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Abstract

Plague locusts are a major problem in many developing countries. For
the desert locust, control by a preventive strategy proved effective, and led
to a dramatic decrease in outbreak frequency and duration over the last
40y. Principal problems are now of an organizational nature. Natural-risk
management plans for locust outbreaks, associated with new financial
mechanisms, must be implemented in order to ensure early reaction,
efficiency of control and sustainability of the preventive approach. Studies
ofthese outbreaks should be based on the ecological mechanisms considered
to date, but also be broadened to include economic, social, organizational
and cultural mechanisms that have been largely overlooked in the past.
New concepts, such as risk-management systems, stakeholder strategies,
and governance, should be given serious consideration. A new approach to
locust issues is suggested, using techniques derived from sociological and
anthropological sciences.

Key words

desert locust, locust control, preventive control, risk management,
stakeholder strategies

Infroduction

Far into the distant past, for many of the poorest countries of
Africa, thedesertlocust hasbeen a mostserious crop pest (Steedman
1990). Peopleliving in these countries have been terribly hampered
by the damage caused by this insect. Itis a very ancient and regularly
occurring phenomenon. The research undertaken over many years
has resulted in the conception and creation of a preventive control
strategy (FAO 1968, 1972; Hafraoui & McCulloch 1993; Krall et
al. 1997). Regularly applied and improved, this strategy made it
possible from the nineteen sixties, to reduce the frequency and
duration of the invasions (Lecoq 2001, 2003, 2004; Lecoq et al.
1997; Roy 2001; Showler 2001; Skaf et al. 1990). However, these
invasions persist, the mostrecent date being2003-2005. Once more,
although forecast by the experts, it could not be stopped in time.
This latest plague indicates it is now essential to radically change
our way of thinking, perceiving and dealing with the problem, and
to introduce new and innovative approaches to locust issues.

The recent Desert Locust plague

The recent desert locust plague that affected Africa from 2003
to 2005 is the worst that has occurred in the last 15 y (since 1987-
88). Desert locust swarms spread throughout northern Africa and
of course, this situation was extensively covered by the media. In
many places there were spectacular scenes of locusts literally covering

all vegetation over hundreds or thousands of hectares (Fig. 1). Such
swarms, as usual, migrated extensively and over very long distances.
Some even reached the Cape Verde Islands, the Canary Islands and
southern Portugal. In the east, some swarms reached Egypt, Cyprus
and Israel. But of course, the countries of West Africa were most
often affected. Many control operations were required to stop this
plague: ground control treatments as well as aerial treatments using
lightorlarge aircraft (Hercules C130). During the 2004-2005 winter,
cold weather and snow probably also stalled the spread of locust
populations. But the fact that a total of 13 M ha were treated, clearly
had a decisive impact and was essential in stopping the plague.
Furthermore, control operations were successful in preventing a
longer duration invasion and the infestation of larger areas.

The chronology of the plague can be easily assembled from
‘Situation Updates’ published monthly by FAO’s Desert Locust
Information Service (Fig. 2) (FAO 2003-2005). In June 2003, the
locust situation was extremely calm. However, the very exceptional
rains that occurred throughout the Sahelian zone, from east to west,
from Mauritania to Sudan, during the summer of 2003, had a major
impact in this region. These rains were very favorable for desert
locusts. As of August 2003, itbecame very clear something was going
to happen. Unfortunately, survey and preventive control operations
could not be carried out on a suitable scale, because of the lack of
resources. The situation began worsening in October 2003 and the
upsurge gradually developed into a plague. The experts issued the
first warnings in late September. On 23 October FAO made its first
call forinternational emergency assistance for the affected countries.
The lack of advanced emergency planning and of readily available
funding meant that operations to control thelocusts at the beginning
of the initial upsurge could not be effectively undertaken in late
2003.

