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Introduction

Invasive species or invasive alien species are non native
organisms or exotic species that cause or have a
potential to cause damages to the environment, human
health and consequently to the economy. Biodiversity
experts define invasive species as any exotic species that
threatens the stability and balance of an ecosystem. The
introduction can be accidental or intentional, like food
and fruits through ports and airports, but the qualifier of
Vinvasive” implies that this introduced species was well
established, reproduced, spread and eventually replacing
the native(s) specie(s).

Each species (animals, plants and microorganisms) has
their natural or native area that can range from a few
hectares to a whole continent. They have to face many
local environmental factors (physical and biological).

The Souss valley (Southwest of Morocco) has
experienced 2 introductions of invasive species during
the last 20 years. The first one was TYLCV in 1998 and
T. absoluta in 2008. After the introduction of the tomato
leafminer, T. absoluta, it became the number one pest
on the protected tomato crops in the Souss valley. The
study was initiated to estimate the impact of this new
invasive pest on the management (IPM and
conventional) of tomato crops. The most important way
to highlight this impact was to evaluate the plant
protection products sprayed to control T. absoluta.

Moroccan tomato exports have been growing from
237,000 to 421,000 tons respectively, between 2004
and 2009. However, there is a decline in production for
export (313,769 t in 2009/2010 compared to 421,145 t
in 2008/2009, Figure 1).

Figure 1
Tomato exports from the Souss Valley of Morocco
before and after the invasion of T. absoluta
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Biology of T. absoluta

The tomato leafminer, T. absoluta (Lepidoptera:
Gelechiidae), is a microlepidopterous (Figure 2) and
multivoltine species that feeds on leaves, fruits, stems,
buds and flowers (Figure 3 and 4). The larvae cause
damage by feeding on the leaves’ mesophyll causing the
photosynthetic capability to be affected. Moreover, injury
to fruits causes important losses (Figure 5). The tomato
is the host plant of choice, but 7. absoluta can infest
other cultivated solanaceae (eggplant, potato, tobacco)
or wild species (Solanum nigrum, Datura stramonium).

Figure 2
T. absoluta adult




CIHEAM

International Centre for Advanced
lediterranean Agronomic Studies

Watch Letter n°33 - June 2015

Figure 3
Larva of T. absoluta feeding on tomato leaves (left)
and fruit (right)

Figure 4
Larva of T. absoluta feeding on a tomato stem

Figure 5
Total damage caused by T. absoluta in tomato greenhouse
(Souss Valley of Morocco)

The life cycle depends on the temperature and can take
from 76 days at 14 °-C to 24 days at 27 °C and the
number of generations ranges from 10 to 12. The
threshold temperature is 7 °C. The average number of
eggs laid is 200 on the lower side of leaves and on the
sepals of immature fruits. 7. absoluta have 4 larval
instars.

Impact of invasive pest T. absoluta in Morocco

In order to evaluate the impact of the invasion of tomato
leafminer (7. absoluta) in Morocco, we should first select
the best way or criterion to achieve the following:

- Estimation of damage at farm level (small scale).

- Estimation of losses at export level (national or
regional exports).

- Statistics of plant protection products imported and
authorized to prevent T. absoluta (national level).

- Estimate the costs of plant protection products
(PPP’s) really used to control T. absoluta.

The last criterion seems to best illustrate the effects and
gives the real impact of this new invasion because of its
direct link to end users of PPP’s.

During the first season after the T. absoluta invasion
(2009-2010), 13% (78 farms, Table 1) of the total
tomato crops in the Souss valley were surveyed. The
farm sizes, cultivars, greenhouse structures, insect proof
(passive aeration), plantation dates, density of
plantation, distance from the Atlantic Ocean, total and
export vyields, number of sprays and PPP's sprayed
(chemical and biological) were parameters considered to
achieve this study.

Depending on farm size, the largest farms (>10 Ha)
spent approximately one third (29%), of total PPPs used,
to control T. absoluta. Regarding the smallest and
medium farms, this rate ranged from 21 to 19%,
respectively. However, the total mean of rates for all
farms surveyed was 22,5 % (Figure 6).

