesca y Alimentos de la
Nacion (SAGPyA). El Sistema esta compuesto por la barrera de los rios Colorado y Barrancas, la barrera
del rio Negro, Confluencia, la barrera del Paralelo 42° Ferrocarriles, Aeropuertos y Puertos de la
Patagonia. Tres patrullas volantes se suman a los cuarenta y cinco puntos de control que componen €l
Sistema. Esta representado por trescientas personas entre Profesionales, Técnicos e Inspectores que son
capacitados previo a ingreso y luego evaluados anualmente. La labor de los inspectores esta
complementada por € Programa Incan Trehua (perros protectores) perteneciente ala Funbapa. compuesto
por canes entrenados para la deteccion de productos orgénicos. El financiamiento del Sistema
Cuarentenario Patagdnico estd dado por los fondos originados a partir del arancel por control, inspeccion
y desinsectacion que se cobra en los puestos de barrera terrestres, aportes del Gobierno Nacional y las
Provincias.

Aplicacion del Concepto Area Libre de Plagas para Moscas de la Fruta en M éxico
Guillermo Santiago Martinez, José Manuel Gutiérrez Ruelas, Roberto José Gomez Pauza

Direccién General de Sanidad Vegetal. Servicio Naciona de Sanidad, Inocuidad y Calidad Agroalimentaria. Av. G.
Pérez VaenzuelaNo. 127 Colonia de Carmen Coyoacan, C. P. 04100 México, D. F.
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Uno de los objetivos de la Campafia Nacional contra Moscas de la Fruta es reconocer éress libres de
Anastrepha ludens, A. obliqua, A. striata y A. serpentina, a efecto de exportar frutas sin tratamiento
cuarentenario de postcosecha. En este sentido y con base en lo previsto en la Ley Federal de Sanidad
Vegetal, NOM-023-FITO-1995, NOM-075-FITO-1997, NIMF no. 4 y NIMF No. 26, de 1992 a 2008 €
Gobierno de México ha reconocido 920,570 km® como &reas libres de moscas de la fruta (ALP-MF).
Australia, Estados Unidos, Nueva Zelanda, Union Europea y Japdn han reconocido 202,017 km? como
ALP-MF &l Estado de Baja California Sur, 19 municipios de Sonora, ses municipios de Chihuahua y
cinco municipios de Sinaloa. Actualmente, se continlian las gestiones para ampliar e reconocimiento
internacional de ALP-MF. Para é mantenimiento de las ALP-MF, anualmente, se tienen en operacion
7,000 trampas con revision semanal y 35 Puntos de Veificacion Interna donde se han retenido y
destruido 600 ton de frutas; se han muestreado 500 ton de frutas; se fumigaron 120 mil ton de frutas; y se
inspeccionaron 10.5 millones de vehiculos. Asimismo, se realiza inspeccion fitosanitaria en 19
aeropuertos, tres puertos y principales mercados. Ante la deteccion de la plaga, seimplementa € plan de
emergencia hasta lograr su erradicacion. Adicionalmente, se aplica control de calidad del trampeo
mediante la colocacion controlada de moscas marcadas en las trampas. Durante 2007, bajo el concepto de
ALP-MF, se exportaron 27 mil ton de mango, 19 mil ton de naranjay 1,200 ton de durazno, con un valor
comercial de 17, 6.7 y 3 millones de dolares, respectivamente. El costo anual del manejo de las ALP-MF
es de 3.5 millones de ddlares; de los cuales, € 52% se invierte en Regulacién Cuarentenaria, 40% en
Vigilancia Fitosanitariay 8% en € Plan de Emergencia

RSPM No. 27. Guiddinesfor Importation and Confined Release of Transgenic Arthropods
in NAPPO Member Countries

Susan D. McCombs

USDA APHIS PPQ, 300 AlaMoana Blvd, P.O. Box 50002, Honolulu, HI 96850 USA, Office: 808-838-2792,
Email: Sue.D.McCombs@aphis.usda.gov; North American Plant Protection Organization (NAPPO), 1431 Merivale
Rd, Rm 309, Ottawa, ON K1A 0Y 9 Canada, Office: 613-221-5145, www.nappo.org

