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A Pesquisa com Moscas-das-Frutas (Diptera: Tephritidae) na
América Latina: Mitos, Realidade e Perspectivas

RESUMO – Apresento uma avaliação crítica da pesquisa com moscas-das-frutas
na América Latina baseada na noção de que muitos mitos e mal-entendidos são
transmitidos a  estudantes, jovens pesquisadores ou administrações oficiais.
Pondero que depois de um  esclarecedor  início de século, durante o qual muitas
descobertas significativas foram feitas sobre a história natural desses insetos,
pouco progresso tem sido observado em muitas áreas de pesquisas e manejo de
moscas-das-frutas na América Latina durante os últimos 50 anos. Isso tem sido
causado em parte pela escassez de estudos sob condições naturais, bem com
pela abordagem reducionista utilizada no estudo desses insetos maravilhosos,
considerando as espécies individualmente, ou apenas as espécies-praga. Para
interromper esse círculo vicioso, proponho que demos mais atenção à história
natural das espécies, independente de sua importância econômica, ampliemos o
escopo e o período de tempo de nossos estudos, fortaleçamos os fundamentos
teóricos e ecológicos das pesquisas com moscas-das-frutas na América Latina e
enfatizemos o enfoque comparativo sempre que possível. Apresento vários mitos
sobre moscas-das-frutas (p.ex., o status de certos frutos como hospedeiros de
moscas-das-frutas e de certas espécies como pragas), reviso o estado-de-arte de
muitas áreas das pesquisas com moscas-das-frutas na América Latina e discuto
algumas possibilidades para futuros estudos. Concluo propondo que no limiar
do novo milênio, o tempo parece apropriado para seguir aqueles primeiros
pioneiros e novamente impulsionar nosso entendimento da biologia, ecologia e
comportamento da moscas-das-frutas. Para alcançar isso, necessitamos gerar
novos paradigmas e promover o pensamento criativo entre nossos estudantes.

PALAVRAS-CHAVE: Insecta, Anastrepha, Toxotrypana.

ABSTRACT - I offer a critical assessment of fruit fly research in Latin America
based on the notion that many myths and misconceptions are forced upon stu-
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dents and young scientists or government officials.  I argue that after an enlight-
ening beginning of the century, during which many significant discoveries were
made about the natural history of these insects, little progress has been observed
in many areas of fruit fly research and management in Latin America during the
past 50 years.  This  has been caused in part by the reductionist, single-species
or pest-only approaches followed in the study of these marvelous insects, as
well as by the scarcity of studies under natural conditions.  To break this vicious
cycle, I propose that we pay more attention to the natural history of non-pest
and pest species, broaden the scope and widen the time scale of our studies,
strengthen the theoretical and ecological underpinnings of fruit fly research in
Latin America and foster the comparative approach whenever possible.  I present
several fruit fly myths (e.g., the status of certain fruits as fruit fly hosts and
certain species as pests), review the status of knowledge in most areas of fruit
fly research in Latin America, and discuss some possibilities for future studies.
I conclude by proposing that on the threshold of the new millennium, the time
seems appropriate to follow those early pioneers and once again push forward
our understanding of fruit fly biology, ecology and behavior.  To achieve this,
we need to generate new paradigms and foster creative thinking among our
students.

KEY WORDS: Insecta,  Anastrepha, Toxotrypana.

When a young student, scientist or gov-
ernment official in Latin America begins to
learn about fruit flies for the first time, many
myths and misconceptions about these
marvelous insects may be forced upon him or
her.  For example, it is often uncritically ac-
cepted that “fruit flies” are notorious pests.
Certainly, it would be ludicrous and irrespon-
sible to argue against the fact that some fruit
fly species are indeed devastating pests.
Names such as the Medfly, Ceratitis capitata
(Wiedemann); the Oriental fruit fly,
Bactrocera dorsalis (Hendel); the Melon fly,
Bactrocera cucurbitae (Coquillett); the Ap-
ple Maggot fly, Rhagoletis pomonella
(Walsh); the Mexfly, Anastrepha ludens
(Loew); the West Indian or Mango fruit fly,
Anastrepha obliqua (Macquart) and the Pa-
paya fruit fly, Toxotrypana curvicauda
Gerstaecker, jump immediately to mind.  But
what is often overlooked by the novice, is that
pest species represent a distinct minority
among the Tephritidae.  More specifically, less
than 1% of the more than 4,200 described

species are considered to be pests of economic
importance.  In the case of Anastrepha (a
Caribbean and Latin American pest), only
seven (Aluja 1994) of the 197 described spe-
cies (Norrbom et al. 1999b), a mere 3.5%,
are really economically important.

As a consequence of such early imprint-
ing, a reductionist approach is fostered in the
young and/or inexperienced scientist, admin-
istrator, extension agent or field operator.
Reductionism is indeed a useful term to de-
scribe the general approach supported by lo-
cal governments, national or international agen
es, private industry and some universities an-
d research institutions in the study and con-
trol of these insects over the past century.  By
reductionism, I mean to imply the following:
few species, few ideas, and as a consequence,
few conceptual advances and breakthroughs,
few research leaders, few funding sources and
what is even worse, few research topics that
are fundable and last but not least, few and
narrow management approaches.  I say this
with all due respect to some of the great think-
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ers and researchers who have contributed to
our knowledge of fruit flies in Latin America
over the past 100 years: A.L. Herrera, C.
Picado, M. McPhail, C.I. Bliss, H.H. Darby,
E.M. Knapp, L.C. McAlister, M. Aczél, M.
Bezzi, E.E. Blanchard, A. da Costa Lima,
D.W. Coquillet, C.H. Curran, C.T. Greene, F.
Hendel, E.M. Hering, G.C. Steyskal, A. Stone,
E.W. Baker, W.E. Stone, D. Crawford, C.C.
Plummer, A.J. Nasca, L.D. Christenson, J.G.
Shaw, R.H. Foote, G.L. Bush, D.L. Chambers,
D.F. López, R.J. Prokopy, J.S. Morgante, A.
Malavasi, D.L. Frías, L.F. Jirón, J. Sivinski,
R.A. Wharton, J. Carey, R.A. Zucchi, R.
Heath, T. Burk to name but a few.  I would
also like to mention some members of the new
generation of investigators such as A.
Norrbom, D. Papaj, J. Hendrichs, D.C.
Robacker, P. Liedo, V. Hernández-Ortíz, B.
McPheron, G. Steck, L.A.B. Salles, I.
Hedström, S. Matioli, A. Kovaleski, R.
Sugayama, S. Ovruski, M. Condon, F. Díaz-
Fleischer, I. Jácome, and J. Piñero.  All t
ese people deserve credit for advancing fruit f
y systematics, biology, ecology, and behavior
in Latin America, and in this regard, they
should all be considered true pioneers in their
fields.The fact of the matter is that after 100
years of research, most agricultural practition-
ers in Latin America and the Caribbean still
resort to chemicals and McPhail traps (or
modifications thereof) to control and moni-
tor flies because these are the only accessible
and cost-effective tools available.  Further, too
often do growers or government agencies still
approach the problem from a very narrow
perspective.  Most, if not all efforts are con-
centrated at the orchard level (as opposed to
the more appropriate, area-wide view) close
to or during the harvest season, with little at-
tention paid to the biology, ecology and
behavior of the pest.  Why haven’t we, as re-
searchers, been able to break this vicious cy-
cle?  Part of the reason is that we have paid
too little attention to fruit flies and their en-
emies in nature, and as mentioned before, our
approaches have been too rigid and schematic.
With few exceptions, it is symptomatic that
most of the baseline information on the biol-

