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The economic and ecological effects of invasive species,
notably pests (Mack et al. 2000; Suckling and Brockerhoff
2010; Ragsdale et al. 2011), are now widely recognized
(Thomas 1999; Pysek and Richardson 2010). The South
American tomato pinworm Tuta absoluta Meyrick (Lepi-
doptera: Gelechiidae) is an invasive pest, native to South
America which was detected in eastern Spain at the end of
2006. Since then, T. absoluta has spread to the European
and the North African Mediterranean Basin countries
where it has become a serious agricultural threat to tomato
production in both greenhouse and outdoor tomato crops
(see Desneux et al. 2010 for a thorough review). This pest
spreads rapidly and its status in the world has completely
changed within only a few years from a South American
tomato pest to a major threat to tomato world production.
In this letter, we update the available information on the
current distribution of 7. absoluta in the world. Moreover,
we describe and discuss the threat represented by the rapid
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spread of T. absoluta and how this pest is going to change
world tomato production.

Exceptional speed of spread in invaded areas

Tuta absoluta is thought to be native to Central America
although records until recently are unsure and the pest has
not been reported in this area for almost 50 years. Dis-
semination throughout South America was attributed to
fruit commercialization (Caceres 1992), but this has not
been supported by any further datasets. Nevertheless,
introductions into new regions appear to be somehow
linked to importation of tomato fruits, with confirmed cases
in Eurasia (UK, Netherlands, Russia, and Lithuania).
Conversely, although data from sampling with pheromone
traps seem to indicate that 7. absoluta is characterized by
an active dispersal capacity, more reliable information is
not available to shed light on how T. absoluta adult dis-
persion contributes to its rapid spread in Mediterranean
countries. Data on its flight ability and how wind currents
may contribute to long range dispersal are still lacking,
though the history of invasion in Afro-Eurasia and Middle
East countries suggests that 7. absoluta is able to spread
and rapidly colonize new areas without any human-related
help.

In 2007, T. absoluta was found in multiple locations in
Spain, and in the following years in main Mediterranean
coastal tomato-producing areas with populations quickly
reaching damaging levels (Desneux et al. 2010). This
occurred despite plant protection agencies’ efforts, dem-
onstrating how fast 7. absoluta populations can build up
when resources are available. In Afro-Eurasia, the pest was
reported by the end of 2011 (by academic scientists,
extension scientists and/or government official reports) in
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Albania, Algeria, Bahrain, Bosnia and Herzegovina Bul-
garia, Cyprus, Croatia, Denmark, Egypt, France, Germany,
Greece, Hungary, Israel, Iraq, Italy, Jordan, Kosovo,
Kuwait, Libya, Lithuania, Malta, Morocco, Netherlands,
Portugal, Romania, Russia (Krasnodar area), Saudi Arabia,
Serbia, Spain, Switzerland, Syria, Tunisia, Turkey, and
United Kingdom (Buhl et al. 2010; Ciuljak et al. 2010;
Desneux et al. 2010; Duric and Hrnic 2010; Erler et al.
2010; Keresi et al. 2010; Kili¢ 2010; Ostrauskas and
Ivinskis 2010; Seplyarsky et al. 2010; Izhevsky et al. 2011)
(Fig. 1). Moreover, because of geographic proximity,
T. absoluta is also considered by Plant Protection agencies
such as USDA-APHIS (U.S. Department of Agriculture
Animal and Plant Health Inspection Service) to be present
in the following countries: Austria, Belgium, Czech
Republic, Estonia, Finland, Ireland, Latvia, Luxembourg,
Poland, Russia (European border), Slovakia, Slovenia, and
Sweden (Bech 2011) (Fig. 1). Based on the current speed
of spread observed in the mainland of the Afro-Eurasian
super continent and on tomato crops not infested in Asia
yet (1.9 M ha of tomato, with 20.9, 13.6, and 3.7% of the
world tomato-planted surface in China, India, and Iran,
respectively), T. absoluta may invade Iran in 2011-2012,
India in 2013-2014, China in 2015-2016 and the pest
would ultimately reach the Pacific Coast around
2016-2017. This would mainly depend on measures that
the Indian and Chinese governments would take to slow
down the spread in these countries.

