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FOREWORD

Many fruit fly species are identified as worldwide pests of great concern to the fruit
production and export industries. In the Americas, they have been and remain the cause of
huge monetary investments, not only for control by fruit growers but also for exclusion and/or
eradication efforts through government programmes.

From an economic and social point of view, fruit production and export industries are
very important for many countries in the hemisphere, mainly because these activities are
important sources of employment and foreign exchange. However, in addition to direct
damage to fruit in the field, the presence of pest fruit flies has an important indirect negative
impact on the development of these industries.

One of the fruit flies of major concern, because of its economic and quarantine
importance in the Americas, is the exotic Mediterranean fruit fly, Ceratitis capitata, which is
established throughout the Central and South American countries, excluding Chile. Chile,
Mexico and the USA have conducted multi-million dollar campaigns to prevent the
establishment of this and other exotic fruit flies in their respective territories, in support of the
development of important fruit production and export industries. Other important fruit fly
species, which are native to the American continent, are those of the genus Anastrepha. In this
group, of most economic importance are A. obligua and A. ludens for Mexico and some
Central American countries and A. fraterculus and A. obliqgua for South America.

In this publication, attention is focused on A. fraterculus, the South American fruit fly.
This species, as it is presently recognized, occurs from Mexico to Argentina and is reported
from approximately 80 host plants, including commercial fruits of economic importance, such
as mango, citrus, guava, apple and coffee.

In the large fruit production areas of Uruguay, Argentina and Peru in which
A. fraterculus and C. capitata are the only fruit fly species of economic and quarantine
importance reported, the development of technologies and strategies for control and/or
eradication of both species is of great interest. The sterile insect technique (SIT), to control
and/or eradicate C. capitata, has been developed and successfully applied in Argentina, Chile,
Peru, Mexico and the USA. If no effective control methods are developed against
A. fraterculus, this could, in the near future, greatly reduce the benefits of C. capitata control
or eradication in those areas where the two species are presently found.

As A. fraterculus is considered to be of high economic and quarantine importance in
many countries in South America, it is justifiable to recommend and promote the
implementation of activities to strengthen knowledge of the species and develop techniques
for its control and/or eradication. The development of SIT and other biological control
methods are very encouraging alternatives, as can be seen from examples in Mexico and the
USA, where these approaches are in use against A. ludens and A. obligua.

Many studies have been conducted on the biology, behaviour, genetics and taxonomy
of A. fraterculus in South America. There have also been serious attempts to mass rear the fly.
There are working papers containing knowledge of predators and parasitoids of the species.
However, all of these studies, even those that represent very important contributions,



have been isolated and often lack continuity. Efforts have been duplicated, and the limited
resources assigned to this issue have not been rationally utilized. As a consequence, there have
been only minor advances in methods development to effectively control the pest —
depending still on traditional control methods with traps and toxic baits.

The integration of efforts amongst countries, through a co-ordinated strategy to study
and develop effective control methods against this pest, is a task of the highest priority. The
fruit production activity of affected countries is of high value and should be protected with
environmentally friendly control methods. The continuous use of insecticides to control these
pests should be reduced, and SIT and biological methods should be developed as alternatives.
IT has long demonstrated its great effectiveness against C. capitata and more recently against
Anastrepha species in Mexico.

The creation of fruit fly free zones, wherever technically and economically feasible or
the creation of fruit fly low prevalence zones, would result in important benefits to many
countries, given their existing potential to produce and export fruit of high quality to
international markets, an outlet presently restricted due to the presence of these fruit flies.

In view of the above, the Joint FAO/TAEA Division of Nuclear Techniques in Food and
Agriculture, which has long been involved in the development of SIT and complementary
methods to control and/or eradicate C. capitata in many parts of the world, organized, with
the support of the Agriculture Service (SAG) of Chile, a workshop. The objectives of this
workshop were to assemble scientists and technicians from across the Americas who have had
experience in relation to A. fraterculus and other Anastrepha species, in order to exchange
information, analyse and discuss the present status of studies on this pest, and promote the
integration and co-ordination of efforts to improve pest control technigues.

It is hoped that this publication will contribute to the integration of the technical and
scientific efforts of the participating countries, which is needed to accelerate the development
of more effective, environmentally responsible methods and strategies of pest control or
eradication.

The IAEA officer responsible for this publication was G. Ortiz of the Joint FAO/IAEA
Division.
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The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed as
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SUMMARY

The Workshop on the South American Fruit Fly, Anastrepha fraterculus (Wiedemann),
held in Vifia del Mar, Chile, in November 1996, was the first effort in Latin America to
assemble fruit fly scientists and pest control programme managers from different countries in
order that they could contribute with their experience and knowledge and at the same time
acquire valuable information on the biology, behaviour, taxonomy and control methods of this
important agricultural pest.

The event was organized by the IAEA in conjunction with the Government of Chile and
attended by 18 fruit fly specialists invited by the Insect and Pest Control Section of the Joint
FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, in addition to 47
scientists and technicians from the continent participating as observers. This large number of
participants reflected the importance of the event and the interest to improve co-ordination in
research issues as well as in the knowledge of the control methods.

It was confirmed during the workshop that Anastrepha fraterculus is one of the most
significant fruit fly pests in the Neotropical region and represents a threat to continuing
agricultural development if management strategies are not identified and implemented.

An important debate took place on the taxonomic status of this fruit fly as various
sources indicate that the populations of the species known as A. fraterculus actually includes
more than one cryptic species. This variation not only creates problems for quarantine control
measures of plant protection, but also makes the development of control and eradication
methods especially difficult. This is particularly true for those methods based on the sterile
insect technique (SIT), which rely on the correct selection of the target species to ensure that
the production and release of sterile males coincide with the particular species present in the
target area. Fundamental to the success of any effort made in an area-wide control programme
will be the resolution of this taxonomic problem. To date, there is general agreement that
Anastrepha fraterculus populations are not one species, but a complex of cryptic, or
morphologically very similar species. To clarify the number of fruit fly species that exist
within what is now called Anastrepha fraterculus, morphological as well as genetic analysis
should be made with a central co-ordination and the collaboration of interested countries.

The specialists in artificial rearing of fruit flies were convinced that Anastrepha
fraterculus has very positive perspectives to be a candidate for mass rearing and use in SIT
programmes, mainly because it is a polyphagous species with characteristics similar to
Ceratitis capitata. They also stated, that given the different regions of the continent occupied
by the species, and the possibility of the existence of different subspecies, colonization and
artificial rearing of A. fraterculus should be considered independently for each region,
depending on the economic and quarantine importance related to this species.

Ongoing efforts in artificial rearing of A. fraterculus were reported by participants of
Argentina, Brazil, Colombia and Peru, in which the low quantity of egg production and larvae
diets were the main coincidental problems discussed. There was a very interesting exchange
of information among the specialists from Mexico and Texas, USA, with those from the
South American countries with regard to the positive experiences in mass rearing programimes
of Anastrepha ludens (the Mexican fruit fly) and Anastrepha obliqua (the mango and plum
fruit fly), especially in those aspects related to oviposition cages and base formulations for
Anastrepha spp. larvae. They established proper channels of communication for continued
interaction in these matters and for scientific visits to the institutes and laboratories in which
artificial rearing of these fruit flies is in progress.



Interesting information was provided on the geographic distribution of the species with
a review of several bibliographic sites. The species is reported from Southern Texas in the
USA to Argentina and Chile. Chile gave a presentation on the eradication of the pest from
their country in 1964. It was reported also that A. fraterculus is one of the most important fruit
pests in Latin America, and, as currently defined, it is one of the most widely distributed and
polyphagous species of the genus. With regard to biology and behaviour, important
contributions were made from Brazil, Colombia and Argentina. Reported was the importance
of this fruit fly which attacks apples in Brazil, a wide diversity of fruit species in Argentina
and in Colombia. It is defined as the most important fruit fly, the coffee berry being its
preferable host, but also mangoes and guavas. There was still some confusing information on
host range and preferences. While in some countries A. fraterculus is reported attacking
grapefruits, in others this fruit host is not attacked. This type of information has been reported
repeatedly and it was therefore recognized as a priority in the near future to identify range,
phenology and host associations of A. fraterculus, as well as obtaining samples for the
morphological and genetic analysis required in order to provide the baseline data by which
taxa can be identified. Most of the participants were interested in collaborating in this activity.