ogy of fruit flies we use today still comes from
studies carried out at the beginning of the cen-
tury!  Unfortunately, after that period of rela-
tively rapid advancement (e.g., Herrera 1900,
Herrera et al. 1901, Picado 1920, Crawford
1927, McPhail & Bliss 1933, Darby & Knapp
1934, McPhail & Berry 1936, McPhail 1937,
Plummer et al. 1941, Baker et al. 1944, Baker
1945), our research efforts have followed an
erratic path.  Another explanation for the rela-
tively little progress observed during the last
50 years in the development of fruit fly man-
agement alternatives was the availability of
fumigants such as ethylene dibromide (EDB)
or methyl bromide (MB) (Aluja & Liedo
1986; J. Reyes - pers. comm.).  Growers and
government agencies, having easy access to
such effective and cheap post-harvest treat-
ments, neglected doing field work.  Breaking
this heavy dependency and narrow outlook has
and will not be easy because it requires a con-
certed effort by managers and research lead-
ers.  The message needs to be clearly stated
and understood: when it comes to managing
fruit fly problems nothing is more effective
than prevention (i.e., avoiding infestations by
preventing flies from entering orchards).

Now that we are on the threshold of a new
millennium, the time seems appropriate to
follow those early pioneers and once again
push forward our understanding of fruit fly
biology, ecology and behavior.  I hope that
the next century will be just as full of break-
throughs and new ideas as were those earlier
days of scientific discovery.  To achieve this,
we need to foster creative thinking among our
students as well as within the next generation
of fruit fly researchers.  Why not follow the
example of such great Latin American writ-
ers as Octavio Paz, Gabriel García-Marquez,
Alejo Carpentier, Pablo Neruda, Mario
Benedetti, Mario Vargas-Llosa, Juan Rulfo or
Juan José Arreola who so brilliantly captured
the essence of our mysterious jungles, towns
and people.  Fruit flies are just as mysterious
and therefore deserve more creative attempts
to unravel their secrets.  We need to also ap-
proach the problem from multiple perspec-
tives.  For example, we need to give the com-
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parative approach greater acceptance (e.g.,
compare primitive vs. derived species) and
more seriously consider non-pest species as
we attempt to build a more robust body of
knowledge.  In my opinion, the reductionist,
single species and pest-only approaches have
too many shortcomings to remain as the domi-
nant modes of investigation.  We need to ex-
pand our horizon and view the problem from
many more angles than we have done so far.
Finally, and most importantly, we ought to be
more humble: fruit fly systems are far too
complex and sophisticated to be treated in a
superficial way.

Before moving on, and at the risk of sound-
ing naive, I would like to take this opportu-
nity to express a deeply felt concern.  I do not
want to come across as arrogant or unin-
formed.  I can only ask the reader in advance
to consider the good intentions behind my
statements, indulge my personal idiosyncra-
sies, and accept my sincerest apologies should
I inadvertently offend any one.  But given this
unique opportunity to write on fruit flies with-
out any preconditions or limitations, I felt the
urge to play the devil’s advocate and “chal-
lenge” the status quo in an attempt to moti-
vate the new generation of Latin American
fruit fly researchers (and hopefully young sci-
entists from other parts of the world) to study
these wonderful organisms with an open mind
and with greater freedom of thinking.  To pref-
ace my point, let me draw attention to the fol-
lowing.  In the last 80 years, literally hundreds
of scientific articles, abstracts (published in
congresses or special meeting proceedings)
and unpublished reports on fly traps and popu-
lation fluctuations have been produced.  Yet,
in our quest to fabricate the perfect trap or
identify the key components that drive popu-
lation fluctuations, we have been left with rela-
tively few defining moments.  Why has this
been so?  In my opinion, and with few recent
exceptions (e.g., Robacker et al. 1990, Heath
& Epsky 1993, Heath et al. 1991, 1993, 1996,
2000), it is because we have approached our
subject from too narrow a view.  In particu-
lar, we have paid far too little attention to the
natural history and behavior of fruit flies in

nature, and therefore, we have seriously un-
derestimated the complexity of fruit fly biol-
ogy and ecology.

In this article, I will argue that too little
effort has been devoted to the study of fruit
flies in nature and that too much attention has
been paid to a few pest species, or in the case
of parasitoids, exotic species.  At the risk of
sounding old-fashioned (especially at a time
in which “molecular” is the buzzword), I
strongly argue in favor of more natural his-
tory studies and of widening our approach to
consider non-pest species.  I also advocate
studies of the areas surrounding or adjacent
to commercial orchards because it is here that
fly populations increase before invading or-
chards.  Further, I argue in favor of longer-
term studies (i.e., considering multi-year, eco-
logical time scales, not just trans-generational
population cycles) with the hope that grant-
ing agencies will incorporate this considera-
tion in their funding policies.  Particularly in
the case of research on population dynamics,
the current short term approaches will shed
little further light on what really drives fruit
fly populations (Aluja et al. 1996).  In con-
cordance with earlier publications (Aluja &
Liedo 1986 and Aluja 1996), I will again
emphasize the fact that the great majority of
fruit growers in Latin America are poor, and
that because of this, we need to make a much
greater effort to develop “...alternatives that
are cheap and relatively easy to implement”
(Aluja 1996).  Finally, I make a plea to
strengthen the theoretical and ecological un-
derpinnings of fruit fly research in Latin
America, to take more seriously the compara-
tive approach (i.e., to compare as many spe-
cies as possible, using the most up-to-date
phylogenies, in order to support our selection
of study organisms), and to act decisively
within our own sphere of influence to halt the
threat of extinction faced by many fly spe-
cies. For example, many Anastrepha,
Rhagoletis, Toxotrypana, Blepharoneura and
Hexachaeta species (to name but a few gen-
era) are severely threatened by deforestation.
Are we sufficiently aware of this and have we
used our credibility as scientists to enter the
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public debate on this issue?

Fruit Fly Myths

The American Heritage Dictionary of the
English Language (Morris 1978) provides
several definitions of a myth.  Some of these
apply perfectly to the examples I will present
here.  1) “A notion based more on tradition or
convenience than on fact; a received idea.”
2) “Any fictitious or imaginary story, expla-
nation, person or thing.” 3) “One of the fic-
tions or half-truths forming part of the ideol-
ogy of a society.”

A famous myth that strained the commer-
cial relationship between Mexico and the
United States of America for as many as 80
years, was the idea supported by several in-
terest groups (mainly California avocado
growers) that Hass avocados could be infested
by several Anastrepha species.  Indeed, the
supposition that Hass avocados were hosts of
the genus Anastrepha was a notion “based
more on tradition or convenience than on
fact”, an “imaginary story” and “a half-truth”.
Why?  As indicated during my testimony at
public hearings related to the importation of
Mexican Hass avocados into the U.S. (Aluja
1995), supporters of the belief that avocados
were hosts of flies in the genus Anastrepha
never defined what they meant by “avocado”.
Even though Bush (1957) reported
Anastrepha infestations in avocados, he was
reporting on a semi-domesticated, soft skinned
variety of avocado that is not grown commer-
cially, and he never specified the species of
Persea he was studying.  But surely, this re-
port was not related to Persea americana var.
Hass.  Such was also likely the case with all
interceptions of infested avocados at the
Mexico-U.S. border noted in USDA-APHIS-
PPQ records.