The technology for development of transgenic arthropods is well established and transgenic arthropod
strains are available in laboratories for evaluation and potential future use in some plant pest control
programs conducted in North American Plant Protection Organization (NAPPO) member countries.
NAPPO Regional Standard for Phytosanitary Measures (RSPM) No. 27 was adopted in October 2007 to
provide guidance on the importation and confined field release of transgenic arthropods that are known
plant pests or have the potential to affect plant health. Regulatory decisions regarding transgenic
arthropods should be science-based and made on a case-by-case basis. Authorizations may require that:
= The applicant provides sufficient information to identify the transgenic arthropod, the type of
action proposed, and the proposed and available risk management options.
= The National Plant Protection Organization (NPPO) conducts a pest risk analysis (PRA) of the
phytosanitary risk potential associated with the unmodified recipient arthropod and the transgenic
arthropod.
= The NPPO determines that specific PRA criteria and any risk management options intended to
minimize potential phytosanitary risk associated with the transgenic arthropod have been met.
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RSPM No. 30. Guidelinesfor Deter mination and Designation of Host Status of a Fruit or
Vegetable for Fruit Flies (Diptera: Tephritidae)

Susan D. McCombs

USDA APHIS PPQ, 300 AlaMoana Blvd, P.O. Box 50002, Honolulu, HI 96850 USA, Office: 808-838-2792,
Email: Sue.D.McCombs@aphis.usda.gov; North American Plant Protection Organization (NAPPO), 1431 Merivale
Rd, Rm 309, Ottawa, ON K1A 0Y 9 Canada, Office: 613-221-5145, www.nhappo.org

The objective of host status trials is to demonstrate host status of a specified fruit or vegetable based on
statistically valid data. Although protocols and comprehensive trials to determine fruit fly host status
have been documented in the scientific literature, inconsistencies in terminology and methodologies have
contributed to discrepancies in assessing pest risk and in application of phytosanitary measures. NAPPO
Regional Standard for Phytosanitary Measures No. 30 harmonizes terminology and protocols for
determining fruit fly host status in order to promote consistency among NAPPO member countries and
supporting scientific communities. Host status designations are:
= Natural host — A fruit or vegetable that becomes infested by a plant pest in nature (e.g., natural,
cultivated and/or unmanaged plants) and the plant pest population is sustained on the fruit or
vegetable. No other trials are necessary to confirm host status.
= Natural non-host — A fruit or vegetable that does not become infested by a plant pest in nature
(e.g., natural, cultivated and/or unmanaged plants) and the plant pest population is not sustained
on thefruit or vegetable.
= Conditional host — A fruit or vegetable that is host or a non-host under defined permissive or
restrictive conditions, respectively (e.g., stage of maturity, other physiological conditions,
physical conditions).
RSPM No. 30 provides guidelines for conducting laboratory, field cage, glasshouse, and natural field
infestation trials. Fied and laboratory experiments should be representative of variability in the fruit or
vegetable and fruit fly populations over the entire growing, harvest, and export period and area.
Experiments should be replicated, statistically analyzed, and the levels of confidence reported based on
sample size so that data is verifiable and replicable. Specification of the defined condition(s) of the fruit
or vegetable to be evaluated as a resistance factor(s) is essential to the designation of conditional host
status.

Programa de Control y Erradicacion de M osca de los Frutos (Procem) - Argentina
Diego Quiroga’, Wilda Ramirez?, Cynthia Ruiz®, Maria Fernanda Egea’

!Direccién Nacional de Proteccion Vegetal, SENASA, “Direccion de Sanidad Vegetal, SENASA, *Programa
Nacional de Control y Erradicacion de Mosca de los frutos (PROCEM)

La Republica Argentina se caracteriza por la preponderancia de las economias regionales. El sector
frutihorticola uno de los rubros més importantes, con € 20% del PBI agricola del pais. La produccion se
destina tanto a mercado interno como a de exportacién. Este Ultimo genera divisas por 1000 millones de
ddlares. Debido a la importancia de este sector, en € afio 1994, se puso en marcha € Programa Nacional
de Control y Erradicacion de Mosca de los Frutos. EI PROCEM egecuta acciones de control para
Anastrepha fraterculus y Ceratitis capitata y de exclusion para especies de importancia cuarentenaria
tales como: Ceratitis spp., Anastrepha spp., Toxotrypana curvicauda, Bactrocera spp., Rhagoletis spp. y
Dacus spp.
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Cultivo Superficie en hectéreas
Carozo 67.124
Pepita 59.828
Citricos (sin limén) 96.965
Uva 192.488

Actividades:

* Red dedeteccion permanente de alta sensibilidad

= Acciones de Control: TIE, control quimico y cultural.