Then the plague developed. Swarms slowly invaded North Africa,
and from March to June extensive breeding occured in this region.
Large-scale curative control measures were now required, and these
operations were first undertaken in the spring in North Africa. These
wereinsufficientand did notkeep the swarms from invading the Sahel
during the summer of 2004. In May, June and July swarms spread
quickly throughout West Africa and all the Sahelian countries, from
Mauritania to Chad. Inthe Sahel, control operations were conducted
during the summer; they were unfortunately insufficient and North
Africa was—again—invaded in the autumn of 2004. Meantime,
locust control operation costs had skyrocketed, increasing from US$
Imillion in 2003 to US$ 50 to 100 million a year later. This new
invasion led to the infestation of areas that had remained relatively
untouched over the previous 50 y. The plague finally regressed in
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2005 after many control-treatment operations.

How did this situation arise when the desert locust is a well-
known species and the focus of many scientificstudies? The outbreak
areas and ecological conditions that can trigger these outbreaks are
known. An early warning system exists. What is the weak point of
the preventive control system? The problem nowadays, has become
primarily one of organization.

Basic scientific control principles and short history of
preventive control

Basic scientific locust control principles were first outlined by
Boris Uvarov as early as 1937, during an international conference
on natural disasters (Uvarov 1938). The requirements are 2: a good
understanding of the species’ ecology—in order to be able to locate
outbreak areas and carry out preventive control—and international
cooperation, essential, due to the high migration potential of this
locust. Where do we currently stand concerning these 2 requirements?
We can look at the issue from a historical perspective, highlighting
especially how knowledge grew with respect to plagues and how
this knowledge was gradually applied in the organization of locust
control operations.

During previous centuries, within nations, only people living in
outbreak areas knew about the desert locust. On an international
scale, only travellers, missionaries, naturalists, etc., were aware of
it. One of the first scientific reports on the topic was by Hippolyte
Lucas in the mid-19" century (Buj Buj 1995). But it wasn't until
the end of the 19" century that substantial information was pub-
lished by Kunckel d'Herculais (1905), the locust control delegate
in Algeria from 1888 to 1905. He described plagues and control
operations in an enormous 3-volume document, 40 cm thick and
weighing 10 kg. At that time, the phase polymorphism theory had
not yet been developed and only the gregarious phase was known.
Kunckel d'Herculais provided a first explanation of the evolution of
colors in gregarious desert locusts: red for immature adults, yellow
for mature adults. And even at this very early time, based on color
indicating possible swarm origins, he attempted the first preven-
tive-control applications.

During the firsthalfof the 20™ century, there was arapid increase in
knowledge following Uvarov’s discovery of the phase polymorphism
phenomenon. During the 1930s, the main outbreak areas—still
unknown—were sought. Through thelate 1930s, the outbreak areas

Fig. 1. Desert locust swarms during the recent invasion. A. Morocco. B. Senegal (photos. T. Ben Halima, FAO).

-

were generally outlined for the Desert Locust and the other main
locust species. Uvarov then pointed out that it was essential to de-
velop a new strategy for controlling populations in outbreak areas.
This was actually a prevention strategy (Lecoq 2001). After World
War II, new national and regional locust-control agencies were set
up in or near the affected areas. Of these institutions for West Africa
we should mention especially, OCLALAV, the Joint Anti-Locust and
Anti-Aviarian Organization—since the current plague originated in
this area. For a long time, until the mid 1980s, this organization
was a mainstay for preventive Desert Locust control and a source
of technical innovation. And there were many innovations in the
1950s. There was spectacular progress: control operations were more
efficient after the development of barrier treatments, ULV applica-
tions and the use of new residual pesticides (Roy 2001).

Finally, as of the 1960s, a prevention strategy was developed.
This strategy was recommended by FAO and applied by national
and regional locust control units (FAO 1968, 1972). This strat-
egy—simple, at least in principle—requires monitoring ecological
conditions and locust populationsin outbreakareas, and conducting
preventive treatments against the first gregarious locusts.

