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Foreword

Widespread outbreaks of gasshoppers, then plagues of locusts, occurred in some parts of
Africa from 1985 through 1989. Donors, including the United States, mobilized sizable
amounts of foreign aid for disaster assistance. Congress played a role throughout the insect
upsurges, appropriating special funds for disaster assistance.

Congress also had broader concerns regarding a number of environmental problems
throughout Africathat seemed related to the locust and grasshopper situation. The Senate
Q\dpé)ropriati ons Committee and its Subcommittee on Foreign Operations requested that OTA

ress a number of questions re?ardin ow U.S. foreign aid dollars were spent during the
recent plague: Was insect control timely and effective? What were the impacts on donors
long-term development efforts? What should the United States do when the problem recurs?

Thisis OTA’s fifth report on U.S. foreign aid and African agriculture and our most detailed
look at one specific problem. Here, we provide background on the unusual nature of
grasshopper and locust problems, examine tPe implications this has for the way problems are
treated, then consider how U.S. contributions to the bilateral and multilateral control effort
might be improved. We identify two areas of technology-integrated pest management and
insect, weather, and vegetation monitoring-that could have important impacts. We include
specific ways in which Congress could ensure that such improvements are made.

Like all OTA studies, this specia report draws on many people's expertise. We appreciate
the efforts of our workshop participants, the people who responded to our survey, and those
who reviewed the two draft reports. In particular, our thanks go to staff at the Umted Nations
Food and Agriculture Organization (FAO) and the U.S. Agency for International
Development (USAID). OTA, USAID, and FAO'S analyses and policy su Igrestions
sometimes differ. But we at OTA are grateful for the assistance these other grouns Provided
and the thoroughness with which they reviewed our early work.

Director
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OTA dedicates this report to the memory of S.M. Moobola, Director, International Red
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THE BASICS

Several major species of locusts as well as sig-
nificant popul ations of various grasshoppers
threatenedAfrican simultaneously in the 1980s for
the first time in 50 years. This infestation began in
1985 and 1986 after rains ended a severe, several-
year drought and new, %reen vegetation allowed
these pest species to proliferate. Several grasshop-
{)er species im the West African reached
evels high enough to result in large-scale control
efforts. Also, a mgjor plague ofLesert Locusts
began in countries around the Red Sea, with
swarms moving west across the Sahelian countries.
By November, 1988, swarms of the Desert Locust
extended from Mauritania and Senegal in the west
to Irag, Iran, and Kuwait in the east and some
fragments of swarms reached the Caribbean.

The recent plagie caught African nations and
donors unpreparedbecause the infrastructure to
fight these insects had deteriorated in the decades
since the last mgjor problem. For donors such as
the U.S. Agency for International Development,
these insect problems caused shifts in funds,
operations, and programs to cope with the ap-
parent emergency. The Desert Locust plague
ended in 1989 despite predictions that it would
continue for several years But longer term issues
remain (see box A). rts differ widely in their
assessment of the significance of grasshopper and
locust outbreaks refative to other pest problems
and national level crop damage they cause; the
information base on which control decisions were
made is deficient; no sound technological alterna
tives exist for chemica pesticides; and education
and training for the next generation of experts
seems inadequate.

Locusts and Grasshoppers

Some200 grasshopper and locust species, with
different fOOc%rpre_fere%ecas and geogriphic dis-
tribution, are agricultural pests in Arrica. A
smaller number cause the mgjority of concern,
including the Desert Locust and Senegalese
Grasshopper (ee fi?ure 1). Different species can
invade virtudl y all of the continent, as well as
affect the Near East and Southwest Asia. Locust
and grasshopper species, with varied biological
characteristics, cause recurrent problems. Locust
upsurges are usually attributable to one species in

a given area and they occur episodically.
Grasshopper infestations often involve a number
of different species and cause agricultural damage
eacgbyl/ear The Sahelian region is particularly vul-
nerable.

Locusts and some grassheppers become a
serious problem when they breelrapi dlg, become
heavily concentrated, and undergo a biological
transformation to the gregarious hase. Each in-
sect in a gregarious group (a bam of young hop-
pers or a swarm of adults) can eat up to its own
weight per day and swarms may contain millions of
insects and migrate up to 1,000 km in a week. A
plague occurs when many gregarious bands and
swarms occur over alarge areain different regions.

Damage to crops and the other vegetation is
not evenly distributed but often localized, like
damage from a tornado, even during a plague. The
reasons for the start of an upsurge of locusts or
aggregating grasshoppers are relatively well-
known-bountiful rainfall and the availability of
new vegetation—athough the inability to forecast
weather precludes accurate prediction of insect
build-up The reasons for plagues’ declines are less
Clear. ifically, the importance of control in
declines is hotly debated.

Organizations Involved in Controlling
Locusts and Grasshoppers

The U.N. Food and Agriculture Organization
(FAQ)has coordinated international locust con-
trol efforts since the 1950s, important because
locust swarms mgrate across national boundaries.
African national crop protection services and
regional organizations supplanted the English and
French colonial locust control organizations in the
1960s. Three semiautonomous regional organiza-
tions (OCLALAV for West Africa, the Desert
Locust Control Organization for East Africa, and
the International led Locust Control Organiza-
tion for Central and Southern Africi) conduct
survey and control efforts in most of stb-Saharan
Africa, where national crop protection services are
less well-developed than elsewhere. Three
regionad FAO commissions in Northwest Africa,
the Near East, and Southwest Asia, cover areas
where control is handled primarily by the national
crop protection agencies; th?rcoordi nate surveys,
control, training, and research.

3
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Figure I-Distribution of Two Major Species of Locust and Aggregating Grasshoppers in

Africa and the Middle East
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SOURCE: TAMS Consultants. Inc. and Consortium for International Crop Protection, Locust and Grasshopper Control in
AfricalAsia: A Programmatic Environmental Assessment, Main Report, contractor report prepared for the U.S. Agency for

International Development, March 1989, pp. C-7, C-19.