In order to make good comparisons among biotypes of Anastrepha fraterculus from
different regions, the convenience for establishing the proper protocols to standardize
laboratory and field studies, e.g. the use of specific type traps for fruit fly population studies,
etc., was discussed. Fruit sampling surveys and studies to identify the level of preference of
the fly for a particular host fruit were recommended as preliminary field studies that would
greatly assist in the design of improved methods of control.

Lastly, studies on the reproductive compatibility of the different biotypes or fly
populations of different origins, either with fertile specimens in countries without risk of
infestation, or using sterile specimens, were discussed and recommended.

The group recommended the development of bio-rational control options, including the
sterile insect technique (SIT) and biological control methods against this fruit fly species and
the re-evaluation of quarantine restrictions for A. fraterculus.
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Abstract—-Resimen

THE SOUTH AMERICAN FRUIT FLY, Anastrepha fraterculus (WIEDEMANN) IN BRAZIL.

Anastrepha fraterculus, the South American fruit fly, is the most common and economically
important pest for the fruit-bearing species in the Neotropical region. However, there are some species
that are close to A. fraterculus and, sometimes they can be erroneously identified as A. fraterculus.
The separation of A. fraterculus from A. obliqua, A. sororcula and A. zenildae, species closely related
to South American fruit fly, is discussed. Also, information on the host plants and braconid
parasitoids for A. fraterculus in Brazil is presented.

LA MOSCA SUDAMERICANA DE LAS FRUTAS, Anastrepha fraterculus (WIEDEMANN) EN
EL BRASIL.

Anastrepha fraterculus, la mosca Sud-Americana de las frutas, es la plaga mas comun y
economicamente importante en la produccion de especies de frutas de la region Neotropical. Sin
embargo, existen algunas especies muy cercanas a A. fraterculus y, algunas veces pueden ser
erroncamente identificadas como A. fraterculus. La separacion de A. fraterculus de A. obliqua,
A. sororcula y A. zenildae, especies estrechamente relacionadas a la mosca Sud-Americana de las
frutas, es dicutida. Tambien, se presenta informacion sobre las plantas hospederas y los parasitoides
braconidos para A. fraterculus en Brasil.

1. INTRODUCCION

Tradicionalmente, en la literatura agricola brasilefia, Anastrepha fraterculus ha sido
considerada la espécie mas comun en el pais. Entretanto, hasta la década del 70, la
denominacién de las espécies de Anastrepha era bastante confusa y, apesar del trabajo de
Lima [1], los estudios eran conducidos sin acompaiiamiento taxonémico. En la década del 60
A. obliqua (como A. mombinpraeoptans) era considerada como la espécie mas comun e
importante en el Brasil. Posteriormente, casi hasta el final de la década del 70, 4. fraterculus y
Ceratitis capitata pasaron a ser consideradas las espécies mas comunes y economicamente
importantes en este pais. En realidad, el uso del nombre especifico era aquel disponible en la
literatura, una vez que, en los trabajos aplicados, no existia la preocupacion de confirmar la
identidad de las espécies vinculadas a los mismos y tampoco habia la costumbre de mantener
voucher specimens. Es debido a esto que nunca fue posible confirmar la identidad de las
espécies referidas en varios trabajos, entre los cuales uno clasico como el de Puzzi & Orlando
[2]. De esa forma, las informaciones incluidas en esos trabajos quedaron seriamente
comprometidas por no ser posible conocer, con seguridad, las espécies realmente estudiadas.



Al final de la década del 70, la importancia de la taxonomia de Anastrepha comenzé a
ser mas valorisada. A partir del trabajo de Zucchi [3], los levantamientos fueron basados en la
identificacién taxondémica y, ademas, las publicaciones y diversos entrenamientos propiciaron
mayor conocimiento de la taxonomia de Anastrepha entre los entomdlogos brasilefios.

Diversos trabajos han mostrado que A. fraterculus es realmente una espécie comun y
ampliamente distribuida en el Brasil, mas en determinadas épocas y regiones otras espécies
del grupo fraterculus pueden ser mas abundantes que la propia mosca suramericana y por
tanto, tambien importantes economicamente.

Este trabajo tiene por objetivo discutir al taxonomia clasica de A. fraterculus, sus
plantas hospederas y sus braconideos parasitoides en el Brasil.

2. TAXONOMIA

La mosca suramericana de las frutas fue originalmente descrita en el género Dacus por
Wiedemann, en 1830. La espécie fue transferida posteriormente al género Anstrepha. Esa
transferencia creo discordancia de género entre las palabras Anastrepha (femenina) y
fraterculus (masculina), lo cual es contra las normas de nomenclatura taxondémica. La
concordancia gramatical implicaria el cambio del nombre fraterculus por uno totalmente
diferente del originalmente propuesto, sororcula. Este caso es reglamentado por el Cédigo
Internacional de Nomenclatura Zoolégica (nombre en aposicién). Entretanto, en muchos
trabajos publicados antigunamente en el Brasil (p.e. Silva et al. [4]) se encuentra 4. fratercula,
que corresponde a una denominacién equivocada de la espécie, una vez que, la palabra
Sfratercula no existe en el latin.

La primera discucion detallada de la variacién morfologica de A. fraterculus fue hecha
por Stone [5] y como resultado de su estudio, establecié tres nuevas sinonimias y describié
dos espécies bastante proximas de la mosca suramericana. Stone hizo dos observaciones
validas hasta hoy: (1) As treated here, it [A. fraterculus] extends from the Rio Grande Valley
in Texas south to Argentina, and it is possible that it will eventually be found to represent a
complex of species rather than a single one. (2) It is probable that several other species will
be found in the complex, and further biological work may necessitate an alteration of the
concepts given here.

Las sinonimias de 4. fraterculus fueron listadas por Zucchi [6], cuando establecié tres
nuevas sinonimias.

Arastrepha fraterculus (Wied., 1830)
Dacus fraterculus Wied., 1830

Tephritis mellea Walker, 1837

Trypeta unicolor Loew, 1862

Anthomyia frutalis Weyenbergh, 1874
Anthomyia frutuum, erro

Anastrepha fratercula, erro
Anastrepha soluta Bezzi, 1909
Anastrepha peruviana Townsend, 1913
Anastrepha peruana, erro

Anastrepha distans, Greene, 1934 nec Hendel
Anastrepha distincta Greene, 1934 (partim)
Anastrepha brasiliensis Greene, 1934



Anastrepha trinidadensis Greene, 1934
Anastrepha suspensa, Lima, 1934 nec Loew
Anastrepha costarukmanii Capoor, 1954
Anastrepha scholae Capoor, 1955
Anastrepha pseudofraterculus Cappor, 1995

La mosca suramericana de las frutas ha sido colocada en el grupo fraferculus, que reune
aproximadamente 30 espécies [7]. En ese grupo estan, entre otras espécies, A. obliqua, A.
sororcula y A. zenildae, que presentan el apice del ovipositor muy semejante al de A
fraterculus. De un modo general 4. fraterculus, A. obliqua, e A. sorocula son las moscas de
las frutas mas comunes en el Brasil.