Of course, since that time the outbreak areas, the focus of pre-
ventive control, are even better known. We now understand the
spatio-temporal pattern of the functioning of the Desert Locust
outbreak areas. Their limits have gradually been determined. They
are scattered over a huge area covering 2 continents, and in most
cases, located in remote and uninhabited regions. The time course
isdifficultto forecast. These outbreak areas are 'activated' by rainfall,
which is extremely erraticand unpredictable across the main part of
the desert locust distribution area. However, satellite images (from
SPOT-VEGETATION or TERRA-MODIS) are used more and more
to place the presence of suitable vegetation for the desert locust,
in order to help the field survey teams plan survey routes (Ceccato
2005). Furthermore, recent results show it will be possible in the
near future to improve the prediction of seasonal meteorological
conditions (Barston et al. 2005). Obviously our knowledge of
monitoring and surveying will continue to grow. But much of the
essential scientific information establishing a preventive strategy
has been known since the early 1960s.

To a similar extent, along with our scientific knowledge, inter-
national cooperation developed. It began in the 1920s with the
firstinternational conference on locust control, held in Rome under
the aegis of the International Institute of Agriculture, and with the
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signing of the International Convention for Locust Control. Uvarov,
Zolotarevsky, and Vayssiére played important roles (Buj Buj 1995)
in this. Such cooperation became truly established in the 1950s, just
after the founding of FAO—the Food and Agriculture Organization
of the United Nations.

The main outlines the of current organization have been laid
down since the 1960s: the National locust control units, the FAO
Control Committee (the famous DLCCsetup in 1954, which brings
together all affected countries and coordinates international activi-
ties concerning desert locusts), the FAO Locust Group (including
its survey and forecasting service), the Regional FAO commissions
for Western, Central and Southeast Asian regions, responsible for
ensuring essential regional coordination. And all of this works.

Thanks to both research efforts and the growth of international
cooperation, the prevention strategy has been regularly applied and
improved, resulting, from the 1960s to the present, in a remarkable
reduction of plague frequency and duration. This reduction specifi-
cally coincided with the establishment of a new preventive control
strategy and the introduction of more effective control resources
and operations. Thisspectacular reduction of the problem, involved
not just the desert locust but other locust species with completely
different ecological requirements: for example, the migratory locust
in Madagascar and the red locust in Central and Southern Africa
(Fig. 3).

The use of simple population dynamics models shows that pre-
ventive control is efficient and can reduce plague frequency and
duration, as observed in the field (Aouizerate et al. 2005). It's also
possible to show that, after reaching a certain level of control, the
locust population will by itself—and for noncontrol reasons—go
back into the solitary phase. This is an important point as it shows
that efforts to reduce or prevent invasions are really possible.

The year 1960 was a turning point in the situation. Plagues that
had occurred since the 1940s and 50s had not been—temporally
or spatially—as overwhelming as those of the past, because of the
efficiency of control operations. The continuity of the research efforts
and the continuous development of international cooperation had
led to spectacular progress in controlling the locust problem. The
main achievements were the discovery of the phase polymorphism
phenomenon, thelocalization of outbreak areas, the determination
of the ecological conditions that facilitate the transformation from
solitary to gregarious phase, and finally, the creation of preven-
tive control organizations. As a result, invasions became rare and
brief.

Butthereremained a problem. Why were some plagues unavoid-
able? The problem, once manifest, could be overcome, but only
after much expense, energy and the introduction of many liters
of pesticides into the environment—all of which could have been
avoided. Why, with all of this successful research, do locust plagues
still occur? The answer is really quite simple: organization.