There are many wild and cultivated plants
called avocados, and furthermore, there are
many avocado varieties.  Which plants were
interest groups referring to when relating them
to infestations of  Anastrepha?  As indicated
by Aluja (1995) the genus Persea (Clus.) Mill.
Gard. Dict. (Lauraceae) is divided into two

subgenera: Persea (within which all avoca-
dos are classified) and Eriodaphne.  In addi-
tion, the literature indicates that there are more
than fifty species of Persea (Kostermans
1964, Kopp 1966, Gamma-Campillo 1994).
For example in the State of Veracruz, Mexico,
a recent study (Gamma-Campillo & Chiappy
1994) identified the following species: A)
Subgenus Persea: P. americana Mill. var
americana, P. americana var. drymifolia
(Schlecht & Cham.), P. americana var
guatemalensis and P. schiedeana (Ness.) and
B) Subgenus Eriodaphne: P. hintonii C.K.
Allen, P. longipes (Schlecht.), P. standleyi
C.K. Allen, P. cinarescens Blake and P.
donell-smithii Mez.

Was Persea americana var Hass a host of
Anastrepha?  The answer, as demonstrated by
Enkerlin et al. (1993), is no.  These authors
indicated that Hass avocados exhibit mechani-
cal resistance to the attack of A. ludens, A.
serpentina (Wiedemann) and A. striata
Schiner while the unripe fruit is still hanging
from the branch.  They also showed that Hass
avocados can indeed be infested, but only
under extreme laboratory conditions.  In ad-
dition, based on the natural history and
behavior of the three Anastrepha species un-
der consideration, as well as the packing-
house conditions for Hass avocados, these
authors point out that the likelihood of an in-
festation is almost zero.

In conclusion, the concern that Hass avo-
cados were hosts of the genus Anastrepha was
proven untrue.  This incident represents, in
my opinion, a classical “fruit fly myth”: the
consequence of insufficient scientific infor-
mation, backed by powerful commercial in-
terests, with an unfortunate outcome for an
important Mexican agricultural sector as well
as Mexico-U.S. relations.  Supporters of such
a myth or half-truth, never addressed (or
wanted to address) the real question: what
species and variety of avocado were they talk-
ing about?  It will be interesting to follow this
story now that the most important Hass avo-
cado packing houses in Mexico are being
bought or managed by U.S. corporations.  Will
this new commercial scenario loosen USDA
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restrictions concerning when and where Mexi-
can Hass avocados can be sold within U.S.
territory?  The lessons from all the above, at
least to the scientific community in Latin
America are twofold: 1) we need to stand firm
and not allow commercial interests to twist
reality and 2) we need to generate solid knowl-
edge and produce high quality science, pub-
lished in high impact, refereed journals, to
help support our countries as they negotiate
international agreements.  In other words, we
need to consider the practical impact of our
research in much more serious terms.

To avoid generating new myths or perpetu-
ating the prevailing ones,  it is necessary to
substantiate all host plant records from field
collections (i.e., natural infestations).  As in-
dicated by Norrbom & Kim (1988) host
records based on laboratory observations
should never be substituted for valid field data.
Furthermore, when reporting a commercial
fruit species as a host, it is necessary to al-
ways refer to the variety or cultivar.  In my
opinion, this rigorous, scientific approach
should be the only acceptable basis for any
official host plant list and should also be the
only valid negotiating basis in international
plant protection protocols (such as those spon-
sored by the North American Plant Protec-
tion Organization, NAPPO).  Neither com-
mercial interest groups nor government pro-
tectionist policies should have any place in
this scientific arena.

Related to the above, many people work-
ing in government-funded fruit fly programs,
and thus influenced by the “pest-species syn-
drome”, have the preconception that fruit flies
are exclusively frugivorous and pulp feeding.
It is my contention that this has biased field
workers in their collection efforts and would
explain, in part, why the hosts of so many fruit
flies of economic and non-economic impor-
tance are still unknown.  When in search of
new host plants, much of our efforts are in-
volved in collecting visible, pulpy fruits.
Obviously, this can steer us away from exit-
ing new discoveries because little attention is
paid to galls, shoots, seeds or flowerheads.

For example, upon encountering a ripe,

“uninfested” (i.e., a fruit with no trace of lar-
val feeding) fruit of Lucuma salicifolia H.B.K.
(=Pouteria campechiana [Kunth] Baehni) or
Chrysophyllum mexicanum in Mexico, one
can easily make the mistake of reporting this
fruit as a non-host, when in fact both plants
harbor A. hamata (M. Aluja - unpubl. data).
The problem is that our “early imprinting” and
“fixed search image” leads us to pay little at-
tention to the seeds, where the larvae of A.
hamata actually develop.  In addition, because
of the preconception that only ripe fruit bear-
ing fully developed larvae are worthy of at-
tention, many times we fail to collect unripe
fruit.  In the case of L. salicifolia/A. hamata
this would be unfortunate.  It turns out that A.
hamata larvae feed exclusively upon the seeds
of unripe fruit and that they exit this fruit while
it is still hanging on the tree.  Thus, if we limit
ourselves to collecting only ripe fruit, we will
miss an important fly/host plant interaction.

Another interesting myth is represented by
A. fraterculus (Wiedemann).  This fly is one
of the most widely distributed species of the
genus Anastrepha in tropical America
(Hernández-Ortíz & Aluja 1993) and consist-
ently appears in quarantine protocols as a cit-
rus pest.  In my opinion, such a conception
has been adopted by many without even a
timid challenge.  Even though there is un-
equivocal evidence that A. fraterculus is in-
deed able to develop in several citrus species
and that its host range is quite wide (Malavasi
et al. 1980), the fact is that this species is
mainly associated with the Myrtaceae.  In a
recent study, Aluja and collaborators (Aluja
et al. 1999) were able to demonstrate that in-
dividual flies from Mexican populations of
A. fraterculus were unable to produce any
viable progeny in citrus.  These authors
showed that even under no-choice conditions,
females rarely accepted citrus as an oviposi-
tion substrate in the laboratory and when such
was the case, no larvae eclosed.  Importantly,
under seminatural conditions (i.e., bagged,
fruit-bearing branches into which sexually
mature females were released) the only two
adults that completed their life cycle in grape-
fruit were not able to survive for more than
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three days.  This contrasts sharply with evi-
dence gathered in such localities as La Rioja
and Tucumán, Argentina, where local grape-
fruit varieties harbour A. fraterculus larvae
and yield viable adults under field conditions
(Hayward 1960, Nasca et al. 1996).  Are we
dealing with different species or subspecies
or, borrowing a concept from Fox & Morrow
(1981), are we dealing with the phenomenon
of local specialization?