The African national crop protection services,
usually under the Ministry of Agriculture, are the
major national organizations responsible for
grasshopper control and they take over when

roblems exceed the capacity of individual
armers. They carried out ground spraying in the
recent campaigns, sometimes assisted by farmer
groups. Aerial spraying, often executed under
regional or donor auspices in the Sahel but by
national agencies in the Maghreb, was used for
more extensive or remote infestations.

Donors contributed some $275 million from
1986 through mid-1989 to locust and grasshopper
control; mainly in Northwest Africa and the Sahel.
The United Statesgave $59 million, about 20 per-
cent of the donor unds (tables 1 and 2). U.S. aid
provides assistance primarily through the U.S.
Agency for International Development (USAID).
The Office of Foreign Disaster Assistance is

responsible for short-term aid (3 to 6 months)
whale regional bureaus and the Bureau for Science

and Teclnology provide longer term aid.

As aresult of donor and African countries
efforts, approximately 4.6 million ha of land in 10
Sahelian and West African countries received
aerial or ground insecticide treatments in 1986 and
1987, mostly against grasshoppers. In 1988,10 mil-
lion ha were sprayed in Northwest and West
Africa, mostly ag?ai nst Desert Locusts and ap-
proximat;fS million liters of insecticides were
used, mostlyin Nor
about $100 million.

thwest Africa, at a total cost of

Controlling Grasshoppers and Locusts

Most traditional methods have been replaced
by the use of chemical insecticides, at least in
official programs. The most effective traditional
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Table I-Donor Assistance to Locust and Grasshopper Control

(U.S. dollarg/calendar year)

Programs, 1986-89

Donors 1986 1987° 1988 1989 Total
(Jan.-May)
Bilateral donors:

Algeria 50,000 146,882 180,000 0 376,882
Australia 0 0 205,000 0 205,000
Austria 0 0 29,041 0 29,041
Belgium 130,000 266,714 500,000 1,300,000 2,1%,714
Canada 3,014,500 2,802,233 2,243,000 343,000 8,402,738
China 500,000 40,000 120,000 660,000
Denmark 692,500 635,369 2,813,068 2,400,000 6,540,937
Finland 400,000 0 208,455 75,000 683,455
France 1,792,537 3,491,738 6,030,127 3,150,000 14,464,402
Germany (FR) 3,025,887 6,209,031 11,992,000 14,250,000 35,476,918
Greece 50,000 0 160,000 0 210,000
Indonesia 0 10,000 25,000 0 35,000
Iran 0 0 7,500 0 7,500
Israel 0 0 0
Italy 2,659,000 2,471,380 2,994,675 1,000,000 9,125,061
Japan 1,288,000 4,100,368 13,620,000 19,008,368
Kuwait 0 0 1,000,000 0 1,000,000
Libya 0 0 1,212,000 0 1,212,000
Luxembourg 0 140,000 244,000 0 384,000
Morocco 20,000 0 320,000 0 340,000
Netherlands 2,350,000 1,850,000 6,592,347 0 10,792,347
Nigeria 0 0 400,000 0 400,000
Norway 3,127,000 1,500,000 1,615,000 2,000,000 8,242,000
Portugal 0 0 606,000 0 606,000
Qatar 0 0 12,000 0 12,000
Saudi Arabia 0 0 2,860,000 0 2,860,000
Spain 62,511 0 2,440,000 0 2,502,511
Sweden 1,185,929 0 2,599,386 0 3,785,315
Switzerland 403,000 92,790 944,268 338,000 1,778,058
Thailand 11,000 0 0 0 11,000
Tunisia 0 0 90,000 0 90,000
Turkey 0 0 500,000 0 500,000
United Kingdom 1,909,183 987,687 5,800,000 207,000 8,903,870
USAID 9,1%,245 6,983,332 21,599,859 12,000,000 49,779,436
USSR 0 1,376,000 0 1,376,000
Yugoslavia 64,000 0 0 0 64,000

Subtotal bilateral donors 31,931,292 217,587,167 81,739,094 50,803,000 192,060,553
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Table |-Donor Assistance to Locust and Grasshopper Control Programs, 1986-89-Continued
(U.S. dollars/calendar year) Continued

Donors 1986 1987° 1988 1989 Total
(Jan.-May)

Multilateral donors:

African Development Bank 165,000 0 200,000 6,019,730 6,384,730
Banque Africaine de
Developpement Africain (BADEA) 750,000 0 0 0 750,000
European Economic
Community (EEC) 10,739,981 2,348,674 9,600,143 400,000 23,088,798
Islamic Development Bank 0 0 14,400,000 2,044,000 16,444,000
Organization of African
Unity (OAU) 0 321,430 300,000 0 621,430
Organization of Petroleum
Exporting Countries (OPEC) 300,000 0 39,000 0 339,000
UN Children’s Fund (UNICEF) 86,000 10,000° 0 %,000
UN Development Program
(UNDP) 1,839,000 54,000° 2,926,332 0 4819332
UN Environment Program
(UNEP) 0 0 48,405 0 48,405
UN Food and Agriculture
Organization (FAO) 2,601,000 20,000 4,700,000 610,000 7,931,000
UN World Food Program (WFP) 18,000 0 0 0 18,000
UN World Health Organization
(wHo) 4,480 0 0 0 4,480
Subtotal multilateral donors 16,503,461 2,744,104 32,223,880 9,073,730 60,545,175
Non-Governmental Organizations 1,211,460 133,000° 1,111,000 0 2,455,460
Total 30 876.7
+ 20,000,000 +20,000,000
30464271 225 . -
USAID as percent of total 18.5% 22.9% 18.7% 20.0% 19.5%
NOTES:

“Amount unknown (1987). ) o .

s O acistancets . OP 1O B YT { Couariea tries

Includes onty assistance from section aid to Gambia. . . , o

An additional $20 million was given by donors for programs in Northwest African countries, Sudan, Ethiopia, and Yemen (Jeremy Roffey,
Emergency Center for Locust Operations, FAO, personal communication, June 26, 1989).