Insights on scenarios of invasion by T. absoluta

Introductions of individuals in remote geographical areas
can, in certain circumstances, lead to invasions, i.€., to their
establishment, increase in number and geographical spread.
Reasons for success or failure of such introductions remain
unclear and constitute a significant research area in inva-
sion biology (Kolar and Lodge 2001). Both the success and
failure of invasions can be observed in various locations in
the case of multiple introductions, some of them invading
and some of them failing to establish, as in the case of the
western corn rootworm Diabrotica virgifera (Ciosi et al.
2008). They can also be observed over a period of time
when a recent burst of invasions suddenly occurs after a
long period of unsuccessful introductions, as in the case of
the Asian ladybird Harmonia axyridis (Lombaert et al.
2010). The recent history of 7. absoluta most likely fits the
latter case: it remained in South America, at high density in
some locations, for more than 40 years and then suddenly
became successfully invasive in various parts of the world,
including remote areas such as Africa and Europe, and
the northern part of its native range (Central America).
Possible explanations include (i) changes in the inter-

continental migration regime, with introductions occurring
only recently or being more frequent than before, (ii)
changes in the environment allowing a new fit between the
introduced individuals and their environment, or (iii) evo-
lutionary changes in the pest biological characteristics also
leading to a better match between the exotic environment
and the introduced species (Facon et al. 2006). In addition,
after the establishment of the introduced individuals, the
colonization of the Mediterranean countries has been
exceptionally rapid, with a geographical spread of ca.
4,000 km in about 5 years. Such speed may be explained
by intra-continental dispersal facilitation due to human
transportation, but it can also be caused by ecological or
evolutionary phenomena. First, the Mediterranean envi-
ronment may be particularly suitable for the pest because
of various factors including climatic conditions or tomato
varieties. The absence of co-evolved natural enemies may
also explain why the dynamics in the invaded area looks so
explosive in comparison to the native area where natural
enemies are frequent (Luna et al. 2007 and references
therein). The tomato-production system is more intensive
in Europe and North Africa and thus constitutes a richer
and more homogeneous environment than in South
America which may have a positive effect on growth and
dispersion of T. absoluta. Second, a rapid post introduction
evolution of the newly introduced pest population may
explain its impressive dynamics: the literature on invasions
shows that dispersal capabilities can increase during colo-
nization (Phillips et al. 2006) because of a simple evolu-
tionary process (best dispersers mate together on the
colonization front (Shine et al. 2011)). A similar process
may explain the increase in growth ability (evolution
toward r strategy) of the invader during colonization
(Burton et al. 2010).

In order to understand what processes actually happened
and to propose a likely explanation for the recent invasions
of T. absoluta and their dynamics, we need to describe its
‘routes of invasion’, i.e., the history of their populations of
origin and the historical, demographic and genetic features
of the introduced, established and invasive populations
(Estoup and Guillemaud 2010). It is worth noting that the
description of invasion routes including the finding of the
precise population(s) of origin can also facilitate how to
design strategies to prevent new introductions and to con-
trol invasive populations (Estoup and Guillemaud 2010).
The main questions related to the invasion routes of
T. absoluta are the following: (i) Did a single or multiple
transatlantic introduction from South America account for
both European and African invasions? (ii) If only one
transatlantic introduction occurred, what was the sequence
of the events—an introduction from the native area to
Africa and then from Africa to Europe or the opposite? (iii)
Where is (are) precisely located the source population(s) in
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South America? Historical records suggest that southern
Europe was the first and may be the sole introduction point
from South America because the tomato borer had never
been observed in Europe or Africa until its detection in
eastern Spain in 2006. However, recent literature shows
that great discrepancies may exist between inferences made
from direct recordings and invasion routes inferred from
population genetics studies (e.g., Miller et al. 2005).

Various teams in the world are currently working at
inferring the routes of invasion of 7. absoluta using
molecular genetic markers to describe the population
genetics variability of the tomato borer in its whole geo-
graphical range. The study of Cifuentes et al. (2011) is the
first attempt to do so, but unfortunately they could not
provide any information because the molecular markers
that were used (ITS1, ITS2, and COI) displayed no varia-
tion throughout the whole geographical range of the tomato
borer. Today, the exact origin of invasive 7. absoluta and
its invasion pathways remain unresolved. However, there is
no doubt that both ongoing and future studies using more
appropriate variable molecular markers—such as micro-
satellites, SNPs, or RADs (Restriction site Associated
DNA, Hohenlohe et al. 2010)—will soon provide a win-
dow into the history of 7. absoluta invasiveness.