Referring back to the definition of myth I
have adopted, the idea that A. fraterculus is a
citrus pest may also be “...based more on tra-
dition or convenience than on fact”, and at
best, it may only be “a half-truth”.  Anastrepha
fraterculus in Mexico is restricted to
the Myrtaceae and a few other wild or non-econo
ically important fruit trees in the families
Combretaceae, Rosaceae, Sapotaceae and
Ulmaceae.  Why then call it a pest of citrus in
this country?

Another widely held myth, at least among
certain local government officials and grow-
ers, is that the origin of fruit fly populations
is within the orchard itself.  In my opinion,
and with few exceptions, there are no endemic
orchard populations.  Unfortunately, this mis-
conception has guided local management ap-
proaches for too many years.  The focus of
attention has been the orchard, when in fact it
should be the surroundings and periphery, or
even more appropriately, the entire fruit-grow-
ing region.  As Aluja and collaborators
showed recently (Aluja & Birke 1993, Aluja
et al. 1996, 1997a, 1997b; also see a recent
study on A. fraterculus in apple orchards by
Kovaleski [1997]), flies captured in orchards
and inflicting damage on them, entered from
the periphery.  Such a process can be seasonal
or daily.  Based on this knowledge, manage-
ment strategies should incorporate the idea of
intercepting or killing flies in the area sur-
rounding the orchard (by means of traps, trap
crops or, when dealing with extremely high
population levels, by applying bait sprays in
orchard borders).  Such an approach, origi-
nally proposed by Aluja & Liedo (1986) and
Aluja (1993a), has been successfully tested
by Prokopy et al. (1990) with R. pomonella

and by Aluja et al. (1997a) with T. curvicauda.
In sum, fruit fly management in the tropics
should be ideally approached with an area-
wide view and be part of a broad pest and
disease management program (i.e., it must
consider more than just fruit flies).  Unfortu-
nately, and quoting Aluja (1996), so far and
with few exceptions, “fruit fly management
has been viewed from a narrow perspective”.

Based on pioneering ideas by Geier et al.
(1983) and Kogan (1988), Prokopy (1993)
proposed a stepwise progression towards in-
tegration of pest management practices.  His
model contemplates the following four levels
of integration: 1) integration of multiple man-
agement tactics within a single class of pests
(which is, by the way, the approach usually
followed with fruit flies), 2) integration of
multiple management tactics across all classes
of pests, 3) integration of combined pest man-
agement procedures with an entire system of
crop production, and 4) blending the concerns
of all groups having a vital interest in pest
management.

A step in the right direction would be to
divide fruit growing regions according to bio-
geographical criteria and to tailor management
strategies according to the conditions of each
region (Aluja & Liedo 1986).  To illustrate,
the focus in a semi-arid or desert region with
low abundance of native hosts, would be to
establish a pest-free area.  In contrast, the fo-
cus in a region with abundant wild hosts and
backyard gardens, would be to decimate fly
populations before the commercial fruiting
season begins, primarily through the release
of parasitoids and sterile flies.  Once the fruit
starts to ripen, then the focus should shift to
the interception of flies in orchard borders.
Mapping orchard system dynamics, using
tools such as geographic information systems,
would be highly recommendable (Nestel et
al. 1996, 1997).

The McPhail trap represents one of the
most persistent, living myths.  Otherwise, how
could one explain the fact that this costly and
highly inefficient trap has been in use for so
long.  Aluja et al. (1989) showed that approxi-
mately 68% of the flies landing on a glass
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McPhail trap escape before being captured.
This number could actually be lower given
the fact that insects could have repeatedly vis-
ited the trap (in the study, flies were not
marked and thus repeat visits could not be
distinguished in the data).  Similar results were
reported by Prokopy & Economopoulus
(1975) working with Bactrocera oleae
(Gmelin).  Furthermore, this trap kills many
endemic and beneficial insects.  In a study
during which all insects captured in a McPhail
trap were identified, it was found that 50% of
all dipteran families were represented in the
catch (M. Aluja, V. Hernández-Ortíz, L.
Quiróz & G. Quintero - unpubl. data).  Based
on this, and given the fact that the baits used
in McPhail traps and insecticide applications
are both of proteinaceous nature, it can be
inferred that many non-target and beneficial
insects are killed when bait sprays are applied.

Also, and despite the fact that most flies
need to ingest protein to develop their ova-
ries, it is unlikely that all species respond
equally to the single bait formulation typically
used in McPhail traps.  As speculated by Aluja
et al. (1989), it is possible that several closely
related Anastrepha species have different
amino acid requirements.  Nor is it likely that
the McPhail trap performs equally well in all
types of environments.  Already by 1939,
McPhail had noted that A. ludens and A.
striata were showing different responses to
the traps.  It has also been shown that the
McPhail trap is more efficient in dry seasons
and environments than in wet ones (e.g., ev-
ergreen rain forest or rainy season within an
otherwise dry area) (Cunningham et al. 1978).

The logical question then is, why has this
trap been in use for so long?  The short an-
swer to this question is that there is no alter-
native trap available on the market.  But why
is this?  Only until recently, has there been a
concerted effort to try to develop a more effi-
cient option (R. Heath - unpubl. data).  Judg-
ing the process from a distance, it seems that
(aside from technical aspects such as formu-
lation issues or materials for trap assemblage)
most of the real obstacles have to do with a
lack of sufficient information on the basic bi-

ology and behavior of the flies.  Thus the
theme of this article emerges again: we need
to make a more serious effort to study the
natural history of fruit flies.  This means a
thorough examination of all the factors that
might elicit responses from the insects, includ-
ing visual and chemical stimuli from native
host plants, signals from potential mating part-
ners, and preference criteria used to evaluate
potential resting and feeding sites.

To give some general direction to possi-
ble natural history studies, I have several sug-
gestions.  1) Working with the odors of native
host plants would be more productive than
studying introduced hosts such as citrus and
mango.  This has already proven effective in
the case of A. ludens (Robacker et al. 1990).
2) As will be discussed later, when dealing
with oogenesis the interaction of biotic and
abiotic factors seems to be the key.  3) In the
case of baits, flies living in tropical environ-
ments would more likely respond to a com-
plex aromatic bouquet containing the odors
of the host as well as the pheromones of the
sexual partner.  All of these suggestions en-
tail long term studies under field and labora-
tory conditions (e.g., wind tunnels).

Some myths are the result of misiden-
tifications or lack of rigor when citing a ques-
tionable source.  As pointed out by R.A.
Zucchi (pers. comm.), T. curvicauda is
wrongly reported as being present in Brazil
(e.g., Foote 1965).  The problem appears to
be a taxonomic one.  The genus Mikimyia
Bigot has been considered a synonym of
Toxotrypana, and the only species placed in
Mikimyia (M. furcifera Bigot) has been con-
sidered a synonym of T. curvicauda (R.A.
Zucchi - pers. comm.).  Given the fact that
the holotype of M. furcifera is not known, this
problem will not easily be solved in the near
future.  But since all recent expeditions in
search of T. curvicauda in Brazil have failed
to find specimens (Zucchi - in press), it can
be reasonably concluded that this species is
not present in Brazil and should thus be re-
moved from official lists and quarantine
protocols.