SOURCES:
Column 1: Jeremy Roffey, “1986 Funding Chart for Grasshopper and Locust campaigns in Africa’ (Emergency Centre for Locust
Operations, U.N. Food and Agriculture Organization, Rome, December 1986?1. ) o
Column 2: U.N. Food and Agriculture Organization, “ Report of the Meeting on the Evaluation of the 1987 Grasshopper Campaign in the
Sahel, Annex V ‘SEmergency Centre fOr Locust Operations, Rome, December 19€7).
Columns 3 and 4. U.N. Food and Agriculture Organization, “ Assistance Provided toCountries and Regonal Or glimations,” Report of
the Thirtieth Session of the FAOIesert Locust Control Committee, AGP:DL.CC/89/4, Rome, Italy, Sine 12-1%1989.
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Table 2-U.S. Assistance to Locust/Grasshopper Programs, Fiscal Years 1986-89

country 1986 1987 __ 1988 1989 Dollars
Sahel and West Africa
Burkina Faso $268,800 $5&,&2 0 0 $860,532
Cameroon 200.000 0 400,000
Cape Verde ‘0 ‘0 75,000 25,(X)8 100,000
Chad _ 990,841 1254211 1,3052' 73 0 355,782
e bi R AT O T <
uinea Bissau ) ) 4
VE I 1,287,080 1,012,433 1,775,110 200,000 4,274,623
Mauritania 154,000 227,500 1,446,964 866,256 2,694,720
Niger 61,000 337,386 1,199,647 317,000 1,915,033
Sénéegal _ 1,657,349 1,923,752 245,892 3,362,320 7,189,313
Sahd Regional 244,000 0 0 0 244,000
East and Southern Africa
Botswana 1,183,587 0 0 0 1,183 587
Ethiopia 75,000 380,516 407,820 13,800 877,136
Sudan 1,024,948 600,000 662,415 173,713 2,461,076
Tanzania 50,000 0 0 0 0,000
Zare 10,860 0 0 0 10,860
Zambia _ 100,000 0 0 0 100,000
East Africa Regional 0 0 0 0
Northern Africaand S.W. Asia
Algeria 0 0 1,070,032 18,866 1,088,898
Jordan 0 0 152,600 152,600
Morocco 0 0 5,295,71! 10,308,974 15,985,203
Pakistan 0 0 0 2,000,000 2,000,000
Tunisia 0 0 1,361,447 1,410,535 2,111,982
Yemen . 0 135,598 0 0 135,598
African Regiond 75347 0 5,578,414 4,123,938 9,777,749
Total dollars $7,446,812 $7548,346  $20,424,184  $22,998,052 $58,797,910
Amount of total granted to FAbO 4,084,587 358,000 2,465,000 1,508,910 8,416,497
Amount of total, OFDA funds™* 7,171,012 6,384,059 9,643,950 5,585,652 28,784,673

OTES: L. . . .

%j%ssistance to Gambia in 1988 and some in 1989 included in amount for Sengfal. _
U'S. assistance consists ofOFDA funds, USAID mission funds, Africa or Asia/Near East Bureau regional funds, and some local currency. In
FY 1988, OFDA contributed $9,643,950, the missions $4,840,600, the regional fm&ams $6,689,656, and local currency $2,350,464, fora grand
total of $23,524,670. In FY 1989, Q?Awngbutm $55t85f6%|‘:t8?6\ r]glssa)ns $d5, 7,400dth_e reg]|c onal ﬁrograms $1,5 Eié)é)g and local currency

1,850,343, for a grand total of $24, 95, - ercent o unaing decreased signiticantly In 1988 and .
Cﬁn?ormaﬂon iffdhis Tine f‘roﬁ%b%n Gelb, 198 ,%aow. g g y
SOURCES:
1986-John Gelb, Office of Foreign Disaster Assistance, AID, “USG Contributions to Locust/Grasshopper Threat in Africa- FY 1986 as
of September 30, 1986,” nd. ]
1987-Office of Foreign DisasterAssist, ce, “Insect Infestation,”” OFDA Annual Report Fiscal Year 1987 (Washington, DC: USAID, 19
ggs-orﬁleg of Foreign Disaster Assistance, “Insect Infestation,” OFDA Annual Report Fiscal Year 1988 fdraft) (Washington, O¢8
AID, .
1989-John Gelb, ffice of Forei nﬁzisaster Assistance, “U.S..A.LD.Support, Desert Locust Task Force, FY 1987-89,” dated July 22-23,
1989. Due to the decline o the locust problem in early 1989, some of the funds allocated have been reprogrammed for other crop
protection activities.



Executive Summary « 9

method consists of driving hoppers into trenches
and then burning, drowning, or crushing them.
Arsenic was thetrst chemical used against these
pests. Ground and then aerial spra;llai;g of persist-
ent organochlorines (dieldrin and BHC) became
the preferred control method in the 1950s. But
dieldrin was banned, first in the United States and
then Europe, in the late 1970s because of its en-
vironmental and health hazards. Fenitrothion and
mal athion were the major chemicals used in the
recent campaign.

WHAT IS THE PROBLEM?

Most people, and many locust experts, view
the recent upsurges of locusts and grasshoppers as
a disaster threatening Africa's aready precarious
food security. Swarms put political pressure on
national leaders and donors to mount aggressive,
chemical control. National government and donor
policies are based on the assumptions that locusts
are a serious problem, that pesticides are the way
to control them, and that control programs benefit
low-resource farmers and herders substantially.
Others disagreewith these assureptions; OTA also
finds theassumptionsquestionab k. Experts differ
over:

. the insects’ impact on food production and
whether they cause famine;

. the effectiveness and cost-efficiency of
control programs based exclusively on
chemical "insecficides;

- insecticides’ impacts on human health and
safety and the environment; and

. how control should be organized and which
strategies should be pursued.

Locusts and grasshoppers are relatively minor
ests even duringupsurges in terms of overal crop
osses, although localized damage maybe devastat-
ing for short periods. Economic losses depend on
which plants are affected and their age so damage
is unevenly distributed among commercia and
subsistence farmers and herders. The link between
famine or food shortages and locusts and
grasshoppers is questionable. Locusts and
grasshoppers can harm national agricultural
production if they devastate areas crucia to a
nation’s economy (as in 1954 when Desert Locusts

destroyed citrus trees in Morocco's Seuss Valley).
This type of damge did not occur in the recent
plague, however. Damage was less than drought
would produce, and losses were localized, with the
aggregate level ofpreduction in 1986 in the nine
countries most affected by grass(l;roﬂppers down
only about 1.0 percent in weight ard1.5 percent
in value, according to FAO and USAID estimates.