Tuta absoluta emerging as a major threat
to sustainability of tomato world production

Tomato world production in 2009 was about 152 M tons
fresh tomatoes produced on 4.4 M ha. The top ten leading
tomato-producing countries are China, USA, India, Tur-
key, Egypt, Italy, Iran, Spain, Brazil, and Mexico. Pro-
duction has increased by 40% in only 10 years with Asia
accounting for 84% of increased production (China alone
accounts for 63% of this increase). Tomato is the second
most important vegetable crop next to potato in the world
and 7. absoluta-related threat to world tomato production
has drastically changed since 2006. The pest was limited
to South America for almost 40 years prior the invasion
of Spain. During this ‘South American’ period, only 3.1%
of surface cultivated and 5% of tomato production was
infested in the world. However, because of invasion in
2006 and rapid spread during the following years (up to
2011), 21.5% of surface cultivated (0.95 M ha), and
27.2% of tomato production (41 M tons) are now infested
by T. absoluta (Food and Agriculture Organization Data,
FAOSTAT). Based on the current known distribution
(Fig. 1), the pest is now threatening huge tomato-pro-
duction areas in Asia (e.g., Iran, India, and China), in
North America (since it recently moved to Central
America), and Africa (e.g., Nigeria represents 5.1% of the
surface planted with tomato in the world). Overall, areas

@ Springer

not infested yet but presently at risk for 7. absoluta
invasion represent 63.4% (2.78 M ha) of world tomato-
cropped surface and 60.2% (92.1 M tons) of tomato
production. A total of 84.9% (3.7M ha) and 87.4%
(133.7 M tons) of world tomato-cropped surface and
world tomato production, respectively, are now directly
threatened by 7. absoluta and could be infested in the
near future.

The presumed worldwide invasion would ultimately
result in large environmental and economic issues. For
example, the first years after the detection of T. absoluta in
the Mediterranean Basin, it caused great damage to pro-
duction and led to substantial increase of insecticide
applications. At that time, up to 15 insecticide applications
specifically targeting T. absoluta were added to Integrated
Pest Management (IPM) schemes. For example, in Spain it
led to an increase of 450 € per ha in cost related to pest
management (per cropping season). Currently, because of
optimization and better knowledge on 7. absoluta biology
and potential natural enemies, this cost has decreased to
around 100-150 € per ha (A. Montserrat, Consejeria
Agricultura, Region de Murcia, personal com.). In Argen-
tina, management of 7. absoluta is mainly based on pre-
ventive weekly or bi-weekly applications using about 16
different neurotoxic insecticides (Sanchez et al. 2009). IPM
programs relying on monitoring methods and usage of
selective insecticides (notably pyrethroids-, avermectin-,
and spinosad-based products) are also recommended but
still applied to a lesser extent (Polack and Mitidieri 2005).
In central Argentina, management of T.
accounts for 46 and 70% of pest management cost for early
(Sept-Dec) and late (Jan—-May) tomato crops, respectively,
ranging between US $80 and $460 per ha (Strassera 2009).
In the Northern Argentinean areas, costs usually remain
stable throughout the cropping season (Apr—Dec) and
account for 38% (US $175 per ha) of total IPM costs
(Molina et al. 2011).

In the worst case scenario, future invasions by 7. ab-
soluta in the world would result in an increase of around
240-420 M € (based on the Spanish case, i.e., 100-150 €
per ha) and US $487 M (based on the Argentinean case,
i.e., US $175 per ha) per year for pest management in
tomato crops. In addition, extensive insecticide use by
tomato growers may cause multiple negative side-effects
(Desneux et al. 2006, 2007). In particular it would nega-
tively affect natural enemies used in IPM programs in
tomato crops (Arn6é and Gabarra 2011; Zappala et al.
2011), thus, compromising sustainability and efficacy of
such programs in newly invaded countries.

Finally, T. absoluta appears as a major threat to coun-
tries, whose tomato exports are important for the economy,
especially exporters such as Mexico, USA, Canada, India,
and China (they are not infested yet but are now at high
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risk since the recent invasions both in the Afro-Eurasian
continent and Central America, i.e., Panama). In several of
these countries, including also many already infested,
multiscale (local, regional, national, and international)
programs are taking place or are being developed to reduce
current and potential future impacts of 7. absoluta on
tomato production. However, it is unclear how they would
be efficient in slowing down or preventing further spread of
T. absoluta. The current distribution in the whole Afro-
Eurasian continent appears almost irreversible and effec-
tive management would require the coordinated efforts of
research scientists, extension specialists and growers not
only in already invaded countries but also in those cur-
rently at risk of invasion.
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