La identificacion de Anastrepha es basada principalmente en el formato del aculeus
(ovipositor). Los caracteres de los machos no permiten la identificacion especifica. Las cuatro
espécies antes mencionadas pueden ser separadas, con base en el apice del actleo, de la
siguiente forma:

a.  dientes agudos sobre mas de la 1/2 apical (Fig. 5)  .......c.ccrvvcernenen 4. Obliqua
dientes arredondeados. .......o.iieiiiii e b

b.  dientes sobre mas de la mitad apical (Fig. 7) .........ccoiviiiivnvnnnnenennnnn. 4. zenildae
dientes aproximadamente hasta la mitad apical .................cciiiiiin .c

c. apicecon0,1720,19mm (Fig. 6) «.covvenvinviiiieiiiiieiiiiicscenanneeen. A, SOFOFCUla
apicecon 0,252 027 mm (Fig. 1 a4).cccovviiiiiniiiiiiiiniiininnnnnene. A fraterculus

Las espécies de Anastrepha de un mismo grupo son separadas en detalles del apice del
actleo, entretanto, como algunas vezes los limites para la separacién no son bien definidos,
otras técnicas han sido utilizadas para auxiliar en la identificacién:

¢ Estudio morfométrico multivariado: Con base en las caracteristicas del apice del acileo,
estan siendo realizadas medidas en ejemplares de 4. fraterculus, A. obliqua, A. sororcula y
A. zenildae. Los resultados preliminares han mostrado que las poblaciones estudiadas
pueden ser separadas através de este método. Poblaciones de A. fraterculus del sur del
Brasil, que presentan un &pice mas largo, son diferentes de poblaciones del nororiente
brasilefio (Fig. 1-4). La longitud del apice del actleo y la distancia entre el fin de la
abertura genital y el inicio de la parte denteada fueron las caracteristicas que mas
influenciaron en la separacion de las espécies.

¢ Citotaxonomia: Apenas algunos trabajos fueron realizados sobre la citogenética de
Anastrepha. Con relacion a las espécies brasilefias, Solferini & Morgante [8] estudiaron los
caridtipos de ocho espécies de Arnastrepha: barnesi, bistrigata, fraterculus, obliqua,
pickeli, pseudoparallela, serpentina y striata. De acuerdo con esos autores, A. fraterculus
fue la Unica espécie que no pudo ser identificada con base en la morfologia del cromosoma.
Fueron encontrados cuatro cariotipos distintos, sugiriendo que podrian representar espécies
cripticas.

¢ Bioquimica: Estudios de sistematica bioquimica han buscado definir mejor los limites para
la identificacion de Anastrepha. Con relacién a A. fraterculus los resultados han mostrado
verdaderas diferencias genéticas entre las poblaciones, debido probablemente a la presencia
de espécies cripticas [9, 10]. '



e Estudio molecular: Las técnicas de DNA estan siendo aplicadas a la taxonomia de algunas
espécies colectadas en el Brasil [11] y representan una fuente alternativa para la taxonomia
de Anastrepha.

Figuras 1 a 8. Apices del ovipositor (ventral). 1 a4 A.  fraterculus (1. Rio Grande do
Norte; 2. Minas Gerais; 3. Parand; 4. Rio Grande do Sul); 5. A. obliqua (Pernambuco);
6.A4. sororcula (Rio Grande do Norte); 7. A. zenildae (Rio Grande do Norte); 8.A.
turpiniae (Mato Grosso do Sul).

3. PLANTAS HOSPEDERAS

El levantamiento mas reciente de hospederos de moscas de las frutas en el Brasil fue
realizado por Malavasi et al.[12], que asociaron 4. fraterculus con 19 hospederos de varias
regiones del pais. Los hospederos de la mosca suramericana, en la region de Pelotas (RS),
fueron estudiados por Salles[13]. Anastrepha fraterculus vuela y ataca frutos, sin distincién,
hasta 10 m de altura del suelo [14] y el desarrollo larval y pupal es directamente afectado por
el hospedero de al mosca [15].

Las plantas hospederas de las espécies de Anastrepha fueron catalogadas por Norrbom
& Kim [7]. Para A. fraterculus fueron relacionados cerca de 90 hospederos, de los cuales,
aproximadamente 30% son referencias para el Brasil. Entretanto, atin existen dreas brasilefias
donde nunca fueron realizados levantamientos de moscas de las frutas. Recientemente, por
ejemplo, en levantamientos intensivos realizados en el Estado de Goias, ubicado en la regién
central del Brasil y con una formacién vegetal particular llamada de cerrado, fueron



descubiertos nuevos hospederos para la mosca suramericana de las frutas, siendo todos ellos
nativos de la region [16]: araza Psidium australicum (Myrtaceae), bacupari Salasia campestris
(Hipocrataceae), cagaita Eugenia dysenterica (Myrtaceae), curriola Pouteria ramiflora
(Sapotaceae). Las informaciones sobre los hospederos nativos de una regién son de extrema
inportancia, pues estan directamente relacionados al manejo de las moscas de las frutas.

En el Amazonas (Manaus), al norte del Brasil, 4. fraterculus ha sido colectada apenas
en Terminalia catappa (Combretaceae) [17]. Esta es una planta ornamental introduzida al
Amazonas y es la preferida de la mosca suramericana, apesar de la presencia de otros frutales
nativos e introduzidos que normalmente son atacados por esta mosca en otras regiones del
Brasil. En el Estado de Mato Grosso do Sul (regién suroccidental del Brasil), levantamientos
de moscas de las frutas obtenidas de 13 espécies de frutos hospederos, dentro de los cuales
algunos conocidos como hospederos de la mosca suramericana e incluyendo 7. catappa, A.
fraterculus fue identificada apenas de guayaba Psidium guajava. En esta region A. obliqua, A.
sororcula, y A. zenildae fueron mas abundantes e infestaron mas hospederos que la mosca
suramericana y en muestras de guayaba fue identificada, ademas, 4. turpiniae (Fig. 8), espécie
también muy semejante a 4. fraterculus. Un hecho semejante fue observado en Rio Grande do
Norte (region nororiental del pais), donde 4. zenildae fue la espécie mas comin [18].

Portanto, A. fraterculus no es siempre la espécie predominante en los levantamientos
realizados. Se debe ser cuidadoso durante la identificacion especifica de las moscas de las
frutas, una vez que las espécies del grupo fraterculus de mayor importancia econdmica son
morfologicamente baste semejantes entre si. Es por esto que antes de intentar explicar el
comportamiento de las poblaciones de 4. fraterculus, es necesario tener seguridad que la
identificacion especifica fue correctamente realizada y mantener voucher specimens que
puedan ser examinados para el esclarecimiento de eventuales dudas.

4. BRACONIDEOS PARASITOIDES

Los braconideos (subfamilia Opiinae) han sido los parasitéides mas usados para el
control biolégico de moscas de las frutas en todo el mundo. Desde que fueron retomados, hace
apenas algunos afios, los estudios de taxonomia de este grupo de insectos en el Brasil, ha
aumentado continuamente el interes por conocer mas al respecto de las espécies nativas y su
posible uso en el manejo de las moscas de las frutas. Igualmente estos estudios estan siendo
acompafiados por estudios con la espécie introduzida Diachasmimorpha longicaudata.

Una revision sobre los trabajos brasilefios con parasitéides de Tephritidae, acompafiada
de registros inéditos sobre distribucién geografica y moscas hospederas, fue presentada por
Leonel Jr. et al. [19]. Los parasitdides de tefritideos en América del Sur fueron discutidos por
Zucchi & Canal [20]. Otros parasitdides de 4. fraterculus, ademas de braconideos, fueron
discutidos por Salles [13].

Con base en esos trabajos, en el Brasil, 4. fraterculus es parasitada por seis espécies de
braconideos , siendo cinco de Opiinae y una de Alysiinae. Los opiineos son Doryctobracon
areolatus, D. brasiliensis, D. fluminensis, Opius bellus y Utetes (Bracanastrepha)
anastrephae; el alisiineo es Asobara sp. Doryctobracon areolatus es la espécie mas
ampliamente distribuida en el pais.