= Sistema de Proteccion Cuarentenaria: 24 horas -todo € afio- se realizan tareas de control e
inspeccion (con detectores de productos organicos y/o perros adiestrados). Ademas se realiza
muestreo cuarentenario de especies frutihorticolas que ingresan a las Areas Bajo Programa

= Centros de Tratamiento Cuarentenario: se localizan fuera de las Areas Bajo Programa, y
efectlian los tratamientos cuarentenarios aprobados a los frutos hospederos con destino a estas
arees.

* Produccion de Mosca Esteril: existen dos bioplantas (Provincias de Mendozay San Juan) las
cuales proveen & material alas Areas Bajo Programa.

Logros:

Area Libre de Mosca de los Frutos: Oasis Centro y Sur de la Provincia de Mendoza y Region
Patagonica.

Area LibredeA. fraterculusy de Escasa Prevalencia de C. capitata: Oasis Norte y Este de la
Provincia de Mendoza.

Area de Escasa Prevalencia de C. capitata y Bajo Control de A. fraterculus. Valle de
Calingasta (Provincia de San Juan).

Area Bajo Control de C. capitatay A. fraterculus: Valles productivos de San Juan y La Rioja.
Areas de Diagnostico: Macizo Citricola Monte Caseros (Provincia de Corrientes)-Colon (Provincia de
Entre Rios) y Valedel Conlaray Llanura Norte (Provincia de San Luis).

Personal Afectado: 1100 entre profesionales y técnicos. Hectareas Bajo Programa: 1.273.600 has.

Desarrollo de un Proceso Industrial Basado en Altas Presiones Hidrostaticas para Eliminar
la M osca de la Fruta en M ango de Exportacion

H.E. Candelario Rodriguez', M. Hurtado Gonzélez.?; M. Vézquez Vazauez', J. A. Ramirez de Ledn’, G.
Velazquez dela Cruz,', J. Loera Gallardo®, R. Mangan.*

'Departamento de Cienciay Tecnologia de Alimentos, Unidad Académica Multidisciplinaria Reynosa-Aztlan.
Universidad Auténoma de Tamaulipas. ?Ingtituto de Ecologiay Alimentos. Universidad Auténoma de
Tamaulipas; 3Ingtituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias. Campus Rio Bravo,
Tamaulipas; “USDA/ARS Kika dela Garza Subtropical Agricultural Research Center, Weslaco TX. USA.
Email: ramirez@uat.edu.mx

La alta presion hidrostatica (APH) inactiva microorganismos patdégenos y deterioradores de alimentos
ocasionando dafio minimo al producto, retencion de frescura, sabor, texturay color. Su efecto es uniforme
e instantédneo a través del alimento, por lo tanto independiente de la geometria y tamafio lo que permite e
fécil escalamiento y una répida transferencia tecnoldgica de los resultados de laboratorio a procesos
industriales. La APH ha sido estudiada para eliminar larvas de insectos o nemétodos en alimentos. para
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eliminar al parasito Anisakis simplex, nematodo presente en peces, larvas de Trichinella spirallis,
nemétodo presente en carne de cerdo; huevecillos y larva de la mosca de la fruta del mediterrdneo
(Ceratitis capitata), polilla de la manzana Cydia pomonella y mosca de la fruta de la cereza Rhagoletis
indifferens. No existen estudios del empleo APH para destruir 10s huevecillos de larvas de la mosca de la
fruta mexicana (Anastrepha ludens), sin alterar la fruta de interés, que en e presente estudio es mango.
Estudios reportados en la literatura establecen que los huevecillos de primer dia y las larvas en tercer
estadio son més resistentes a las APH, requiriéndose condiciones de 125 MPa por 10 a 20 minutos a
temperaturas cercanas a 25 °C para su diminacién. El objetivo de este proyecto es establecer la viabilidad
y rentabilidad de aplicar las altas presiones hidrostéticas en el tratamiento del mango poscosecha, para la
eliminacion de la mosca de la fruta, como aternativa a los procesos hidrotérmicos. Los resultados
preliminares muestran que los mangos tipo bola en estado maduro se deterioraran notablemente a 100
MPa y se modifican ligeramente a 75 MPa. Los mangos parecen soportar condiciones inferiores a 50
MPa, en d rango de 0 a 50 °C por tiempos de hasta 20 min.