The Effectiveness of Control

The efficacy, efficiency, and equitability of
locust and grasshopper control programs are un-
documented.” WHhile Insecticides can protect stand-
ing crops, their ability to end or prevertt;plagues is
not clear. Nor have the economic benefits of crop
protection been demonstrated. Experts views on
reasons for the decline of plagues range from “en-
tirely due to weather” to‘control programs were
the mgjor factors curtailing thepague.” Key data
for resolving these differences d opinion are lack-
ing. It seems that, in some places, at certain times,
properly administered control can help interrupt
the sequence of events that could contribute to an
upsurge’s spread. While climate is the dominant
factor, it seems that chemical control canpay an
important role, at least on the national scale.

Various insecticides have different relative ef-
fectiveness based on ingredients and formulations.
A number were used in the recent campai gns,
often in ways that reduced or negated their eftec-
tiveness, e.g., when temperatures and wind speeds
were beyond recommended ranges, after insects
had laid eggs, or when some areas were unneces-
sarily resprayed. Chlorinated hydrocdrbons—
dieldrin, lindane, and BHC-were e iminated from
U.S.-supported efforts after USAID was sued b
environmental groups in 1975. FAO, however, ad-
vocates continued use of dieldrin, claiming it is
effective, cost-effective, and not harmful. Some
European donors still supply lindane. All three
were used in the most recent African locust and
grasshopper canpaign, althoug in small amounts,
and unused stocks remain. The insecticides with
USAID’s qualified approval for use against
Frasshoppers and locusts changes over time. That
ist is not totally congruent with insecticides
registered for use against %rasshs ers and locusts
in the United States by the U.S. Environmental
Protection Agency (EPA). Reliable field measure-
ments of spraying’s impact on insects and nontar-
get organisms have not been made.
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The recent control efforts were plagued by
problems. Opportunities to spray hopper bands,
when the insects were more concentrated, were
missed because of the:

+ inaccessibility of breeding aress;

+ lack of vehicles, communication equipment,
and trained personnel;

+ governments' not allowing cross-border
survey Or spray operations;

« Crop protection services priority to protect
cropland; and

« wars and civil strife.

Additional problems existed in the earliest part of
the campaign: lack of preparedness of staff, im-
passability of roads in the rainy season, donors
diverse policies, and late arrival of equipment and
pesticides.

Costs of the control programs in Africa were
high, especially because chemicals had to be im-
orted and t@asportation costs were high—from
15t0$30 per ectare in 1986, compared to $5.50
to $9.00 prr hectare for grasshopper control in the
United Sgtes. The cost-effectiveness of control
has not been demonstrated. Some evidence exists
that in 1986 the value of production saved in the
nine most affected countries did not equal or ex-
ceed the costs of control: atotal of $40 million for
control to save $46 million of production. The
data on which this conclusion s based are few,
however, partly due to donors lack of effort in
collecting them and partly due to problems in-
herent in the effort.

Impacts on Health and the Environment

Safe and environmentally sound use of insec-
ticides was not ensured during the recent locust
and grasshcpper campaigns. Application, storgge,
and dis sa Were not monitored and the cumuﬁa—
tive efRects of chemicals used in various agricul-
tural and health programs were not taken into
account. Case reports exist of toxic human ex-
posure, especially to those who handled insec-

ticides. Insufficient attention was paid to the ef-
fects of locust and grasshc%ers raying on scarce
food and water supplies. Empty pesticide con-
tainers have been used to store food and water.

Various pesticides used in the campaign are
known to have harmful effects on nontarget or-
ganisms (e.%., fenitrothion to birds and fish and
carbaryl to honeybees) and some of these oc-
curred. Honeybee colonies were killed in Tunisia
and 30 sheep died after grazing on pesticide-con-
taminated land. Insecticide residues were found
in the soil in Mali and Morocco. Storage and
disposal of surplus insecticides and containers is
recognized as a major problem by African govern-
ments, donors, and FAO. Problems such as inade-
guate packaging and labeling have resulted in
contamination and loss of effectiveness.

Institutional and Political Aspects of
Control

Most African national and regional agencies
and donor institutions are not fguipped to dedl
with locusts and grasshoppers on d ong-term basis.
Commonly, development goals are sacrificed in
favor of emergency management. In Africa, civil
strife and long-standing border disputes con-
strained access to some of the most important
areas for conducting insect surveys and control.

The shortcomings of Chad’s national crop
protection service in dealing with locust and
grasshopper programs were typical: imprecise data
on pests, vehicle breakdown, poor training,
shortage of survey materials, inadequate prepara-
tions before the rainy season, inaccurate treat-
ment figures, and no monitoringof adverse effects.
Donor organizations exhibite a different set of
shortcoming s: organizational shifts and redirec-
tion of furkfrom development to crisis manage-
ment, and lack of experts experienced with
technical aspects of the program and with African
situations.

STRATEGIES FOR THE FUTURE
USAID made commendable attempts to: 1)

coordinate its efforts with U.S. agencies; foreign
donors and African officials, 2) provide training to
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Africans and its own personnel; and3)stress sound
selection, storage, application, anddisposal of in-
secticides.

The Office of Foreign Disaster Assistance
(OFDA) Desert Locust &k Force was the focal
g0| nt for coordination. It held weekiy meetings,

ringing together rts from the U.S. Depart-
ment of Agricultures Agricultural Plant Health
and Inspection Service and the Forest Service, the
EPA, and the U.S. Geologica Survey (USGS).
Also, the Task Force reviewed its work annual
and prepared a helpful Locust/Grasshopper
Management rperations Guidebook. USAID held
10 training worksops and funded additiona train-
ing by FAO and aregiona organization.