El papel real de esos braconideos en la regulaciéon de las poblaciones de moscas de las
frutas es atin desconocido en América del Sur, la verdad es que en la region poca importancia
ha sido dada a los estudios con esos parasitoéides. La mayoria de las observaciones se refieren
a registros de ocurrencia, faltando por tanto, el desarrollo de estudios basicos (biologia,
comportamiento, dispersion, eficiencia del parasitismo, etc.). Sin embargo, apesar de que poco
es conocido de la importancia de las espécies nativas, existen muchas referencias de
introducciones de parasitéides de moscas de las frutas para los paises suramericanos.

REFERENCIAS

[1] LIMA, COSTA A. Moscas de frutas do genero Anastrepha Schiner, 1868 (Dip.,
Tryptidae). Memoérias do Instituto Oswaldo Cruz, Rio de Janeiro, 28(4):487-575, 1934.

[2] PUZZI, D. & ORLANDO, A. Estudos sobre a ecologia das "moscas das frutas”
(Trypetidae) no Estado de S&o Paulo, visando o contrdle racional da praga. O Bioldgico,
Sao Paulo, 32(1):7-20, 1965.

[3] ZUCCHI, R.A. Taxonomia das espécies de Anastrepha Schiner, 1868(Diptera,
Tephritidae) assinaladas no Brasil, PhD Thesis, ESALQ, Piracicaba (1978).

[4] SILVA, A.G., D'ARAUIJO et al. . Quarto Catdlogo dos Insetos que Vivem nas Plantas
do Brasil, seus Parasitos e Predadores, Rio de Janeiro, MA/Departamento de Defesa e
Inspecdo, 4 volumes (1967/68).

[5] STONE, A. The fruit flies of the genus Anastrepha. USDA, Misc.Publ. 439, 112 p.
(1942).

[6] ZUCCHI, R.A. Anastrepha Schiner, 1868 (Diptera, Tephritidae): Novas sinonimias.
Rev. bras. Ent. 259(4): 289-294 (1981).

[71 NORRBOM, AL. KIM, K.C. A list of the reported host plants of the species of
Anastrepha (Diptera, Tephritidae). USDA/APHIS 81-52, 114 p. (1988).

[8] SOLFERINI, V.N., MORGANTE, J.S. Karyotype study of eight species of Anastrepha
(Diptera, Tephritidae). Caryologia, 40(3): 229-241 (1987).

[9] MORGANTE, J.S. et al. Biochemical systematics and evolutionary relation-ships of
neotropical Anastrepha. Ann.Entom. Soc. Am. 73(6):622-630 (1980).

[10] STECK, G.J. Biochemical systematics and population genetic structure of Anastrepha
fraterculus and related species (Diptera: Tephritidae). Ann. Entomol. Soc. Am.
84(3):10-28 (1991).

[11] ARMSTRONG, K'F. et al. Fruit fly (Diptera: Tephritidae) species identification: a rapid
molecular diagnostic technique for quarantine application (en prep.).

[12] MALAVASI et al. Biologia de "moscas-das-frutas” (Diptera, Tephritidae). I: Lista de
hospedeiros e ocorréncia. Reb. Brasil. Biol. 40(1):9-16 (1980).

[13] SALLES, L.A.B. Bioecologia e controle da mosca-das-frutas sul-americana.
EMBRAPA/CPACT, Pelotas, 58p. (1995).

[14] SALLES, L.A.B. Estratificacdo vertical da incidéncia de Anastrepha fraterculus (Wied.)
em fruteiras no sul do Brasil. An. Soc. Entomol. Brasil 24(3): 423-429 (1995).

[15] SALLES, L.AB., LEONEL, M.A.H. Influéncia do hospedeiro no desenvolvimento
larval e pupal de Anastrepha fraterculus (Wied.) (Diptera: Tephritidae). An. Soc.
Entomol. Brasil 25(2): 373-375 (1996).

[16] VELOSO, V.R.S. et a. Especies de parasitoides (Hym., Braconidae) de moscas de las
frutas (Dip., Tephritidae) en el Estado de Goids, Brasil. 2nd Meeting on Fruit Flies of
the Western Hemisphere, Santiago do Chile (1996).

[17] SILVA et al. The natural host plants of Anastrepha in the State of Amazonas, Brazil, p.
353-357. In: MacPheron, B.A., G.J. Steck (ed.) Fruit Fly Pest, St.Lucie Press, 586 p.
(1996).

10



[18] ARAUJO, E.L. et al. Caracterizagdo e ocorréncia de Anastrepha zenildae Zucchi
(Diptera: Tephritidae) e seus parasitdides (Hymenoptera, Braconidae) numa nova planta
hospedeira, no Rio Grande do Norte. An. Soc. Entomol. Brasil 25(1): 147-150 (1996).

[19] LEONEL JR., F.L. et al. Distribution and tephritid hosts (Diptera) of braconid
parasitoids (Hymenoptera) in Brazil. Int. Jorn. Pes Manag. 41(4): 208-213 (1995).

[20] ZUCCHI, R.A., N.A. CANAL D. Braconideos parasitdides de moscas-da-frutas na
América do Sul (Anais V SICONBIOL, Foz de Iguacgu), p. 89-92 (1996).

| REXT PAGE(S) |
| left BLANK |

11



NN

XA9949067
TAXONOMIC STATUS OF Anastrepha fraterculus

G.J. STECK

Florida Department of Agriculture and Consumer Services,
Division of Plant Industry,

Gainesville, Florida, United States of America

Abstract

TAXONOMIC STATUS OF Arnastrepha fraterculus.

There has long been speculation that nominal Anastrepha fraterculus comprises more than a
single biological species. Herein is a review of data supporting the hypothesis that multiple cryptic
species are present. Evidence includes unusual variation in pest status, morphology, karyotypes,
isozymes, mitochondrial DNA and cuticular hydrocarbons. The data strongly support the notion of
multiple cryptic species. However, it is not yet possible to state how many species may be involved or
to delineate them by diagnostic morphology, distribution, host plants or behavior. A combination of
methodologies will be needed to resolve the complex.

1. INTRODUCTION

The only comprehensive revision of the genus Anastrepha [1] recognized 142 species.
An updated key [2] includes most subsequently described species. Additional species have
been described [3-12] so that 183 species are now recognized [13-15]. The number of
Anastrepha species already recognized and the rate at which new ones continue to be added
make it clear that much taxonomic work remains to be done on the genus. At least 25
additional undescribed species with clear morphological differences are known [16]. The
taxonomy of Anastrepha is based mainly on wing pattern and characters of the female
genitalia [1]. Many of the known species are morphologically very similar (cryptic) and
misidentification is a common problem. Males of many species currently cannot be identified
at all [2,17], although recent studies have found characters in the male genitalia that are useful
for identification and analysis of phylogenetic relationships [9,18]. The immature stages are
poorly studied [19], although third instar larvae can be distinguished in most of the 13 species
for which they are known [20].

2. THE ANASTREPHA FRATERCULUS COMPLEX

One of the most difficult problems in Anastrepha taxonomy involves one of its most
important and ubiquitous pest species, the South American fruit fly, Anastrepha fraterculus
(Wiedemann). Data from a number of sources (variation in isozymes, karyotypes,
morphology, and pest status in different areas, as discussed below) indicate that populations
now regarded as A. fraterculus actually comprise more than one cryptic species. Since Stone's
revision [1], these populations have generally been treated as a single, widespread,
polyphagous pest species. These populations, henceforth termed the 4. fraterculus complex,
occur from Mexico to Argentina and have been reported to attack about 80 host plants,
including major fruit crops such as citrus, mango, guava, and coffee [13].