Technical Considerations of Systems Approachesfor Trade of Fruit Fly Hosts Products
Eric Jang, Lori Carvalho, Janice Nagata
USDA-ARS, US Pecific Basin Agricultural Research Center, P.O. Box 4459, Hilo, HI 96720 USA

Tephritid fruit flies are considered quarantine pests by regulatory agencies of many countries and thus
commodities that are considered fruit fly hosts in international trade must meet the regulatory
requirements of the importing country. In most cases, results of Pest Risk Assessments (PRAS) identify
fruit flies as a high risk thus generating the need for quarantine treatments or other mitigating procedures.
Systems approaches encompass the full range of biologically-based management and treatment
aternatives that could result in the step-wise reduction of risk starting with planting and production
through field management, harvest, packing, shipping and distribution at destination to sequentially
mitigate risk of introduction. A number of technical considerations must be considered in the
development of systems approaches to alleviate this risk. Each system approach will likely be different
depending on the crop, pests, incidence of the pest in the crop during various periods of the growing
through harvest cycle and influence of adjacent hosts to the planting areas. This may require an area-wide
management strategy as part of the systems approach. Quarantine treatments may also play an important
role where the risks of introduction are particularly high and/or need for security approaches 100%. In
this case treatments with efficacy of less than probit 9 (99.9968%) may work as part of the systems
approach. While systems approaches will likely require more attention to detail than individual quarantine
treatments, they nonetheless represent a biological way to manage risk of fruit fly introduction.

Aplicacién de M edidas I ntegradas en un Sistema de Mitigaciéon de Riesgo
(SMR) para Anastrepha grandis (M cQuart) en la Produccion de Cucurbitéceas con fines de
exportacién, desde el Dpto. de Concepcion, Paraguay a la Republica de Argentina

Nelson L. Farifia C.1, Pablo Ayala Franco?, Raguel Sosa C.3

1 Division Defensa Agricola/ SENAVE. Humaita 145 ¢/ Independencia Nacional, Asuncion, Paraguay, CP 1229
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Asuncion, Paraguay, CP 1229 payal afranco@yahoo.com; 3 Laboratorio Biolégico / SENAVE. Humaita 145 ¢/
Independencia,Nacional, Asuncion, Paraguay, CP 1229 (raquel sosac@hotmail.com)
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El proposito de este trabajo fue cumplir con los lineamientos y las regulaciones fitosanitarias
establecidas por la Rca. Argentina para la importacion de frutos frescos de Sandia (Citrullus lanatus)
y Calabacita (Cucurbita moschata) procedentes del Dpto. de Concepcion, Rca del Paraguay,
mediante la aplicacion de un Sistema de Mitigacion de Riesgo para Anastrepha grandis (Mosca
Sudamericana de las Cucurbitaceas) en los distritos de Concepcion, Horqueta, Loreto y Belén del
citado Departamento. Este trabajo fue realizado en sucesivos periodos agricolas (2006-2007-2008),
participando 241 productores con una superficie total de 208 hectareas inscriptas en el programa de
exportaciones. En los tres periodos de produccion se realizaron monitoreos (trampeo y muestreo),
utilizandose 325 trampas tipo Mc Phail y pellets de proteina hidrolizada tipo “torula” como atrayente
alimenticio. Fueron muestreados 789,88 Kg. de frutas. La frecuencia de recebado de las trampas fue
de 5 dias (2006/07) y 7 dias (2008). En el Dpto. de Concepcion fue montado un Laboratorio de
Identificacion de Moscas de la Fruta donde fueron analizadas e identificadas especies del genero
Anastrepha y las muestras fueron procesadas a fin de detectar estados inmaduros de la plaga. Los
resultados obtenidos sefialan que no fueron detectados en trampas ni estados inmaduros de
Anastrepha grandis en los periodos evaluados. Ademés se han capturado e identificado cinco
especies del genero Anastrepha: A. fraterculus (60,97 %), A. montei (19,51 %), A. Pseudoparalella
(14,63 %), A. barbiellini (2,44 %) y A. dissimilis (2,44 %). La no deteccion de estados inmaduros en
frutas o captura de adultos en trampas se relacionaria con las condiciones ambientales desfavorables
ala especie en los lugares estudiados. De las informaciones generadas, fue elaborado el MTD (maosca
trampa dia) para Anastrepha grandis y todas las especies identificadas. También fueron habilitadas
plantas de empaque para el procesamiento y seleccion de frutas con destino ala exportacion.
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