USAID advocated use of less toxic insecticides, a
ban on dieldrin, and improved disposal of containers
and surplus stocks. Ako, USAID supplied protective
clothing for pesticide applicators and tested
app licators’ cholinesterase evels in one country.
USAID clearly prevailed in reducing dieldrin’s use.
USAID attempted tomake control more efficient and
less costly by pre-positioning chemicals in Europe and
using remote sensing (greenness Maps) to identify
areas for ground surveys.

How To Do Better Next Time

Overal, the results of locust and grasshep per
control were disappointing. Donors cannot atford
to fund expensive control campaigns without ad-
dressing fundamental questions regarding goals
and implementation. Now that the resectsarein
recession, it is time to find methods that contribute
to development, to redouble preventive efforts, to
decide what actions will be most effective during
the next upsurge. OTA finds that four areas
deserve specia attention. Each has important im-
plications for the organization of African regional
and nationd efforts and for donor funding.

The Feasibility and Price of Prevention

FAO and USAID maintain that the plague
prevention strategy that evolved in the 1960s sur-
veys in seasonal breeding grounds and contro lin
populations as they become gregarious there
could prevent pagues if properly applied. But this
depends one fective monitoring and control on a
continuous basis, and that is costly. Also, effective
spraying is difficult in actuality, partly due to fac-

tors beyond the control of donors or governments
(civil wars, weather). FAO proposes a major
preventive effort inht enext 5 years. |tseemsthat
such a preventive strate V\ﬁ;ﬂd bel ess expensive
than widespread control but this is undocumented
so far. Crisis mariagament mobilizes resources and
attention more effectively than preventive ap-
proaches to chronic or slow-onset problems, how-
ever.

Integratig Emergency Control Programs With
Lag-Term Development

Far more attention was given to emergency
assistance than to other efforts, including prevent-
ing insect problems from developing and identify-
ing alternative controls in the recent campaign.
For example, nearly al U.S. funds for locust and
grasshopper programs in fiscal year 1986 and 1987
were OFDA funds and 5&ercent of USAID’s
major longer term grasshopper and locust
project’s funds were alocated to emergency assis-
tance for fiscal years 1988 through 1990. Respon-
dents to OTA’S survey agreed that crisis
management was the magjor type of actity under-
taken in the recent campaign and most alvocated
an increase in preventive measures and specific
types of relief and rehabilitation.

Individual or Multipest Strategies

Sustainable protection of crops and livestock
requires comprehensive, multipest management
solutions. Management of all grasshoppers and
locusts, however, may not be able to be integrated
into single crganimations. Some species, e.g., the
Senecgalese rasshoploer and African Migratory
Locust, can be controlled by national croa protec-
tion services in programs integrated with efforts
against other pests. Others, e.g., the Desert
Locust, might be more effectively dealt with
regionally as a single species because it breeds in
remote areas and migrates among countries.

When and Where Control Efforts Should Be
Mounted

During the recent campagns, vast areas were
sprayed with insecticides. The high cost of these
efforts, including the less documented environ-
mental costs, require a reexamination of where
and when spraying should be done when outbreaks
occur. The relative merits of early treatment (e.g.,
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FAQ’s "strate “c control progim” aimed at hop-
per bands inrreeding areas)v. later treatment
(e.g., when swarms or bats actually threaten
crops) arehotlydebated. The former maybe more
costly financialy, and the latter ﬁolitically.
Generally, a need exists to improve thepracision
and accuracy of control efforts. USAD would
have to revise its strategy of controlling swarms
wherever they occur in order to do this.

What Control To Use The Role of
Technology

Today, widespread insecticide spraying is the
predominant technology used a(gai nst
grasshoppers and locusts. 'l%nee areas d tech-
nolgy seem promising “or the future: integrated
pest management (IRM, alternative controg, and
monitoring insects, weather, and vegetation.

Major elements of 1PM apply during locust
and grasshopper upsurges: optimization of con-
trol, use of multiple control tactics, keeping pest
damage below economic injtylevel to maintain
stable crop production, and minimization of
insecticides' hazards. These were not followed in
the recent control efforts despite 1PM bein
USAID’s stated policy. This wapartly due to lacl%
of technolo and partly due to tte poor decision-
making arFperformance by donors and African
agencies. Today, biological control, culture'prac-
tices, and other nonchemical components of 1PM
cannot provide the high level of control needed to
stop gregarious swarms. In the future, these
methods might, however, contribute si?nificantly
when used together or at early states of an infes-
tation. Research on alternatives and improved
use of pesticides can be done now and, in fact, must
be sutpported now if alternatives are to be avail-
able for future locust and grasshopper upsurges.
Experts estimate that it maybe 8 to 10 years or
longer before aternatives to Insecticides are avail-
able for large-scale use.

Biologcal control (the use or encouragement
of naturalenemies for the reduction of pests) is
one potential component of 1PM. Microbia con-
trol methods now beixg researched include
Nosema (a protozoa) viruses that could be

incorporated with microbial pesticides. Bioration-
a control methods also include botanical pes-
ticides and pheromone traps, other potential
aternatives to synthetic chemical insecticides.
The chemicals contained in the neem tree have
received attention as a botanical insecticide with
antifeedant properties.

Monitorirginsects, weather, and vegetation
can be done ﬁom the ground or from the air.
Generally, ground momtoring technologies are
adequate, but jurisdictional questions, remoteness
of breeding areas, and lack of resourcesin crop
protection services cause them to be used ineffec-
tively. Current technologies for aerial monitoring
tend to be imprecise and their results delivered too
late. An arrayof remote sensing satellites has
developed. USAID and FAO fund important
remote sensing-based early warniig systems for
locust and grasshopper monitoringUSAID spon-
sors greenness maps to help guide ground surveys.
In 1987, USGS began using U.S. National Oceanic
and Atmospheric Administration (NOAA) satel-
lite data to create time-series mags of vegetation
changes. FAO began its ARTEM IS (African Real
Time Environmental Modeling Using Imaging
Satellites) program in 1988 {using Meteosat, the
European Space Agency satellite, and NOAA
data) to forecast rainfall and monitor changes in
vegetation. Currently, remote sensing for early
warning of grasshopper and locust upsurges is not
considered fully operational.