A clear understanding of the systematics of the complex is necessary for successful
application of quarantine and control measures for crop protection. If multiple species with

13



different distributions, host preferences and behaviors exist, plant protection agencies must be
vigilant in preventing the introduction of new pests into uninfested crop areas. Control and
eradication methods, especially those based on the sterile insect technique (SIT), must be
correctly chosen to suit a biologically and genetically known target, i.e. to ensure that sterile
males of the correct cryptic species are released in each area.

2.1. Geographical distribution

The distribution of the 4. fraterculus complex is much broader than that of any other
Anastrepha species, with the single exception of 4. obligua (Macquart). The complex has a
more or less continuous distribution from the Rio Grande Valley of northern Mexico, through
eastern Mexico and the Yucatan, all of Central America and into northwestern South America.
In Mexico and Central America, populations seem to be concentrated in lowland areas. On
the South American continent 4. fraterculus apparently occurs in two broad, unconnected
bands: (1) along the western and northern edges of the continent, including both lowland and
montane regions of the Andean countries (Colombia, Ecuador, Peru and Venezuela), and
Guyana; and (2) along the east coast of the continent from Fortaleza (northeastern Brazil) to
central Argentina; its southern range includes Uruguay, Paraguay and western Argentina.
Current knowledge indicates the presence of a large hiatus in the distribution of 4. fraterculus
in the vast middle area comprising the Amazon basin and the hot, dry region separating the
basin from the Atlantic coast. The reality or extent of the hiatus is unclear, as 4. fraterculus
has been noted in the Manaus area where it is apparently restricted to tropical almond and
mango, both introduced fruits in this region [21]. Anastrepha fraterculus also occurs in the
Galapagos Islands where it is known to have been introduced [22].

2.2. Hosts and Pest Status

Some authors [23,24] have noted that 4. fraterculus attacks different hosts in different
areas, although this perception does not seem to be fully supported based on a broad
compilation of collecting and rearing records [13]. However, the pest status of 4. fraterculus
clearly varies geographically. It is an abundant pest all along the eastern coast of Brazil {25]
south to Argentina. In the Venezuelan and Colombian Andes it is the most common and
economically important fruit fly species [26,27]. In the Amazon basin, Mexico, Costa Rica,
and lowland Venezuela, on the other hand, it is rarely encountered as a pest [21,23,28-31].
Recent studies such as [21,32] have been extremely informative in documenting the
distribution and hosts of 4. fraterculus in non-agricultural areas.

2.3. Morphological Variation

Anastrepha fraterculus displays considerable morphological variability, e.g. in wing
pattern, and this explains in part why it has been described under ten different names. In his
revision of the genus, Stone [1] took a conservative approach and considered the various
forms to be simply geographical races of a single species. He readily admitted, however, that
"in this part of the genus there is the greatest difficulty in determining specific limits" and that
several other species would probably be found in the complex. Others [23] have taken
exception to Stone's classification and considered the Mexican form of 4. fraterculus to be a
distinct species based on host plant relationships and slight morphological differences.
However, no one has been able to provide a diagnosis to distinguish consistently the Mexican
form, nor has it been formally named. Anastrepha fraterculus varies in thoracic coloration,
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including the size of a dark spot on the scuto-scutellar suture [16]. In specimens from the
central Andes the spot is generally larger, such that Peruvian specimens have been
misidentified as A. suspensa (Loew) [33], which occurs only in the Greater Antilles, Bahamas,
and Florida. There is also variation in the length of the aculeus and the shape of its tip, but
there seems to be overlap among small samples of the populations that have been studied [16].

A broad geographical analysis of samples tested for other characters has not yet been
attempted.

2.4. Karyotypes

The karyotype of Mexican A. fraterculus [24] differs from Brazilian specimens [34].
Four other distinguishable karyotypes have been ascribed to an assortment of A. fraterculus
populations in Brazil [35]. This magnitude of karyotype variation does not occur in most other
Anastrepha species and strongly suggests the presence of cryptic species. Unfortunately, data
were not available in [34, 35] to correlate the various karyotypes with delimited areas, host
plants, morphology, isozyme patterns or other information useful in characterizing species.

2.5. Isozyme variation

The first large survey of isozyme variation in Anastrepha [36] compared 15 species;
included were 16 different samples of 4. fraterculus from various fruits and areas of Brazil.
From this study, the authors concluded that as many as four different taxa might be included
among their 4. fraterculus samples. However, they were unable to provide any means of
characterizing these taxa and urged caution in setting species boundaries. Subsequent studies
[37,38] presented evidence that there is not a simple relationship between these putative
species and their host plants as in Rhagoletis.

Another isozyme study [39] specifically addressed the taxonomy of A. fraterculus in
terms of its biogeography. Geographical areas inhabited by morphologically variable forms of
A. fraterculus throughout its range were included. As a standard of reference, equivalent data
were included for three other species of Anastrepha collected over the same geographical
range: these were A. obliqua (Macquart), 4. distincta Greene and A. striata Schiner. The
results showed strong genetic differentiation within nominal 4. fraterculus which is probably
due to the presence of cryptic species. Extreme frequency and/or fixed allele differences were
found among samples from Andean vs. lowland Venezuela, and southern Brazil vs. Bahia.
Genetic differences among 4. fraterculus populations were far larger than any observed
among populations of the reference species. The 4. fraterculus complex as it now stands may
not even be monophyletic.

There is also intriguing allozyme variation that suggests the presence of two cryptic
species at Itaquera, Sdo Paulo state, Brazil [39]. This is an historically important 4.
fraterculus site where numerous studies on population genetics, behavior and ecology of 4.
fraterculus have been conducted [40-44]. Interestingly, two karyotypes have also been
described from Itaquera [35]. If, in fact, two cryptic species are present, there are profound
implications for the interpretation of published information from this site. Careful population
genetic analysis is necessary to clarify this situation.
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2.6. Mitochondrial DNA variation

Mitochondrial DNA (mtDNA) restriction fragment length polymorphism (RFLP) has
also been reported in 4. fraterculus [45]. Three of the four samples analyzed were from the
same series of populations that showed strong genetic differentiation of isozymes. Substantial
mtDNA variation was observed; indeed, all four populations (lowland and Andean Venezuela,
Bahia and southern Brazil) could be uniquely identified based on RFLP patterns of three
restriction endonucleases. Results strongly corroborated isozyme data indicating lack of gene
flow between contiguous lowland and montane regions of Venezuela. However, the data were
inadequate to further clarify relationships among more broadly distributed geographic
populations. A finer and more continuous scale of geographic sampling, i.e. along transects, is
needed to establish the presence or absence of clines and distinct genetic boundaries.

2.7. Cuticular Hydrocarbons

Differences in cuticular hydrocarbon (CHC) composition among species has proven
useful in discriminating fruit fly adults and larvae [46]. A CHC analysis of the same samples
used in the isozyme analysis of [39] revealed that the population from lowland Venezuela has
a homogenous CHC pattern that is distinguishable from all others; the remaining samples
could not be distinguished from each other [47].

2.8. Laboratory Crosses

A series of laboratory crosses was performed based on differences found in and among 4.
Jraterculus populations in Brazil by a combination of techniques including isozyme,
karyotype and morphological analysis [48]. Egg hatching rates and offspring sex ratios
showed clear deviations from expected values in crosses between ‘type I’, ‘type II’, and
‘morphotype CSS’ flies indicating various degrees of reproductive isolation probably at a
species level. The types are at least partially sympatric, although types II and CSS are
predominately in coastal regions, and they share at least some hosts such as guava.

3. CONCLUSIONS

Data from several genetic and biochemical analyses, especially karyotype and isozyme
studies, strongly support the hypothesis that more than one cryptic species are represented
under the current concept of A. fraterculus. Two such species probably occur in Venezuela: a
pest species in montane regions, and a non-pest in lowland areas. Two or more additional
species probably occur in Brazil. Relationships among these populations and those in other
Andean countries have not been examined. Geographical features such as the Andes
mountains, the Amazon basin, and the drylands of interior Brazil may provide effective
geographical barriers to gene flow. It is unclear exactly how many species may be involved
and whether it is possible to delineate all of them by diagnostic morphology, genetics,
distribution, host plants or behavior.