Figure 6
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*The rates followed by the same letter are not statistically
different at P<5% according to the Student Newman-Keuls test.
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Figure 7
Rates of biological and chemical plant protection products
used to control T. absoluta *
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*The rates followed by the same letter are not statistically
different at P<5% according to the Student Newman-Keuls test.

Figure 7 shows the strength of IPM programs
implemented after the invasion of T. absoluta. The
largest farms invested more than two other classes of
farms in biological PPP’s to control this new invasive pest,
and 87% of the total budget dedicated to purchase PPP’s
to control T. absoluta was biological (mainly B.
thuringiensis and N. tenuis). In fact, the mean of total
rates of biological and chemical PPP's was 70% and
30%, respectively.

What we should learn from invasive pests?

At the level of the farmer/technician, the experience of
implementing the basic IPM system is acquired and good
field experience is gained in biocontrol. This was the
main benefit of the introduction of TYLCV infested
Bemisia tabaci, followed by the new invasive pest (T.
absoluta) had no great impact in the Souss valley of
Morocco.

At the level of institutions and decision-makers,
regulation was further strengthened and alert and
monitoring systems were improved.

To deal with further invasion like Drosophila suzukii,
greening disease, Xylella fastidiosa, Rhynchophorus
ferrugineus and Bactrocera invadens a strategic
approach should be established (Figure 8).

Figure 8
Strategic scheme to deal with new invasive pests

Quarantine pest Prevention system Early detection
and disease
alerts
Surveillance and Rapid response Control and
Monitoring Eradication

Quarantine pest and disease alerts

Alert systems should be established internationally and
especially among close neighbors. The alert will save
precious time before and after the invasion of new
invasive species. This time can be used for the
recognition of biology of this new pest and measures for
eradication if necessary. The risk assessment process
can be very useful to categorize the importance of future
candidates as new invasive pests. The ISPM
(International Standards for Phytosanitary Measures)
N°1 produced by the International Plant Protection
Convention describes the general and specific principles
of plant quarantine as related to international trade.

Prevention system

Prevention measures should be emphasized on the basis
that prevention is better than intervention once the pest
has spread. From an ecological view, prevention is the
most appropriate and least damaging for the
environment (fauna and flora). Prevention can be
effective when efforts focus on vigilance tools to
minimize the risk of new invasions of pests and diseases
and/or vectors in borders. However, lack of technical and
human resources makes exhaustive checks at customs
very difficult or impossible. As an example, France has
banned importation of any plant material assumed as a
host of Xylella fastidiosa from Italy and despite this
measure, the disease was detected in Rungis Market
(France) last month (April 2015). The same decision was
made by Morocco but X. fastidiosa was not detected.

We must not forget that the inspection of plant export
material should be done at the national territory before
loading, by the national plant protection organization in
order to avoid the spread of quarantine pests and
diseases to the destination country (ex: Ceratitis capitata
to Russia and USA).

Early detection

The early detection is strongly tightened with
surveillance and monitoring measures. The “ Guidelines
for surveillance” (ISPM N°6) is very helpful when used
for surveillance to detect early any new invasive pest.
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Surveillance and Monitoring

Surveillance is defined as an official process which
collects and records data on pest occurrence or absence,
by survey, monitoring or other procedures (ISPM N°5).
There are 2 types of surveillance: General surveillance
and specific survey. The Guidelines for surveillance
(ISPM N°6) and Guidelines for pest risk analysis (ISPM
N°2) provide details on general surveillance and specific
survey requirements. The monitoring concerns basically
specific surveys. It should be noted that other specific
guidelines can be used for monitoring and surveillance
(ex: trapping) of some quarantine pests like fruit flies
(Anonymous, 2003). Also a review published in EPPO
bulletin in 2012 by Augustin et al., gives an overview of
techniques to be followed for surveillance of quarantine
pests.

Rapid Response

Keeping in mind that 24h is sufficient for incubation of
bacteria and fungi, and 24h is more than enough for a
pest for mating and laying a minimum of eggs. So, even
if the new invasive species was intercepted and good
surveillance is done, the response should be rapid in
order to restore balance as an environmental view and
to limit the spread and heavy damage as an agronomic
and economic view.