POLICY OPTIONS FOR CONGRESS
AND THE EXECUTIVE BRANCH

Congress and the Executive Branch can take
a number of actions to improve pest management
in developing countries in general and locust and
grasshopper control in particular. Congressional
micromanagement of the U.S. foreign aid program
is neither esirable, effective, nor OTAS intent,
but USAID’ s inaction or ineffectiveness has left a
K,?“Cy vacuum that Congress m?', need to fill.
ostly, the need exists for carefulcongressional
oversight of USAID programs—rather than new
authorizing legislation-that helps U.S. officials
decrease the uncertainty surrounding grasshopper
and locust problems (box B).
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OTA'’s work builds on several recent studies
on pesticide use in developing countries:

. Opportunities t0 Assist Developiig Countries
ﬁ’l the Proper Use %Agrigt tural and
Industrial Chemical (888, 22);

. Locust and Grasshopper Control in
Africa/Asia: A mmatic Environmental
Assessment (1989, 9¥) and

. African Emergency Locust/Grasshopper
Assistance Project Mid-term Evaluation
(1989, 99)

At least two of these three reports stress: a)
the need for increased emphasis on integrated pest
management, b) improved use of pesticides, c)
assessing the cumulative impacts of control, d) the
need for training and technical assistance on topics
such as the safe and sound pesticide use, storage,
and disposal, €) additional research on alternate
control methods, and f) addressing institutional
factors that hamper efforts, including needed
management changes within USAID.

Revising USAID’s Strategy
USAID’s e%)reach would require significant
t

changes if thegited States wants to play a leader-
ship role in developing sustainable pest manage-
ment strategies Tor Africa: givirg high@rpriority to

1PM; building in-house scientric capacity to im-

rove its capacity to use pesticides judiciously; and
Improving internal, interagency, and international
coordination as well as finding improved means to
support various other groups involved in pest
management.

USAID currently has enough information to
revise the Africa Bureau’'s 1987 Locust/Grasshop-
per Strategy Paper and to ensure that the
Locust/Grasshopper Management Operations
Guidebook conforms to these revisions and that
the recommendations of USAID’s Progammeatic
Environmental Assessments are implemented.
OTA finds that Congress might encourage
USAID to form a broa%Pest Management Task
Force to oversee implementation of these recom-
mendations and coordinate the U.S. response to
various Worldwidgsﬁlant protection initiatives.
Also, the USAID Task Force might commission an

externa group to evaluate the 1986 through 1989
control programs in Africa. The Task Force might
also designate a standing subcommittee on re-
search to solicit, evaluate, and fund 1PM research
prcl)posﬂls related to locust and grasshopper con-
trol.

Implementing Integrated Pest Management

More fully using 1PM in grasshopper and
locust progiams will require a sizable investment
in research, training of Africans, and improved
technical capacity among USAID staff. Since 1PM
is a multipronged systems :Epreach, it will require
renewed efforts at coordination and drawing
together information from a variety of sources:
U.S. universities, U.S. and African government
agencies, and other donors.

The United States has important capabilities
to contribute to improved pest management
strategies, but this approach Is not well-under-
stood nor fully implemented by those who led the
recent grasshopper and locust campaigns. A clear
need exists for training African farmers, extension
agents, and national crop protection servicesin
1PMhas well as supporting severa types of re-
search.

Using Pesticides Judiciously

USAID needs to examine carefully its re-
search, evaluations, and technical assistance
regarding insecticides and then incorporate results
so that chemicals are used more selectively. Train-
ing in safe and effective pesticide use should be a
key component of donor crop protection efforts.
Donor coordination will be essential if U.S.
policies are to have the greatest impact.

Currently, controversy and confusion reign on
such issues as the best insecticides to use, the
threshold at which to mount control, and the
habitats most vulnerable to hazards. USAID could
improve this situation by sponsoring further train-
ing at al levels, making one person responsible for

roviding USAID missions with insecticide-re-
ated information, preparing and updating country
supplemental environmental assessments, and im-
plementing itsownstaffssiggestions from the last
campaign. In some areas, USAID cannot imple-
ment measures to improve pesticide use without
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congressional action. Granting waivers to certain
requi rclaments may help bring about more efficient
control.

U.S. Coordination and Support for African,
U.N., and Regional Organizations

Many African national crop protection ser-
vices are poorly equipped to takeover a large part
of locust and grasshopper monitoring and control
or to develop integrated pest management
strategies. Better coordinated regional ap-
proaches are needed but support for building in-
dividual crop protection services must be a
significant part of donor assistance.

Regional groups have a distinct advantage in
dealing with regional problems such as migratory
pests like grasshoppers and locusts. African
regional organizations must continue improvin
their management and financial sipport to reactg1
their potential, however. FAO can in compil-
ing data, forecasting insect upsurges, and sponsor-
ing meetings; the international agricultural
research organizations in Africa can develop alter-
native control methods. All of these, however,
need to integrate their work better with African
national agencies.

Local groups panticipation in locust and
grasshopper controlhas significant advantages.
Their participation can be encouraged viathe in-
volvement of African nongovernmental organiza-
tions and donors' support for certain types of
training, technical assistance, and pilot projects on
extension and applied research.

Funding Implications

Some adjustments of U.S. bilateral and multi-
lateral funding maybe necessary to ensure that the
most effective pest management is undertaken.
Some of monies needed to Supat improvements
in USAID’s grasshopper andl@cust work may
come from internal shifts of funds because the
Agency is no longer funding massive control ef-
forts. ?Cyongress may want to encourage USAID to
allocate more of its existing agricultural funds to
pest management generally and 1PMspecifically.
Pest management received a declining siare of the
Bureau for Science and Technology’s agricultural
budget in recent years. Thistrend, coupled with
reduced USAID funding to agriculture in generd,

means that few U.S. development assistance funds
are being spent on long term pest management.

Congress re laced USAID’s functional ac-
counts with the bnvelopment Fund for Africain
1988 to provide USAID with increased flexibility
and to make funding more efficient. Congress
could evaluate the impact of the Devel¢pment
Fund. Early indications are that agriculturall fund-
ing decreased relative to other sectors as a result
and pessure to fund activities that seem to have
quick visible results increased. If so, the Develop-
ment Fund for Africa may neither be achieving its
goals, nor be able to serve as a model for other
programs.