Observations on fruit fly pests such as 4. fraterculus tend to focus on cultivated areas
and hosts, hence there is surely much that we don’t know about its current and pre-historic
distribution. For example, 4. fraterculus may have only a limited, and perhaps recent,
occupation in the Amazon basin. It is possible that pest populations of 4. fraterculus have
been spread in historical times far beyond their original areas of endemism.
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4. SUGGESTIONS FOR FUTURE RESEARCH

There are immense gaps in our knowledge of the taxonomy and biology of 4rastrepha

in general and the A. fraterculus complex in particular. The size of the genus and its
distribution over large portions of biologically poorly known regions of South and Central
America are direct causes.

Coordinated input from many sources will be required to resolve the A. fraterculus

complex. Before the putative species can be characterized biologically and geographically,
and their potential as pests determined, taxonomic methods to distinguish them must be
developed. The following are crucial needs to resolve the taxonomy of the complex:

Conduct surveys along transects: from coastal to montane to Amazon basin in the
Andean countries; from north to south in coastal Brazil; and from the coast to the
interior of Brazil and Argentina.

Compile host rearing records and seasonal phenology of populations along transects.
Conduct multiple analyses on all samples (morphology, karyotype, isozyme, DNA,
cuticular hydrocarbons). The technology exists to do multiple analyses on single
specimens. It remains to be learned whether karyotype, isozyme and mtDNA markers
sort together or independently.

Conduct surveys in non-agricultural areas to determine the overall distribution and feral
hosts.

Establish laboratory colonies for studies of rearing, behavior, genetics, and ability of
different populations to interbreed.

REFERENCES

STONE, A., The fruitflies of the genus Anastrepha, U.S. Dept. Agric. Misc. Publ. No.
439 (1942) 112 pp.

STEYSKAL, G.C., Pictorial Key to Species of the Genus Arnastrepha (Diptera:
Tephritidae), Entomological Soc.of America, Washington DC (1977) 35 pp.

STONE, A., New species of Anastrepha and notes on others (Diptera, Tephritidae), J.
Wash. Acad. Sci. 32 (1942) 298-304.

ZUCCHI, R.A., Novas especies de Anastrepha Schiner 1868 (Diptera, Tephritidae),
Rev. Bras. Entomol. 23 (1979) 35-41.

ZUCCHI, R.A., Duas novas especies de Anastrepha Schiner, 1868 (Diptera,
Tephritidae), Rev. Bras. Entomol. 23 (1979) 115-118.

ZUCCHI, R.A., A new species of fruitfly of the genus Anastrepha Schiner, 1868 (Dip.,
Tephritidae) from Brazil, Anais Soc. Entomol. Bras. 11 (1982) 251-254.

ZUCCHI, R.A., Nova especie de Anastrepha (Diptera, Tephritidae) da Regiao
Amazonica. Anais Soc. Entomol. Bras. 13 (1984) 279-280.

CARABALLOQ, J., Nuevas especies del genero Anastrepha Schiner, 1868 (Diptera:
Tephritidae) de Venezuela, Bol. Entomol. Venez. 4 (1985) 25-32.

NORRBOM, A.L., KIM, K.C., Revision of the schausi group of Anastrepha Schiner
(Diptera: Tephritidae), with a discussion of the terminology of the female terminalia in
the Tephritoidea, Ann. Entomol. Soc. Am. 81 (1988) 164-173.

NORRBOM, A.L., The species of Anastrepha (Diptera: Tephritidae) with an
Anastrepha grandis type wing pattern, Proc. Entomol. Soc. Wash. 93 (1991) 101-124.

17



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(201

[21]

[22]

(23]

[24]

[25]

[26]
[27]

(28]

18

NORRBOM, A.L., Two new species of 4nastrepha (Diptera: Tephritidae) with atypical
wing patterns, Proc. Entomol. Soc. Wash. 95 (1993) 52-58.

HERNANDEZ-ORTIZ, V., Lista preliminar de especies mexicanas del genero
Anastrepha (Diptera: Tephritidae) con descripcion de nuevas especies, registros y
sinonimias, Folia Entomol. Mex. No. 80 (1990) 227-244.

NORRBOM, A.L., KIM, K.C., A list of the reported host plants of the species of
Anastrepha (Diptera; Tephritidae), U. S. Dept. Agric., Animal and Plant Health
Inspection Service, Plant Protection and Quarantine, Hyattsville, MD (1988) 114 pp.

CARREJO, N.S., GONZALEZ-O, R., Lista preliminar de las moscas de la fruta del
genero Anastrepha (Dip: Tephritidae) en el departamento del Valle de Cauca Cal,
Colombia, Bol. Mus. Entomol. Univ. Valle 2 (1994) 85-93.

HERNANDEZ-ORTIZ, V., ALUJA-S, M., Listado de especies neotropical Anastrepha
(Diptera: Tephritidae) con notas sobre su distribucion y plantas hospederas, Folia
Entomol. Mex. No. 88 (1993) 89-105.

NORRBOM, A.L. (Systematic Entomology Laboratory, U.S. Department of
Agriculture), personal communication.

ZUCCHI, R.A., Taxonomia das especies de Anastrepha Schiner, 1868 (Diptera:
Tephritidae) assinaladas no Brasil, Ph. D. dissertation, Universidade de SZo Paulo,
Piracicaba, Brazil (1978) 105 pp.

NORRBOM, A.L., Revision of the Anastrepha benjamini group and the A. pallidipennis
complex (Diptera: Tephritidae), Insecta Mundi (in press).

STECK, G.J., WHARTON, R.A., Description of immature stages of Anastrepha
interrupta, A. limae and A. grandis (Diptera: Tephritidae), Ann. Entomol. Soc. Am. 81
(1988) 994-1003.

STECK, G.J., CARROLL, L.E., CELEDONIO-H, H., GUILLEN-A, J., Methods for
identification of Anastrepha larvae (Diptera: Tephritidae) and key to 13 species, Proc.
Entomol. Soc. Wash. 92 (1990) 333-346.

DA SILVA, N.M,, SILVEIRA NETO, S., ZUCCHI, R.A., “The natural host plants of
Anastrepha in the state of Amazonas, Brazil”, Fruit Fly Pests: A World Assessment of
their Biology and Management (MCPHERON, B.A., STECK, G.J. Eds), St. Lucie
Press, Boca Raton, Florida (1996) 353-357.

FOOTE, R.H., The Tephritidae (Diptera) of the Galapagos Archipelago. Mem. Entomol.
Soc. Wash. 10 (1982) 48-55.

BAKER, A.C., STONE, W.C., PLUMMER, C.C., MCPHAIL, M., A review of studies
on the Mexican-fruit fly and related Mexican species, U. S. Dept. Agric. Misc. Publ. No.
531 (1944) 155 pp.

BUSH, G.L., The cytotaxonomy of the larvae of some Mexican fruit flies in the genus
Anastrepha (Tephritidae), Psyche 69 (1962) 87-101.

MALAVASI, A., MORGANTE, 1.S., ZUCCHI, R.A., Biologia de "moscas-das-frutas”
(Diptera, Tephritidae). I: lista de hospedeiros e ocorrencia, Rev. Brasil Biol. 40 (1980)
9-16.

BRICENO, A.J., Las moscas de las frutas Anastrepha spp. (Diptera: Tephritidae), en los
Andes venezolanos, Rev. Fac. Agron. (Univ. Zulia, Maracaibo) 5 (1979) 449-457.
NUNEZ BUENO, L., Contribucion al reconocimiento de las moscas de las frutas
(Diptera: Tephritidae) en Colombia, Rev. I.C.A., Bogota 16 (1981) 173-179.