Control and eradication

Eradication is defined in the glossary of phytosanitary
terms (ISPM N°5) as any application of phytosanitary
measures to eliminate a pest from an area. The ISPM N°
9 titled Guidelines for Pest Eradication Programs details
the steps and measures to be taken in case of pest
eradication. The full process (including contingency plan)
of control and eradication is implemented and supervised
by National Plant Protection Organization (Office National
de la Sécurité Sanitaire des produits Alimentaires,
ONSSA in Morocco) and when an eradication process is
achieved the verification of the absence of invasive
species should be completed.

It is clear that operation of control and eradication of
new invasive species, once widely established, is
extremely difficult and very costly. That's why
prevention, early detection and rapid response have to
be successful and making eradication cost-effective.

Figure 9
Supporting strategic approach by scientific research,
legislation and awareness

Research

A scientific research finding is helpful in detection (first
reports), to review pest risk analysis (ex: change in pest
virulence, climate change), surveillance and control.
Thus, the prioritization of national research plans needs
to be subject to continuous updating. Regarding a
special case of risk analysis of GMOs, species that can be
considered as exotic species, the data is lacking or the
scientific community has not ruled on the issue of GMOs.
This example is the most illustrating case that only
scientific research can provide answers. The scientific
research gives strong evidence to convince policy
makers, in aspects regarding invasive species, on
budgeting, legislation, prioritization, etc. Applied research
can offer concrete solutions (technological or biological)
to control a new invasive species that has hitherto
seemed intractable.

During the steps of identification, recognition and
preparation for the control eradication process, the
research institutions and scientific journals were the first
source of information. The appendix 2 of ISPM N° 18
describes an example (irradiation treatment) of the
research protocol to undertake trials (preliminary, large
scale).

Legislative framework

According to a definition of ISPM N°5, legislation is any
act, law, regulation, guideline or other administrative
order promulgated by a government. The phytosanitary
legislation is the basic laws granting legal authority to a
national plant protection organization from which
phytosanitary regulations may be drafted.

The legislation is the guardrail guiding key personnel
through the process of prevention, detection,
surveillance and eradication of invasive species. It also
prevents any deviations from the right process.
However, a successful legislative framework needs to be
coherent, comprehensive, easy to apply and fit with the
purpose of invasive species’ issues. Continuous revision
and updating established by legislation is necessary to
go with scientific finding.

Awareness

Raising the awareness level among key personnel is
usually done. However, awareness is very limited among
the general public. The successful strategy of awareness
needs to be based first in raising understanding of the
general public related to invasive species and the actions
to be taken in prevention, detection and eradication. In
fact, the national plant protection organizations establish
their own outreach programs to achieve this goal.
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Conclusion

Reasonable management of a new species’ invasion,
during the entire process including measures before
introduction, is vital to preserve the environment and to
prevent economic losses. However, it should be noted
that invasion is not successful in all cases. In the north of
Morocco, the red palm weevil Rhynchophorus
ferrugineus was detected in 2008 on canary palm
(Phoenix canariensis) and the early detection and rapid
response by ONSSA was successful. Currently, the red
palm weevil is eradicated from Morocco despite the fact
that the threat is still present. Some other examples of
invasion were destined to failure. A native
entomopathogenic  fungus of USA, Zoophthora
phytonomi, has adapted to the invasive alfalfa weevil
Hypera postica and provides good suppression. The
African citrus psyllid Trioza erytreae (Figure 10) is
located in Madeira and Canary Islands but the disease
was not detected until now.

Figure 10
African citrus psyllid direct damage on upper side (left)
and larva on lower side of citrus leaves
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Since its inception, the CIHEAM has trained more than
30,000 people. It provides an original and
complementary education to that offered by national
institutions in member countries. This training is
offered mainly by our four Institutes but also by other
partner organisations located in member countries of
our organisation. The CIHEAM provides both graduate
and specialised training.
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Graduate training: Master of Science (120 ECTS)

The structure of the graduate programs offered by the
CIHEAM is based on the recommendations formulated
in the framework of the Bologna Process. They are
organised in accordance with the ECTS, European
Credit Transfer System. In order to improve the clarity
and transparency of the obtained credits, the CIHEAM
issues a diploma supplement. The CIHEAM currently
offers twenty different MSc courses in the four
following priority areas:

- Food production and quality management.

- Environment and natural resources management.

- Development economics, management and
policies.

- Fisheries and aquaculture.
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