There is no doubt that some new efforts would
require new appropiations. What is not clear is
how much these efforts would cost. |mplementing
1PM for locusts, grasshoppers, and other pests
would require funds for tp anning, training, re-
search, coordination, and further preventive work
such as insect monitoring and forecasting.
USAID’s planning for follow-on work needs to
estimate such costs and present its conclusions to
Congress. Certainly some improvements can be
made by supplying inexpensive equipment to
African organizations, e.g., fax machines, radios,
spare parts. Other items, such as satellite receiving
stations and major research programs, will be far
more costly.

CONCLUSION

Few would argue that the United States has an
obligition to assist disaster victims around the
wordt. In some ways, the U.S. response to the 1986
through 1989 locust and grasshopper problems in
Africa modeled effective disaster aid: large
amounts of resources were mobilized. OTA’S re-
search, however, uncovered distressing questions
about whether locusts and grasshoppers constitute
a national and international disaster and also
whether the U.S. response to the problem was
appropriate. It seems that pressure to take action,
some coming from Congress, was overwhelming,
and the scientific information that could have led
to a more suitable approach was misunderstood or
overlooked.

U.S poy takes that road at its peril: massive
insectici raying in a crisis atmospere is costly
in dollar terms; it tends to be inetficient in the
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short-term, ineffective in the medium-term, and
misses the roots of poblems in the long-term; and
the potential healt&and environmental damage
can high. The alternative path is not readily
apprent, owever. Africa’s pest problems are sig-
nifieant, the solutions are uncertain, and alterna-
tives to chemical control are mostly unavailable.

Starting down a different route now is likely to
have long term benefits although the results of
taking a new direction are likely to be less visible,
less dramatic, and perhaps less satisfying for
donors in the short-term than spraying mullions of
hectares with insecticides.
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Chapter 1
The Basics

SETTING THE STAGE

In the late 1980s, several major species of locusts
aswell as significant populations of various grasshop-
pers simultaneously threatened Africa for the first
time in 50 years (93). This infestation began in 1985
through 1986 after rains ended a severe, several-year
drought and new, green vegetation alowed these
pest species to profiferate.

Several grasshopper speciesin the West African
Sahel reached |evels high enough to result in large-
scale control efforts from 1985 to 1989. Also, a major
plague of Desert Locusts began in countries around
the Red Sea, with swarms moving west across the
Sahelian (see app. A) countries. By November 1988,
swarms of the Desert Locust extended from
Mauritania and Senegal in the west to Irag, Iran, and
Kuwait in the east, and some fragments of swarms
even reached the Caribbean.

The last widespread Desert Locust plague ex-
tended from 1949 to 1%3. Following that plague,
the infrastructure to fight locusts and grasssppeis
deteriorated, and the recent plgue agJ ht Africa
unprepared and highly vulnerab:e. Fdt onors, in-
including the U.S. Agency for International
Development (USAID), the Desert Locust
plague, along with other locust and grasshopper
problems, caused shifts in funds, operations, and
programs to cope with the apparent emergency.

Despite earlier forecasts that the Desert
Locust plague might continue for several more
years, in April 198 the United Nations Food and
Agriculture Organization ((FAO) announced that
the plague had dissipated (105). But longer-term
issues remain. For example, experts differ widely in
their assessment of the significance of locust and
grasshopper outbreaks relative to other pest
problems and in terms of the crop dama%e they
cause on a national level; the information base on
which major control decisions were based seems
deficient; no sound technological alternatives exist
for chemical pesticides; and education and training
for the next generation of experts to deal with
future plagues seems inadequate.

In this study (tox I-A), OTA examines what
happened duringthe 1986 to 1989plagueyearsand
considers the implications of the longer-term is-
sues. The major species of locusts and related e%—
%regating grasshoppers in Africa and the Middle

ast (box 1-B) are the focus. From 1986 to 1989,
most international control effortsin Africawere
directed at the Desert Locust and the Senegalese
Grasshopper, so most examples in this report deal
with these two species.

LOCUSTS AND GRASSHOPPERS

L ocusts and aggregating grasshoppers have
fascinated biologists and caused farmers anxiety for
centuries because of their unusual behavior. This
section details the insects' biology and behavior.
For readers with less need for detalled knowledge,
the following information is critical to under-
standing later sections of this report and to making
informed policy choices:

. Different locust and grasshopperspeciescanbe
difficult to identify, yet theyhave distinct
biologies that require dif lerent control
strategies.

« Eachinsect can eat its own weighi nvegetation
each day. Damage mainlylepends on the
number of insects, how long they stay in a given
area, which plants they eat (non-crop,
commercia crsp, subsistence crop) and the
plants’ stage of denvel opment

+  When crowded (by breeding or congregating in
moist places) these insects undergo a
change—from living as scattered, sedentary
individuals to becoming~ohesive, gregarious
bands ofhoppersorhi gt%mobue adult swarms.
SNeekarms can migrate hundreds of milesin a few
weeks.

« Locusts and grasshoppers' life cycles have
three stages. eggs, hoppers, and adults.
Gregarious insects are most concentrated and
vulnerable to control during the second stage
because hoppers cannot fly.

19
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. Weather conditions affect insect behavior.
Outbreaks occur after rainfall. Predominant
reasons for declines also relate to
weather—unfavorable breeding conditions
(insufficient moisture, vegetation or low
temperature) or wind patterns.

Definitions

L ocusts belong to alarge group of insects com-
monly called grasshoppers-insects recognized by
powerful hind legs adapted for jumping—in the in-
sect order Orthoptera. Technically, grasshoppers
and locusts belong to the wﬁerfamily Acridoidea
within that order. Therefore, they are close biologi-
cal relatives.

Many scientists distinguish locusts from
grasshoppers based on locusts ability to form dense
groups comprised of large numbers of insects. In
some cases this distinction is not clear because
“aggregating” grasshoppers can behave similarly.
Thus, the terms “locust” and “grasshopper” are
sometimes ambiguous.