ALUJA, M., CABRERA, M., RIOS, E., GUILLIN, J.,, CELEDONIO, H.,
HENDRICHS, J., LIEDO, P., A survey of the economically important fruit flies
(Diptera: Tephritidae) present in Chiapas and a few other fruit growing regions in
Mexico, Fla. Entomol. 70 (1987) 320-329.



[29]

[30]

(31]

[32]

[33]
[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

JIRON, L.F., HEDSTROM, 1., Occurrence of fruit flies of the genera Arastrepha and
Ceratitis (Diptera: Tephritidae), and their host plant availability in Costa Rica, Fla.
Entomol. 71 (1988) 62-73.

BOSCAN DE MARTINEZ, N., GODOY, F., Fluctuacion poblacional de Anastrepha
striata Schiner la mosca de la guayaba (Psidium guajava L) en Cagua, Venezuela,
Agron. Tropical 37 (1987) 117-121.

BOSCAN DE MARTINEZ, N., GODOY, F., Fluctuacion poblacional de Anastrepha
serpentina Wied. en nispero (Achras zapota) en El Limon, Aragua-Venezeula, Agron.
Tropical 37 (1987) 123-129.

HERNANDEZ-ORTIZ, V., PEREZ-ALONSO, R., The natural host plants of
Anastrepha (Diptera: Tephritidae) in a tropical rain forest of Mexico, Fla. Entomol. 76
(1993) 447-460.

KORYTKOWSKI, C.A., OJEDA-P, D., Especies del genero Anastrepha Schiner 1868
en el Nor-Oeste peruano, Rev. Peru. Entomol. 11 (1968) 32-70.

MENDES, L.O.T., Observacoes citologicas em "moscas das frutas", Bragantia 17
(1958) 29-39.

SOLFERINI, V.N.,, MORGANTE, J.S.,, Karyotype study of eight species of
Anastrepha (Diptera: Tephritidae), Caryologia 40 (1987) 229-241.

MORGANTE, J.S., MALAVASI, A., BUSH, G.L., Biochemical systematics and
evolutionary relationships of Neotropical Anastrepha, Ann. Entomol. Soc. Am. 73
(1980) 622-630.

MALAVASI, A., MORGANTE, J.S., Genetic variation in natural populations of
Anastrepha (Diptera: Tephritidae), Rev. Brasil. Genet. 5 (1982) 263-278.

MALAVASI, A., MORGANTE, J.S., Population genetics of Anastrepha fraterculus
(Diptera, Tephritidae) in different hosts: genetic differentiation and heterozygosity,
Genetica 60 (1983) 207-211.

STECK, G.J., Biochemical systematics and population genetic structure of Anastrepha

Jfraterculus and related species (Diptera: Tephritidae), Ann. Entomol. Soc. Amer. 84

(1991) 10-28.

MORGANTE, J.S., MALAVASI, A., Genetic variability in populations of the South
American fruit fly Anastrepha fraterculus (Tephritidae), Brazil. J. Genetics 8 (1985)
241-247.

MATIOLI, S.R., MORGANTE, J.S., MALAVASI, A., Genetical and biochemical
comparisons of alcohol dehydrogenase isozymes from Anastrepha fraterculus and A.
obligua (Diptera: Tephritidae): evidence for gene duplication, Biochem. Genet. 24
(1986) 13-24.

MORGANTE, J.S., MALAVASI, A.,, PROKOPY, R.J.,, Mating behavior of wild
Anastrepha fraterculus (Diptera: Tephritidae) on a caged host tree. Fla. Entomol. 66
(1983) 234-241.

MALAVASI, A., MORGANTE, J.S., PROKOPY, R.J., Distribution and activities of
Anastrepha fraterculus (Diptera: Tephritidae) flies on host and nonhost trees. Ann.
Entomol. Soc. Amer. 76 (1983) 286-292.

MALAVASI, A., MORGANTE, J.S., Adult and larval population fluctuation of
Anastrepha fraterculus and its relationship to host availability. Envir. Entomol. 10
(1981) 275-278.

STECK, G.J., SHEPPARD, W.S., “Mitochondrial DNA variation in Arnastrepha
fraterculus”, Fruit Flies: Biology and Management, (ALUJA, M., LIEDO, P. Eds.),
Springer Verlag. (1993) 9-14.

19



[46] CARLSON, D.A., YOCOM, S.R., Cuticular hydrocarbons from six species of tephritid
fruit flies, Arch. Insect Biochem. Physiol. 3 (1986) 397-412.

{471 SUTTON, B.D. (Division of Plant Industry, Florida Department of Agriculture and
Consumer Services), unpublished data.

[48] SELIVON, D., Estudo sobre a diferenciagdo populacional em Arastrepha fraterculus
(Wiedemann) (Diptera: Tephritidae), PhD dissertation, Depto. de Biologia,
Universidade de Sdo Paulo, SP Brazil (1996).

20



(AN

XA9949068

KARYOTYPE STUDY OF THE SOUTH AMERICAN FRUIT FLY,
Anastrepha fraterculus (Wied.) IN ARGENTINA

E. LIFSCHITZ, F. MANSO, A. BASSO
Instituto de Genética "Ewald A. Favret",
CICA-INTA, Castelar, Argentina

Abstract

KARYOTYPE STUDY OF THE SOUTH AMERICAN FRUIT FLY, Anastrepha fraterculus (Wied.)
IN ARGENTINA.

The most frequent karyotype of Anastrepha fraterculus in Argentina is described here on the
basis of mitotic metaphase morphology. It was named "fraterculus Arg 1". The diploid number is 2n =
10 + XX/XY and in males it comprises five homomorphic pairs and one heteromorphic pair, the latter
being the sexual pair. Samples from different populations were cytologically analyzed, and
"fraterculus Arg 1" is present in all of them at a high frequency (about 60 %). A typical C band pattern
of the X chromosome was found only in the Montecarlo (Misiones province) population.

1. INTRODUCTION

The genus Anastrepha is scarcely known from a taxonomic point of view, and species
identification is based on the morphology of the apex of the ovipositor [1]. Male adults and
inmatures are mostly undistinguishable. The most serious taxonomic problem involves A.
Sfraterculus because intraspecific variation is not well understood.

Cytological studies of Brazilian [2] and Mexican populations [3] of Arastrepha
fraterculus have demonstrated karyotypic variation. Bush [3] indicated that it was not possible

to identify karyotypical differences among A. fraterculus, A. mombinpraeoptans and A.
distincta.

Solferini and Morgante [4] investigated samples collected on various species of host
fruits from different areas of Brazil. They distinguished four karyotypes, which differed in
their sexual chromosomes. Karyotype 1 presented a Y/X ratio of approximately 0.5 ; C
banding produced a heterochromatic block on each end of the X chromosome and a totally
heterochromatic Y chromosome. Karyotype 2 differed from the former in having a longer Y
chromosome, carrying a satellite on it. Karyotype 3 had a long X chromosome with a
constriction which separated 1/3 of the distal portion of the chromosome; the Y chromosome
being similar to that of karyotype 2. In karyotype 4, both sex chromosomes had a similar
length and a secondary constriction. This work suggests that A. fraterculus represents a
complex of sibling species. Through further investigation, karyotype 3 was later assigned to 4.
sororcula [5].

A great amount of chromosomal variation within Argentine populations of Anastrepha
Jfraterculus has been detected [6] & [7].

The present work reports the existence of the reference (most frequent) karyotype
(59,7%) within regional samples of Arastrepha fraterculus as well as a configuration which,
up to now, would be a marker of Montecarlo population.
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2. MATERIALS

Larvae were obtained from green and yellow fruits of guava shrubs, probably Feijoa
sellowiana (from Castelar and Ituzaing6, Buenos Aires province) and Psidium guayaba (from
Ituzaingd, Buenos Aires province and Tucuman province) and from Prunus persica collected
from Montecarlo, Misiones province*. Samples of adult flies were systematically identified as
Anastrepha fraterculus (courtesy Eng. Norma Vaccaro, INTA, Concordia).