Lessons learned from the recent plagues

But first, is our knowledge base sufficient and what research
should be undertaken? Researchers, of course, always have a broad
range of research possibilities. In practical terms, I believe that
research should be focused on the 3 key aspects of prevention.
First, a better understanding of the functioning of outbreak areas
(better determination of their boundaries and more thorough
characterization; dynamics of the solitary phase and the first steps
of the gregarisation process). Second, improved early detection
of favorable ecological conditions in outbreak areas and, third ,

the development of alternative control methods (mycopesticides,
pheromones), while taking into account that these methods should
enable quick interventions, rapid action being critically necessary
for efficient prevention.

But this research—which one would classify in general as eco-
logical research—is no longer the key limiting factor with respect
to plague control. For a long time it was thought that increasing
ecological knowledge would enhance control efficiency. It was pos-
sible to read that “the rate of improvement will be determined by
therateatwhichrelevantresearch findings are communicated”. And
thisiswhatactually happened regularly throughout the 20" century.
But this is no longer the case, or at least it is no longer sufficient.

Enhancing ecological knowledge is no longer the only factor
to consider for plague control. Now we have knowledge and good
international organization. And despite this, we saw the recent
plague developing but were unable to stop it at an early stage.
Why? Because, for Desert Locust, the key problems are elsewhere.
The current limiting factors are mainly organizational in nature. To
clarify our understanding, let’s look at the lessons learned from the
last 2 plagues: 1987-1988 and 2003-2005.

1987-1989 plague.—The main lesson to be derived from the
1987- 89 plague is that after 25 y of recession, it was revitalized
due to a weakening of preventive control, especially in Sahelian
countries—Mauritania, Mali, Niger, Chad—key countries that host
many outbreak areas (Gruys 1994, Joffe 1995, US Congress 1990).
Followingthis plague, and based on thislesson, measures were taken
to strengthen the early warning and reaction capacities of concerned
countries. FAO’s EMPRES programme was thus launched in 1994
(FA0 1994). It was applied in the central region, in countries on the
edge of the Red Sea, in 1997. Then the EMPRES Programme was
extended to the western region, Sahelian Africa and North Africa in
2001 (Martinietal. 1998). But adequate funding was not obtained.
At that time, only US$8 million was collected for a 4-y preventive-
control programme. During a meeting of donors in Paris (Ministry
of Foreign Affairs) in the summer of 2003, it was noted that most
countries of thewestern region did not utilize an efficient monitoring
and prevention system, despite the fact that such a system was avail-
able. It was also noted that most Sahelian countries were generally
unable to deal with any desert locust upsurge. And consequently,
that in the instance of an upsurge, substantial funding would be
required from the international community. So, inevitably, 2 mo
later, the first signs of a worsening of the situation appeared, and
steadily degenerated into a plague.

2003-2005 plague.—Thelessons learned from the 2003-2005 plague
are very similar. The main reason for control failure remained the
weakness of the preventive control system in the western region (due
toalackoffundingfor EMPRES). Considering that the central region
was the main source area for desert locust plagues in the past, this
invasion, starting from the western region, was unusual enough,but
not unique, to take many specialists by surprise. Their surprise is an
excellent indication that we need more information on the biology,
ecology and population dynamics of the desert locust. And, almost
as significantly, control failure arose from the absence of emergency
planning, which hampered rapid control organization at the onset
of the locust upsurge, together with the very slow mobilization of
the international community of donors.

Regarding mobilization we have to remember that the experts first
issued warnings in September 2003; the first appeal for emergency
assistance was in October 2003; most assistance was only promised
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Fig. 2. Development of the 2003-2005 Desert Locust invasion (source: FAO, Desert Locust Information Service).
Red square: immature swarms. Blue triangle (up): mature swarms. Blue triangle (down): laying swarms. Black spot: hopper bands. Ar-

rows: probable direction of swarms (for more detailed legends, see FAO Desert Locust Bulletins).
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Fig. 2. continued.
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Fig. 3. Plague frequency and duration for the 3 main African locust spe-
cies: desert locust, Malagasy migratory locust and red locust (modified
from Waloff, 1976).