One last example of a fruit fly myth (actu-
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ally in this case, “rigid approach” would be a
more descriptive term) is represented by the
exclusive use of introduced (exotic)
parasitoids in biological control programs for
fruit flies.  To illustrate, in Mexico Fopius
arisanus Sonan (reported as Opius oophilus
Fullaway), Opius novocaledonicus Fullaway,
Opius formosanus Fullaway, Opius taiensis
Fullaway, Opius vandenboschi Fullaway,
Diachasmimorpha longicaudata (Ashmed)
(reported as Opius compensans Silvestri),
Aceratoneuromyia indica (Silvestri)
(Eulophidae) (reported as Syntomosphyrum
indicum), Dirhinus giffardi Silvestri, and
Pachycrepoideus vindemiae (Rondani)
(Pteromalidae) were introduced in the mid-
1950’s (Jiménez-Jiménez 1956, 1958, 1967)
and ever since all the attention has been fo-
cused on Diachasmimorpha longicaudata (a
generalist, larval-pupal parasitoid).  Why
haven’t native species been given an equal
opportunity?  The answer to such a question
is complex.

On the one hand, there are solid theoreti-
cal considerations and empirical results show-
ing that new parasite-host associations are
more effective than long-evolved associations
in successful biological control programs
(Hokkanen & Pimentel 1984).  These authors
state that “...new exploiter-victim associations
should be used as the preferred method in se-
lecting biological control agents” in the man-
agement of native pests (also see Hokkanen
& Pimentel 1989).  On the other hand, it has
been shown that the addition of a second
parasitoid species to a system already regu-
lated by a resident species may reduce the
degree of control (Kakehashi et al. 1984).
Further, and as pointed out by Hochberg
(1996), “only a few studies have addressed
how increasing the number of coexisting natu-
ral enemies in a system may produce an (un-
desirable) increase in the host’s equilibrium
level”.  Finally, and until recently, very little
information on the biology of native
parasitoids was available in Latin America
(Sivinski et al. 1997a, Aluja et al. 1998a).

In sum, I believe the argument for the use
of native parasitoids is a convincing one.  As

will be discussed later, the mass release of
native parasitoids should be tested as an al-
ternative to the longer term release of exotic
parasitoids, especially in areas where fly
populations reach high numbers and from
which individual flies are known to move into
commercial orchards.  Further, in regions were
growers are resource-poor, the following ac-
tions might be promoted as environmentally-
friendly alternatives to the widespread use of
insecticides (details below): 1) the preserva-
tion of habitats where parasitoids thrive and
2) the artificial increase of certain parasitoid
reservoir, diversity-enhancing and multiplier
species of trees (discussed below).

Realities (the real fruit fly world)

What do we really know about fruit flies
and their parasitoids in Latin America?  In
my opinion, and considering the millions of
dollars spend attempting to control them in
the past, still far too little.  I do not attempt to
review here the entire Latin American litera-
ture on fruit flies and their parasitoids.  Such
information can be found in Holler & Calkins
(1986), Wharton (1989), Aluja & Liedo
(1993), Aluja (1994), Sivinski (1996),
McPheron & Steck (1996), Aluja et al.
(1996), Anonymous (1996, 1999), López et
al. (1999), Aluja & Norrbom (2000), and
Malavasi & Zucchi (in press).

Arguably, one of the best studied areas in
fruit fly biology is systematics.  Certain groups
like Anastrepha, Blepharoneura, Hexachaeta,
Rhagoletis and Toxotrypana are fairly well
known, thanks to the pioneering efforts of M.
Aczél, M. Bezzi, E.E. Blanchard, A. da Costa
Lima, D.W. Coquillet, C.H. Curran, R.H.
Foote, C.T. Greene, F. Hendel, E.M. Hering,
G.C. Steyskal, A. Stone and the more recent
work of R.A. Zucchi (1978, 1981, 1988; et
al. 1996), A. Norrbom (Norrbom et al. 1999a,
b, 2000 and references therein, Condon &
Norrbom 1994), D.L. Frías (e.g., Frías &
Martínez 1991), C.G. Korytkowski
(Korytkowski 1974, Korytkowski & Ojeda
1968, 1969) and V. Hernández-Ortíz
(Hernández-Ortíz 1992).  Despite these ef-
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forts, many outstanding questions remain and
more work is needed (see section on future
research paths).  For example, a revision of
Toxotrypana is long overdue.

Other topics that have received consider-
able attention are surveys of fly species and
their host plants (Baker et al. 1944, Aluja et
al. 1987, 1999 and references therein,
Norrbom & Kim 1988, Hernández-Ortíz &
Pérez-Alonso 1993, Silva et al. 1993, Piedra
et al. 1993, Araujo et al. 1996) and studies of
population fluctuations in Mexico (González-
Hernández & Tejada 1979, Malo et al. 1987,
Aluja et al. 1989, 1990, 1996, Aluja 1993b,
Celedonio-Hurtado et al. 1995), in Belize
(Houston 1981), in Costa Rica (Soto-Manatiú
& Jirón 1989, Jirón & Hedström 1991), in
Colombia (Olarte 1980), in Venezuela
(Martínez & Godoy 1986), and in Brazil
(Malavasi & Morgante 1981, Nascimento &
Zucchi 1981, Fehn 1982, Fernandes 1987,
Zahler 1990).  Yet with few exceptions, these
studies have provided very little of the criti-
cal biological information needed to really
understand the long term population fluctua-
tions of these organisms. This is because too
little attention has been paid to the areas sur-
rounding the orchards where these studies
were carried out, and more importantly, be-
cause these studies encompassed  too short a
period of time.

As Aluja et al. (1996) clearly show, short-
term studies (i.e., 1-3 years) can be very mis-
leading.  These authors, working in five dif-
ferent mango orchards over five years, dem-
onstrated that even though up to 10 species
of fruit flies were captured in an orchard, one
species always predominated (A. obliqua).
But interestingly, on occasion the second most
abundant species (A. ludens) reached higher
population levels than the dominant species.
Specifically, A. obliqua dominated the site
from 1982 to 1985, but A. ludens did so in
1986.  In all likelihood, such an important bio-
logical result would have gone undetected in
a short-term study.  Based on this finding, it
was recommended that population studies last
a minimum of four years in order to have a
reasonable chance of detecting important fluc-

tuations (Aluja et al. 1996).  More recent ex-
periences have lead me to believe that an ac-
curate picture of natural population fluctua-
tions requires a minimum of 10 years of con-
tinued trapping.  I base this statement on the
realization that the highly variable, global
weather patterns of recent times have had a
tremendous effect on the fruiting patterns of
many host plants.  As a consequence, many
fly populations have crashed at the local level.
In order to ascertain the time required for these
populations to recover and the periodicity of
the new fluctuation patterns, multiyear stud-
ies need to be undertaken in Latin America.  I
urge all researchers to consider both the or-
chard and its surrounding area when embark-
ing upon these studies.  Ideally, a regional
approach, which takes into account commer-
cial and semi-commercial orchards, backyard
gardens, and patches of native vegetation,
should be followed.  For this to be possible,
considerable funds will be necessary.

