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Abstract

TAXONOMIC STATUS OF Anastrepha 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 A. 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
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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 A. fraterculus complex is much broader than that of any other
Anastrepha species, with the single exception of A. obliqua (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 A. 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 A. 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 A. 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 A. 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 A. 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 A. 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 A. 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 A. 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 A. 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), A. distincta Greene and A. striata Schiner. The
results showed strong genetic differentiation within nominal A. 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 A. fraterculus populations were far larger than any observed
among populations of the reference species. The A. 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, Sao Paulo state, Brazil [39]. This is an historically important A.
fraterculus site where numerous studies on population genetics, behavior and ecology of A.
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 A. 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 A.
fraterculus 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 A. 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, A. fraterculus may have only a limited, and perhaps recent,
occupation in the Amazon basin. It is possible that pest populations of A. 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 Anastrepha
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

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

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

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

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

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

[6] 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.

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

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

[9] 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.

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

[12] 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.

[13] 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.

[14] 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 Cali,
Colombia, Bol. Mus. Entomol. Univ. Valle 2 (1994) 85-93.

[15] 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.

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

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

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

[19] 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.

[20] 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.

[21] 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.

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

[23] 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.

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

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

[26] 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.

[27] 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.

[28] 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.

18



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

[30] 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.

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

[32] 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.

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

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

[35] SOLFERINI, V.N., MORGANTE, J.S., Karyotype study of eight species of
Anastrepha (Diptera: Tephritidae), Caryologia40 (1987) 229-241.

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

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

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

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

[40] 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.

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

[42] 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.

[43] 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.

[44] 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.

[45] STECK, G.J., SHEPPARD, W.S., "Mitochondrial DNA variation in Anastrepha
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.

[47] SUTTON, B.D. (Division of Plant Industry, Florida Department of Agriculture and
Consumer Services), unpublished data.

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

20