The year 1960 was a turning point. During recent years, better efficacy in
locust control operations reduced sharply the frequency and duration of
plagues. This phenomenon is evident in 3 different species with disparate
biological composition, that live in different environments and geographi-
cal areas. Before 1960, the differences between species in relation to the
frequency and duration of invasions, was the result of their more or less
pronounced tendency to gregarize. The gregarization threshold is estimated
to be 500 adults/hectare for the desert locust, 2000 adults/hectare for the
migratory locust and 5000 adults/hectare for the red locust (Franc et al.,
2005). Therefore, the desert locust gregarizes more frequently and its in-
vasions, in the absence of control, are also more frequent. On the other
hand, the red locust gregarizes, but not so easily, and its invasions are not
so frequent. The situation is intermediary for the migratory locust. Some
other phenomena may play a role: e.g., changes in land use may affect
outbreaks, which explains the absence of invasions from the African migra-
tory locust since the last large plague of 1928-1934 which affected much
of Africa South of the Sahara.

for the beginning of the summer of 2004, or even late 2004, and
only part of the funds could be used in 2005, 1Y years after the
first warning. Clearly, the problem of controlling this pest is no
longer just a matter of science and technique—as was the case for
decades.

The recent plague—Ilike the previous one—was the result of
major malfunctioning of the desert locust preventive control strat-
egy, and it is clear that current problems in the management of
this natural risk are mainly organizational. These organizational
issues must be given priority, otherwise the research findings will
be wasted. Succinctly: the locust is no longer the real problem, humans
are the real problem. Every time there has been an outbreak over the
last 50 y, the main problem has been human organization: funds
not available in time, control units too weak, emergency planning

lacking, disorganized donors addressing the problem ineffectively,
insufficient communication/information at various levels, political
considerations supplanting technical aspects, divergences of opinion
on the control strategy or on the pesticides to be used, etc. Only
rarely has lack of knowledge been a cause. This doesn’t mean that
ecological research is now useless. But, it does mean that such sci-
entific research must be supplemented with research in alternative
and less traditional fields.

Key long-term measures to be taken?

Toward a risk management system.—What key long-term measures
should be taken? First, a standard measure: strengthen national
locust-control units. These national units are the basis of the early
warning system. They are responsible for constantly monitoring
outbreak areas and conducting preventive control treatments.
Strengthening has not been possible previously because of a lack
of support funds. The situation is now better—thanks to recent
increases in donor funds. It's easy to strengthen these units: it's
just a question of money. But increased money in itself will not be
sufficient and is not the critical solution to the problem.

In most cases, we are dealing with very poor developing coun-
tries. Experience has shown that efficient structures are too heavy
and costly to be sustainable over the long term. Such structures do
notsurvive through longrecession periods and end up deteriorating
and becoming inefficient (Lockwood et al. 2001). In fact, flexibility
is a key to the sustainability of any effective international control
organization. Butit's very hard to meet this organizational flexibility
challenge. For this it is essential to consider the locust problem not
solely in terms of crop protection. It is a much more far-reaching
issue. The desert locust, like other locusts, is a natural hazard with
many effects: agricultural, economic, social, environmental and
political. It should be considered broadly as a risk threatening not
only farmers, but many others, one able to generate crisis situa-
tions.

An effective locust risk-management plan mustbe developed to
deal with this problem. This risk management plan should be devel-
oped at different levels—international, regional and national—and
include several warning levels, with a specific arrangement for each
warning level in order to forestall crises before they worsen. This
type of instrument could provide a suitable degree of flexibility
and reaction potential. But it will only work if funding is readily
available to deal with locust situations and if the needs are clearly
known in advance. Itwould require the creation of an international
contingency fund (Lecoq 2004).