Other fields of study in which consider-
able knowledge on fruit flies has been accrued,
albeit under artificial laboratory conditions,
are demography and nutritional ecology.  Two
research groups stand out in Latin America:
one lead by F.S. Zucoloto in Brasil and the
other directed by P. Liedo in Mexico.  Both
teams have contributed significantly to the lit-
erature on Ceratitis capitata and Anastrepha
spp. (Simoes-Braga & Zucoloto 1981,
Zucoloto 1987, 1988, 1989, 1991, 1992,
Celedonio et al. 1988, Carey et al. 1992,
1998abc, Message & Zucoloto 1989, Ferro
& Zucoloto 1989ab, Liedo et al. 1992,
Fernandes-da-Silva & Zucoloto 1993,
Cangussu & Zucoloto 1993, 1997, Liedo &
Carey 1994, Jácome et al. 1995, 1999, Canato
& Zucoloto 1998 and Bravo & Zucoloto
1998).

Fruit fly behavior has also been an impor-
tant research topic in Latin America, espe-
cially studies of Anastrepha, Blepharoneura,
Ceratitis, Rhagoletis and Toxotrypana.  But
much more work is needed if we are to reach
a sufficient degree of understanding of this
complex topic.  For recent reviews of this lit-
erature see Díaz-Fleischer & Aluja (2000),
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Aluja et al. (2000), Condon & Norrbom
(2000), Yuval & Hendrichs (2000), Eberhard
(2000), Prokopy & Papaj (2000) and Landolt
(2000).  Also see Aluja & Norrbom (2000)
for an overview of the behavior of tephritid
groups and various related families.

An area of investigation that has received
much recent attention in Latin America is na-
tive parasitoids.  In Brasil for example, re-
cent efforts by R.A. Zucchi, his students and
his collaborators, have yielded important in-
formation on the abundance of parasitoids in
non-agricultural settings (Nascimento et al.
1979, Aguiar et al. 1992, Canal et al. 1994,
1995, Leonel et al. 1995, Araujo et al. 1996,
Guimarães et al. 1999).  Related studies have
been carried out in Mexico (González-
Hernández & Tejada 1979, Aluja et al. 1990,
Hernández-Ortíz et al. 1994, López et al.
1999), Guatemala (Eskafi 1990), Costa Rica
(Wharton et al. 1981, Jirón & Mexzon 1989),
Colombia (Yépes & Vélez 1989), Venezuela
(Katiyar et al. 1995) and Argentina (Turica
& Mallo 1961, Nasca 1973, de Santis 1980,
Fernández-de-Araoz & Nasca 1984, Díaz
1986, Ovruski 1995).  Furthermore, studies
by J. Sivinski, M. López, M. Aluja and their
collaborators have shed light on some basic
aspects of parasitoid biology, ecology and
behavior (Sivinski et al. 1997ab, 1998,
Sivinski 2000, Aluja et al. 1998a, Hodgson
et al. 1998, Menezes et al. 1998, López et al.
1999, Eben et al. - in press, Montoya et al. -
submitted, in press, Ruíz et al. - submitted).
Notable findings from these studies include:
1) the widespread occurrence and relative
abundance of Doryctobracon areolatus, 2) the
widespread occurrence of diapause among
native (as well as some exotic) parasitoids in
tropical environments, 3) the high specificity
of the native pupal endoparasitoid Coptera
haywardi (which may make it possible to re-
place the exotic, generalist, ectoparasitoid
Pachycrepoideus vindemiae in augmentative
biological control programs [Guillén et al.
1999]), 4) the complex associations of mem-
bers of the parasitoid guilds in tree canopies,
and 5) the great importance of native vegeta-
tion as natural reservoirs for parasitoid spe-

cies.

In the last instance, Aluja & Sivinski (sub-
mitted) proposed the following classification
for parasitoid reservoirs: 1) reservoir species,
2) diversity enhancing species and 3) multi-
plier species.  Some multiplier species, such
as Spondias mombin, can produce up to 207
parasitoids per kilogram of fruit or over 4,000
parasitoids per tree (Aluja & Sivinski - sub-
mitted).  These authors further propose that
wild parasitoid reservoirs should become an
integral part of regional fruit fly management
programs.  Among other recommendations,
they propose the establishment of nurseries
to propagate plant species that act as
parasitoid reservoirs, and the reintroduction
of such reservoir plants as part of national
reforestation programs.  An added benefit of
managing reservoir plants is that many repre-
sent valuable timber sources for the poor, ru-
ral farming family.  Such is the case with
Tapirira mexicana, a tree with wood equal to
the quality of mahogany (Terrazas & Wendt
1995).

Undoubtedly two areas where progress
has been significant are postharvest
treatments (e.g., Sharp 1992, Mangan & Ingle
1992, 1994) and the sterile insect technique
(e.g., Gilmore 1989, Hendrichs et al. 1995,
Rendón et al. 1998).  Unfortunately in the
latter case, almost all current research efforts
are aimed at the Medfly (C. capitata).  In my
opinion, an equivalent amount of attention
is long overdue in the case of Anastrepha.
In this respect, the Mexican Campaña
Nacional contra las Moscas de la Fruta is
leading the way and has been able to
simultaneously mass rear A. ludens, A.
obliqua and A. serpentina.  Recently, two of
these species (A. ludens and A. obliqua) were
sterilized and mass released to
simultaneously eradicate these species in
Baja California Sur, Mexico (J. Reyes - pers.
comm.). Similar efforts, in combination with
mass releases of parasitoids and other
biorrational control strategies (such as habi-
tat manipulation) would be welcome in many
other parts of Latin America.
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Before finishing this section, I would like
to mention a critical aspect of fruit fly biology
that managers need to take more seriously.
Many important stages in the life history of
fruit flies are completed away from the or-
chard, occurring instead in the surrounding
landscape matrix.  That is where our princi-
pal management efforts need to be directed.
This is especially true in the case of biologi-
cal control programs.  For example, mass-
reared larval and pupal parasitoids (such as
Coptera haywardi, Doryctobracon areolatus
or Utetes anastrephae) might be released ad-
jacent to commercial mango orchards, in ar-
eas near wild host species such as Spondias
purpurea.  This would drastically reduce fly
populations without the need for insecticides
or the widespread removal of wild hosts
plants.  Such parasitoid treatments might be
supplemented by sterile fly releases in order
to minimize the impact of flies that escaped
parasitism.

Dreams (future research paths)

As stated at the beginning of this article,
fruit flies are complex and sophisticated or-
ganisms.  If we are to make headway in un-
derstanding them, we need to incorporate this
complexity into our research protocols
(granted of course, that we have gathered
enough information on the natural history of
the particular species of interest).  I will illus-
trate my point using the following examples.

First, oogenesis has been approached ei-
ther from a descriptive perspective (Bressan
& Teles 1991, Martínez et al. 1995, Ramírez
et al. 1996) or by using simple experimental
protocols that consider only one variable at a
time.  Even though such approaches have
yielded useful information, a recent study by
Lagunes (1998) clearly showed that ovary
maturation is driven by chemical and social
factors, diet, and the age and availability of
host plants.  Furthermore, Fitt (1986) showed
that patterns of oogenesis varied sharply be-
tween r- and K-selected species of Bactrocera.
A similar pattern is observed in Anastrepha.
Such information underscores the need for

solid natural history studies.
Another good example of the complexity

of fruit fly biology can be found in studies of
nutritional ecology.  Many Latin American
studies describe the effects of artificial diets
on life history traits such as fecundity or lon-
gevity.  As already noted, the elegant work of
F.S. Zucoloto stands out in this respect.  What
is missing from such work is a more natural
setting.  Typically, only artificial diets pre-
sented on a continuous basis are offered to
flies.  The danger of such experimental
protocols is that flies will either exhibit un-
characteristic responses or that the laboratory
findings will have little bearing on what hap-
pens in nature.