Third instar larvae were recovered (n=210) from host-fruit pulp to obtain cytological
preparations.

3. METHODS

Mitotic metaphase plates were prepared from neuroblast cells of third instar larvae.
Reproductive tissue was obtained from adults one day after emergence.

3.1. Preparation of cerebral ganglia.

Larvae were dissected in a drop of 0,75 M KCl. Each cerebral ganglion was put
separately on a culture slide with KCl during 5 min, changed to fresh fixing solution (1:3,
glacial acetic acid, ethanol) for 6 min, and then to 45% acetic acid for 3 min. Each ganglion
was transferred to a microscope slide with a drop of 45% acetic acid and squashed by striking
it with a glass or plastic rod, to spread the tissue. Slides were air dried horizontally and kept in
closed coplin jars for at least 15 days at room temperature. The same treatment was used for
reproductive tissue.

In both cases the tissue was stained in 4% orcein solution and then squashed in lacto-
propionic medium (1:1), to obtain slides.

C banding was carried out as described in Ref.[8], with the following modifications:
bariumhydroxide solution was used at 27-29°C for 7 min. Chromosomes were stained with 5%
Giemsa (Gurr R66) solution in phosphate buffer (pH 6.8) for 15 min.

3.2. Preparations were examined without mounting them.

A drop of immersion oil was put directly on the slide. Such preparations can be kept for
six months after examination.

4. RESULTS

Karyotypical analysis showed the existence of chromosomal diversity among and within
Argentine geographic populations.

The most frequent karyotype (59,7%), present within all the analyzed samples was
named "fraterculus Arg 1" (from now on "f4rg 1"). It is the reference wild type karyotype for

* Buenos Aires = Central region; Tucumén = North Western region; Misiones = North Eastern region,
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Argentina. Its 2x = 10 + XX/XY complement, consists of five pairs of homomorphic and
telocentric autosomes, an acrocentric X chromosome and a small submetacentric Y
chromosome (Fig. 1). The Y chromosome is approximately 2/3 the length of the X
chromosome. The autosomal pairs are almost undistinguishable one from each other, except

for pair II which is characteristically the largest in the complement: X/I = 0.74. The X
chromosome is generally curve shaped

It is worthwhile explaining that in populational studies the heteromorphic pair is
generally associated with the sexual pair. However, in f4rg I this was not the case, because the
same heteromorphism was observed in meiosis plates.

The C banding technique applied to f4rg I has revealed two opposite terminal blocks of
heterochromatin on the X chromosome, one near the centromere and the other one can be
marking a secondary constriction. From now on, it will be named "X,". The small
submetacentric Y chromosome showed a pericentromeric C band (Y,). These are useful
markers to identify f4rg I (Fig.1).

In addition to f4rg 1, other less frequent chromosomal configurations might be shared by
two or more 4. fraterculus Argentine populations. This is also the case for the sample of
peaches collected from Montecarlo, Misiones. Nevertheless the chromosomal analysis also
demonstrates the existence of a distinctive karyotype. The Y; chromosome is approximately
1/2 the X chromosome and the ratio X/II = 0.82. C banding technique, showed that the X
chromosomes carry two bands on one end (Figure 2). This particular banding of the sexual
chromosome (named "X,") was only observed among flies of the Misiones population, thus it
can be considered as a marker.

Figure 1 and 2: (1) Mitotic metaphase of male "fraterculus Arg I” carrying the X;; C
banding reaction. (2) Mitotic meraphase of female from Montecarlo, Misiones carrying the X,
C banding reaction.
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5. DISCUSSION

Cytogenetic studies of A. fraterculus revealed that fdrg 1 is different from the
karyotypes previously described by Solferini and Morgante.[4] for Brazilian populations of
this insect. As discussed by Bush [3], no heteromorphism of the sexual pair was observed in
Mexican populations, whereas in Brazilian specimens a heteromorphic sex pair was detected

[2].

The X, chromosome showed the same C banding pattern as that of "karyotype 1"
described by Solferini and Morgante.[4], which carries a totally heterochromatic Y-
chromosome and presents a Y/X ratio of 0,5, thus differing from fArg I.

The X, chromosome of Montecarlo, Misiones is longer than the X;: it has an extra C
band. These data are correlated with the differential ratios between Y/X; and Y/X,, and
between X,/II and X,/I1.

Investigation of "Anastrepha fraterculus complex" needs the work and support of
different groups and technologies so that results can be correlated in views to understand
phylogenetic relationships.

The effort of cytologists in applying rigorous scientific techniques to visualize
chromosomal differences which are probably markers of reproductivelly isolated populations
will be helpful in taxonomic studies. Cytological data are a tool which supplements and
strengthens the work of taxonomists based on morphological data.
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Abstract

BREEDING TECHNIQUE OF Anastrepha fraterculus (Wied.) FOR GENETIC STUDIES.

Various samples of Anastrepha fraterculus from different areas in Argentina were obtained to
develop artificial breeding in the laboratory. Based on a modification of Salles’s method, an improved
artificial rearing of the species was developed with satisfactory results for genetic analysis. The
advances made will contribute towards the search for genetic mechanisms for control.

1. INTRODUCTION

Argentinian orchard fruits are attacked by pests commonly named "fruit flies", in
reference to insects of the Ceratitis capitata (Wied) species and of the Anastrepha (Schiner)
genus. Both groups cause problems to the country forbidding access to foreign commerce.

While Ceratitis capitata or Mediterranean fruit fly is an accidentally introduced species
that has spread over subtropical and moderate world regions, the genus Anastrepha is native
and is restricted to the American continent.

Blanchard [1] described 36 species of the genus Anastrepha for Argentina, based, in
some cases, on very small samples. Our laboratory received samples coming from several
areas of the country. Only specimens of 4. fraterculus (Wied) could be identified by Miss
Norma Vaccaro, responsible for the systematic determination of flies samples all over the
country. Nevertheless, Vattuone et al. [2] described for the locality of Andalgald, province of
Catamarca, based on a few specimens, the presence of other species: 4. dissimilis (Stone) and
A. alveatoides (Blanchard).

Taxonomic work made on the genus Anastrepha has been mainly based on ovipositor
morphology and wing morphology, an approach that restricts the analysis to only one sex.

Cytological studies have been done on Mexican populations [3] and Brazilian
populations [4] in order to recognize different species, finding divergences between classical
systematic and cytological data. These studies revealed the presence of caryotypical variants
within the species and similar cytological morphologies between different species.

Analysis of Anastrepha populations showing biochemical, morphological and
cytological variants, with different hosts and geographic distribution, some of them performed
together [5][4][6], have not clarified the problem. Moreover, the situation in the case of 4.
Jraterculus, was suggested to be a complex of cryptic species.

The management of this pest in the laboratory gives a skillful tool to make possible

genetic studies in views to explain the described complexity. The first attempts that were
made for the artificial breeding of A. fraterculus were carried out in Peru by Gonzalez et al. [7]
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and Gonzalez [8]. Later, in Brazil, Salles [9] presented another methodology for rearing the
species. '

A modification of Salles's method has been developed with satisfactory results in our
laboratory.

2.1. Results

There are important and particular steps so as to develop the artificial rearing of the
species. However, there are fundamental and general patterns to consider in the artificial
management of this pest. In natural conditions, the larvae and eggs of this species occur inside
the fruits, where water is not a restrictive factor for their development, because the fruit is
commonly hydrated. Also, although there are not exact data about the influence of humidity
on the pupal stage, our experience shows that this stage can be modified by relative humidity
differences.

The following prospectus can be established, considering the previous basis:
2.1.1. Adult recovery

Infested fruit samples from the country were received and were in the larval and pupal
stage of the insect. The recovery of adults required controlled humidity conditions. Rec