Risk management system

. . Socio-economic,
Biological and ’

" organizational
ecological
) and cultural
mechanisms .
mechanisms

Fig. 4. Mechanisms to be taken into account in setting up a risk-
management system to control desert locust in the long term.
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Finally, a new governance strategy, involving all stakeholders,
countries and donors, would be required to ensure that this system
will function properly in the long term. A traditional development
aid system, whereby countries are left to manage their problems
after they have received aid, just would not work in dealing with the
desert locust problem. The donors are also stakeholders, whether
they want to be or not. They are involved when a crisis arises. They
should be involved as co-managers so as to be able to act more
efficiently and cost-effectively when there is a threat.

Understanding better the role of locust-control stakeholders

More generally, focus should be placed on another key point
recently noted: the many stakeholders involved in desert locust con-
trol. They include local citizens, locust control units, governments
and local administrations, international organizations, donors,
scientists, NGOs, private companies and the media. And there are
many stakeholdersidentifiable within each of these categories, each
playing animportantrole. Local people, herders, farmers, scientists,
representatives of international institutions, and even local witch
doctors, trying to fight locusts using magic powers: all of these
stakeholders play important roles. It is clear that the rationales and
strategies of these diverse stakeholders can differ markedly, converge
or diverge, and thus enhance or hamper efficient locust control.

A few examples: what is the interest of affected countries? Is it
to conduct early operations to benefit inhabitants, or to start work-
ing later when 100-fold more funds can be obtained from donors
to deal with a major outbreak? What are the donors’ intervention
criteria at the beginning of an upsurge? Are they rational and techni-
cal, or just political, as when the leaders of affected countries start
shouting and when donors can get a better media impact? Why
is international funding so slow in coming? Is it just a question
of ill-adapted funding mechanisms, or are there other underlying
reasons? Many things are said better left unsaid; some things that
should be said are not.

[twould improve things to be aware of the many different opera-
torsinvolved in locust control, and to understand their expectations,
rationales and operational strategies. The lack of recognition and
understanding concerning the many different stakeholders involved
in desert locust management, and their operational rationales, is a
critical shortcoming. It can also be considered a major cause of the
malfunctioning oflocust management and is detrimental to control
efficacy. This stakeholder strategy concept is the focus of research for
optimizing processes in different fields (Crozier & Friedberg 1977).
It could be profitably applied to locust control, as well as strategic
environmental management analysis (Mermet et al. 2005), whose
framework could be instrumental in overcoming widespread con-
tradictions, confusions or misconceptions in fields that are crucial
for the sustainable development of desert locust management.

Conclusion
Old and new locust control concepts: a new paradigm

Finally, desert locust problems should clearly be approached
in the future by thinking in terms of 1) a risk-management system
for a natural disaster, 2) still considering standard biological and
ecological mechanismsasin the past, while 3) integrating studies on
socioeconomic, organizational and cultural mechanisms that were
generally overlooked in the past (Doré, 2005; Fig. 4). I believe that
such an approach will be one of the keys to ensuring the sustainability

of the locust management system.

Even during the last few months this point of view has evolved.
We now observe new concepts gradually being introduced in locust
control. The old locust control concepts are based on “phases”,
“outbreak areas”, “ecological conditions”, “crop protection”,
“preventive control”, “emergency planning”, etc. New concepts are
being introduced, involving “natural risk management systems”,
“stakeholder strategies”, “governance”, “regional public assets”,
“strategic analysis”, etc. We consider that these new concepts
highlight the recent development of what could be called a truly
new locust-control paradigm. The old paradigm was focused on
the locust and its ecology, studied with the aim of gaining insight.
The new paradigm is more focused on humans and the interactions
between them and locusts. The focus of locust control studies, if
a sustainable solution is to be found, should not simply be the
locust, but also humanity, its real motives, competing interests and
organization strategies. This is surely a new avenue of research, at
the interface of ecology and human science, that must be integrated
with more traditional ecological research. We have to turn to an
anthropological approach to locust issues.
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