To illustrate this last point, Jácome et al.
(1999) recently documented the existence of
a “junk food syndrome” in Anastrepha
serpentina.  That is to say, when females were
offered the choice between sucrose and pro-
tein, they preferred the sucrose (i.e. junk food)
over the protein.  This phenomenon has a
physiological basis.  Tseng et al. (1983) and
Jones et al. (1992) working with another fly
(stable fly, Stomoxys calcitrans (Linnaeus)),
reported that carbohydrates can block
behavioral reflexes associated with hunger for
protein.  The discovery of this phenomenon
in fruit flies is interesting, but how common
is it in nature?

Furthermore, how relevant are many ex-
perimental protocols to natural scenarios?  For
example, it is unlikely that a fly in nature en-
counters high quality food every day, yet many
experimental designs call for a continuously
available food source.  Obviously, extrapola-
tion from laboratory to field conditions would
be difficult under these circumstances and
results would have to be treated cautiously.
Underscoring this point is a recent study of
individual feeding patterns in A. serpentina.
In this investigation, Jácome et al. (1999) dis-
covered that flies do not feed every day.  In
fact, on occasion three days can pass without
a single feeding bout being recorded for a
particular individual (all flies were individu-
ally marked in this study).  The results of this
study force us to reconsider the basic premise
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of the continual feeding protocol of many
experimental designs in order to ask a more
fundamental question.  If flies in nature nei-
ther feed daily nor encounter high quality
foods on a daily basis, then shouldn’t our ex-
periments simulate such natural conditions,
rather than introduce the confounding effects
of artificial or unnatural scenarios?

A final example of the complexity alluded
to at the beginning of this section is the effect
that environmental variability can have on
such phenomena as diapause or on certain life
history traits.  For example, Aluja et al.
(1998a) showed that diapause is widespread
among many native (and a few exotic)
parasitoids under the ambient conditions of
natural tropical environments, but it has yet
to be recorded for parasitoids maintained in
laboratory colonies under controlled condi-
tions.  Specifically, neither Aganaspis
pelleranoi nor Odontosema anastrephae ex-
hibited diapause when reared under a constant
temperature regime, but when field collected,
particularly between September and Decem-
ber, these species entered a diapause period
which lasted up to 11 months.

Life history traits such as longevity can
also be influenced by environmental variation.
For example, individuals of Doryctobracon
areolatus maintained under strict laboratory
conditions lived only one third the amount of
time as individuals maintained under variable
(i.e., fluctuating) field conditions (M. Aluja,
M. López & J. Sivinski - unpubl. inf.).  Aluja
et al. (2000) indicate that mortality schedules
and maximum longevity in strictly
monophagous, univoltine species (e.g., A.
crebra Stone or A. bezzii Costa Lima) differ
greatly from those of polyphagous,
multivoltine species (e.g., A. ludens or A.
serpentina), and that these differences prob-
ably reflect unique life history adaptations to
environmental variability.  These authors in-
dicate that “...when adult A. ludens and A.
serpentina were kept in 30 x 30 x 30 cm
Plexiglass cages under laboratory conditions,
3.3% and 8.3%, respectively, were alive after
120 days.  In contrast, when A. crebra and A.
bezzii adults were maintained in exactly the

same conditions, 60.0% and 46.6%, respec-
tively, were alive after 120 days”.  Aluja et
al. (2000) speculate that A. crebra and A.
bezzii adults “...must survive for long periods
to cope with the high environmental variabil-
ity which determines the fruit production
schedule of its host plants (Quararibea
funebris (Llave) Vischer and Sterculia apetala
(Jacq.) Karst. for A. crebra and A. bezzii, re-
spectively)”.  Adults of A. ludens and A.
serpentina, on the other hand, exploit a series
of host species that appear in a progressive
fashion throughout most of the year and thus
may not need to live as long.  These results
suggest that if we are to truly understand fruit
fly biology, we need to look at different life
history strategies among pest and non-pest
species.

All the above clearly demonstrates the role
that environmental variability (e.g., varying
temperature regimes) plays in shaping the life
history of flies and their parasitoids.  Based
on this evidence, I believe it is necessary to
spend many more years in the field collecting
biologically meaningful data, before we
plunge into sophisticated laboratory studies.
In my opinion, the opposite tactic is too often
followed.  And without baseline natural his-
tory data, it’s no wonder why so little progress
is being made in fruit fly ecology, biology and
behavior.  The desperate need for more field
data also underscores the inadequacy of cur-
rent funding programs.  As a rule, funds are
only provided for short term studies and un-
der very inflexible conditions.  Long term field
investigations, supported by flexible funding
mechanisms, must be developed if we hope
to make any substantial progress in the future.

As I indicated at the beginning of this pa-
per, high among the priority list of future re-
search on fruit flies is the need to deepen our
knowledge of natural history.  For example,
in the case of host plant relationships we need
to expand the scope of our surveys and go
beyond simple lists.  Instead, what is critically
needed is the phenology of host plant use at
the local level.  For example, we might ask
how a multivoltine species like A. obliqua is
able to shift from one host plant to another
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during the year and compare its performance
on each host species.  We might also measure
critical life history parameters for flies, such
as fecundity and life expectancy, as they vary
in association with each host.

Also, we need to determine what strate-
gies different fly species use to survive the
long periods of time in which no alternative
host plants are available.  To continue with
the example of A. obliqua, in central Veracruz,
Mexico, this species uses the following host
plants (in order of occurrence): Spondias
purpurea (May-June) > Mangifera indica
(June-July) > Spondias mombin and Spondias
spp. (August-September) > Tapirira mexicana
(October-November).  From December
through April it is unclear how the flies sur-
vive until Spondias purpurea fruits are again
available.

Aluja et al. (submitted) recently discov-
ered that Myrciaria floribunda (Myrtaceae)
can serve as a host to A. obliqua during the
months of March through April.  The prob-
lem is that this host is also used by A. bahiensis
Costa Lima and A. fraterculus, and as a re-
sult, there is probably strong competition for
its use (all three species have been obtained
in one single fruit).  Further, M. floribunda is
heavily predated by local mammals and birds.
So, even though it does represent an alterna-
tive host plant, and one that fruits at a time
when no other host is available, it is unlikely
that M. floribunda can maintain large
populations of fruit flies for long periods of
time.  Thus, the mystery of how A. obliqua
survives from December until April is still
unresolved.

Given the fact that diapause has never been
reported in Anastrepha, what are the prob-
able mechanisms that would permit individu-
als of A. obliqua, and for that matter many
other species, to survive such long periods of
time?  One recent discovery that sheds light
on this subject, is the delayed development
of larvae and pupae that has been reported in
A. fraterculus (Kovaleski 1997).  This author
showed that in the apple growing regions of
Rio Grande do Sul and Santa Catarina in
Brasil, when temperatures drop during the

winter months, development of immature
forms is reduced significantly.  A similar phe-
nomenon has been recently discovered in the
Medfly (Ceratitis capitata).  In this case,
Papadopoulus et al. (1996) and shortly there-
after Israely et al. (1997), demonstrated that
larvae can remain inside the fruit in a sus-
pended state of development during the cold
months of the year.  With this strategy they
can also survive the long period after the last
host plant of the season, starting with early
varieties of apples and overwintering in late
varieties such as Granny-Smith (Papado-
poulus et al. [1996], Israely et al. [1997]).

In the case of A. obliqua, a fly that lives in
warmer regions, such a phenomenon has not
been documented.  In our studies, all flies
collected from the last host plant of the sea-
son (T. mexicana) emerged during the same
season (Aluja et al. 1998a).  This was in sharp
contrast to most parasitoid species, which
entered a diapause phase (Aluja et al. 1998a).
Thus, it appears that adults likely survive pro-
longed periods of time in the absence of avail-
able host plants.  In the case of A. alveata
Stone, a strictly monophagous species, Aluja
et al. (2000) report that adults can live up to
431 days.  In A. obliqua, the longest life span
of an individual in the laboratory is 185 days
for a female (P. Liedo & M. Aluja - unpubl.
inf.).  Thus, it is quite likely that after emerg-
ing under T. mexicana trees, A. obliqua adults
seek moist spots in canyons were they are able
to survive until suitable hosts are again avail-
able.  Nevertheless, this needs to be formally
documented.

There are still other areas of fruit fly re-
search that I believe need greater attention.
Specifically, I refer to such topics as:  1) popu-
lation dynamics (e.g. the role of biotic and
abiotic mortality factors), 2) behavior (e.g.
foraging, oviposition and sexual behaviors, as
well as long range movements), 3) physiol-
ogy (e.g. the interactive role of biotic and abi-
otic factors in oogenesis and male sexual
maturation), 4) nutritional ecology (as already
noted, more emphasis should be placed on
understanding the key interactive elements)
and 5) chemical ecology (e.g. the chemical
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characterization of volatile host plant com-
pounds and insect sexual pheromones).  In all
cases, it would be very productive to make as
many interspecific comparisons as possible
(see Aluja et al.  2000 for further details).

The area of behavior deserves special at-
tention.  As noted before, a recently published
book (Aluja & Norrbom 2000) provides a
thorough review of the phylogeny and evolu-
tion of behavior in tephritid flies.  I will not
repeat here what is aptly discussed by many
authorities there.   Nevertheless, there are a
few aspects that I believe should be men-
tioned.  For example, we are still ignorant
about what distinguishes successful from un-
successful courtships in lekking fruit flies, or
if female criteria for choosing male traits vary
geographically (Eberhard 2000).  Large gaps
still exist in our understanding of the sexual
biology of flies, in particular questions remain
to be answered in regard to the determinants
of male copulatory and reproductive success
(Yuval & Hendrichs 2000), as well as the eco-
logical conditions that determine why some
tropical species form leks.  Larval behavior
seems particularly neglected (Condon &
Norrbom 2000, Yuval & Hendrichs 2000).
For example, in the Trypetinae, virtually noth-
ing is known about the temporal and spatial
differences in the utilization of fruit by larvae
(Drew & Yuval 2000) or about larval re-
sponses to natural enemies (Yuval &
Hendrichs 2000).

Some of the questions on the evolution of
fruit fly behavior could be resolved by a con-
sideration of families related to the Tephritidae
(i.e., the Lonchaeidae, Pallopteridae, Pio-
pilidae, Ulidiidae (= Otitidae), Platys-
tomatidae and Richardiidae (Sivinski 2000).
As this author points out, it would be particu-
larly interesting to compare the ecology and
mating behavior of lekking and swarming spe-
cies (e.g., compare the Tephritidae with the
Pyrgotidae).

Of particular importance are studies of
behavior under field conditions  (Aluja et al.
2000).  For example, little is known about
behavior of flies when they are not on host
trees (Landolt 2000).  As noted by Headrick

& Goeden (2000), field studies will continue
to be challenging, but are necessary in order
to verify laboratory-based observations.

The need for more efficient monitoring
mechanisms has already been addressed.
However, I would point out again that we must
continue to develop traps, not only for flies
but also for parasitoids.  With the exception
of the attempts by Messing & Wong (1992)
no other studies have addressed this interest-
ing topic.  Furthermore, and most importantly,
we really need to make an effort to correlate
trap captures with larval infestation levels.
This, of course, should be done once a substi-
tute for the McPhail trap is available.  With-
out such studies, we will never be able to fine-
tune our management strategies (e.g. using
economic thresholds to determine the need for
intervention).  It is difficult to understand why
this critical gap in information has not already
been addressed.  Finally, and as mentioned in
the beginning of this article, we need to con-
stantly remind ourselves that most growers in
Latin America are very poor.  As a result, it is
unlikely that they will be able to purchase
costly traps.  Based on this knowledge, we
need to make a greater effort to design inex-
pensive traps and baits that are available lo-
cally.  These may not be as efficient as the
more costly models, but for a poor farmer with
little access to capital the goal is not blemish-
free fruit, but rather a reduction in the dam-
age inflicted by flies.  For these growers (who
may lose 60 to 100% of their harvest), a 20 to
30% reduction in infestation levels is signifi-
cant.

As an example of a cost effective trap for
the poor grower, Piñero (1995) and Vázquez
(1995), following the pioneering work of
Hedström (1988), successfully tested human
urine and chicken feces as a bait for wet traps
(following previous reports by Hedström
1988).  In these studies, human urine never
attracted as many flies as hydrolyzed protein,
but on occasions the proportion of immature
females was higher in the urine-baited traps
than in the protein-baited traps.  This is really
quite significant for the poor farmer who wants
to know the fly population levels in his or-
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chard.  At virtually no cost to the farmer, a
recycled plastic bottle baited with the right
concentration of human urine will suffice.

Before finishing, let me briefly review
some of the alternatives to insecticides that
we now have available for the control of fruit
flies (also see Aluja 1996).  Some of the new-
est, environmentally-safe developments are:
1) photosensitive dyes as substitutes for in-
secticides in toxic baits like malathion.  These
dyes have to be consumed by the insect, which
then dies when exposed to sunlight.  Used in
combination with specific food bait for adult
fruit flies, they do not kill non-target organ-
isms (Mangan & Moreno 1995, Moreno &
Mangan 1995, Lee et al. 1997, Heitz et al.
1997), 2) synthetic host marking pheromones
to repel Anastrepha flies from treated fruit
(Aluja et al. 1998b), 3) the use of the toxin
“spinosad” derived from the fungus
Sacaropolyspora spinosa.  This toxin acts on
any insect by contact or by ingestion, and can
be made more specific when combined with
fruit fly food baits (Peck & McQuate 1999),
and 4) the design of papaya orchards to trap
out immigrating individuals of T. curvicauda
(Aluja et al. 1997a).

In conclusion, the dawn of a new century
offers the opportunity for many young scien-
tists to get involved in fruit fly studies using a
different mindset.  The time is ripe for new
paradigms in fruit fly research and manage-
ment approaches.  Let us not wait any longer
to take advantage of this historic opportunity.
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