Also, the term “locust” is used nontechnically. In
the United States, for example, cicadas-a different
type ofinsectintheorder Homoptera-are sometimes
called “locusts.” Different kinds of cicadas occur in
large numbers at regular 13- and 17-year intervals.
Unlike locusts, periodical cicadas do little damage to
vegetation. People who have experienced their dense
hatching, however, know something of what locust
outbreaks are like. “bust”, in French, is "criquet,"
but theinsectsAmericans call crickets also differ from
locusts andgrsshoppers although the three insect
types shar et%?same scientific order.

Atleast 1,500speciesof grasshopers and locusts
exist in Africa, withawidespectrumof@haracteristics.
Some 200 species have been reported as pests. Ac-
curate scientific identification, often essential to as-
sessing the magnitude of a pest problem and selecting
suitable control methods, can be difficult.

Life Cycles: Eggs, Hoppers, and Adults

The life cycle of al species of locusts and
grasshoppers consists of three stages: eggs, hep-
pers, and adults. Usually eggs occur in fretﬁ)y
cylindrical pods deposited at shallow depths in
moist ground. Eggs hatch into hoppers primarily
during the rainy season after an incubation period
affected by temperature. Hoppers periodically

“molt,” or cast off their skins, as they grow. Usualy
the insects molt five times, with the growth stages
between each known as "instars.” After the last
molt, the insects are considered “fledglings,” or
immature adults, but have developed wi nFs strong
enough to fly (figure I-1). Desert Locustshve from
2.5 to 5 months (93) and, under optimal environ-
mental renditions, populations probably can mul-
tiply 10 times in each generation (71).

Various grasshopper and Iocustépecies differin
important ways, such as the length d ttime eggs can
survive without rain and the insects vulnerability to
natural enemies (predators, parasites, and
pathogens). Desert Locust eggs are viable for up to
10 to 12 weeks in soil that remains sufficienymoist
(118). On the other hand, Senegalese Grassopper

gs can survive in dry soil for several years and hatch
when rains come (552). Grasshopper often fall prey
to natural enemies (99), but usually natural enemies
only are significant sources of mortality for Desert
Locusts when populations are in decline for other
reasons (93). Weather, however, is the most impor-
tant natural cause of Desert Locust mortality.

Behavior: Solitary and Gregarious Insects

Behavior patterns principaly distinguish locusts
from other grassho pers. Locusts behave as “typical”
grasshoppers and ive as solitary individuals when
their p?rxlations are small. However, when locusts
occur inlargenumbers andhighdensity theyundergo
a transformation to a gregarious phase, and move
togzther in dense groups. Gregarious locusts are
called swarms when composed of adults, and bands
when composed of young heppers. A swarm of adult
Desert Locusts may contain2() million to 150 million
individuals per square kilometer and spread over an
arearanging from afew hectares to hundreds of
square kilometers. Adult swarms of Desert Locusts
can migrate several thousand kilometers while hop-
per bands move only a few kilometers. Fledgling
swarms make the longest flights of al adults, traveling
up to 1,000 km in a week (93).

Experts gznerally agree that rain and the
availability @ new vegztation create conditions
conducive for the transE)rmation of solitary insects
into gregarious bands or swarms (93). Outbreaks—
marked population increases leading to the a

earance Of gregarious groups-follow successtul
reeding. Three processes are involved: the con-
centration of solitary locusts in one area, their
subsequent multiplication and, finally, the
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Figure 1-1- Life Cycle of the Desert Locust

NOTE: Therelative sizes of the fiveinstar hoppers and adult Desert Locust, shown at approximately one-half actual size.

SOURCE: A.Steedman, cd., Locust Handboo k (United Kingdom: Overseas Development NaturalResources I nstitute, 1988), p. 20.

regarization process (83). Sometimes solitary
ocusts breed successively in one location; other
times they congregate in new breeding sites. The
Eg%ﬂtant crowding produces gregarious behavior

Physiological changes in the insects’ ap-
pearance also are associated with the gregarization
process and maybe dramatic. Some species change
so markedly that solitary and gregarious forms were
originally described as different species. Often,
solitary phase locusts resemble the color of their
habitat, whereas gregarious phase locusts are
brightly colored. In addition, color changes may
occur with sexua maturity. For example, solitary
Desert Locusts are pale gray or beige when sexually
immature but males turn pale yellow when mature.
Gregarious Desert Locusts are bright pink when
sexually immature fledglings and bright yellow
when mature.

Gregarious behavior is used often to distinguish
locusts from grasshoppers. However, some species
of grasshoppers behave periodically in a gregarious
manner—multiplying rapidly and producing swarms
like locusts Population increases maybe started by
unusua wesather or certain changes in land use (93).

Generally, gregarious behavior in locusts and ag-
gregating grasshoppers proceeds by intermediate or
transition stages and it is reversible if conditions
change. Also some species are highly gregarious
whereas others are less so. Still other species behavior
falls on the continuum in between. It is therefore not
surprising that experts differ in drawing the line be-
tween locusts and grasshoppers. For example, one
OTA reviewer wrote, “the Tree Locust is categorized
bysome acridologists among aggregatinggrasshoppers
because of [its] poor swarming behavior” (64). Others
call the Sudanese Grasshopper the Sudanese Locust

g’ell) and the Senegalese Grasshopper the
negalese Locust (69).

Locust and grasshopper species vary in their food
preferences. Some species (e.g., the African Migratory
Locust, Red Locust, Brown Locust, and the
Senegalese Grasshopper) prefer grasses, including
economically important food crops such as corn, millet,
sorghum, and wheat (95). The Tree Locust prefers
trees, shrubs, and bushes. The Desert Lore@ on the
other hand, eats a wide range of food (93%, athough
some believe it prefers grasses but eats other vegeta-
tion only when necessary (54, 95).

Locusts and aggregating grasshopper represent
the greatest danger to agriculture during their
gregarious phase. One analysis of records of Desert
Locust damage showed that 8 percent of crop damage
is done by hoppers, 69 percent by immature and matur-
ing swarms, and 23 percent by sexually mature adult
swarms (93). Crop damage by hoppersis low because
the breeding areas where hoppers hatch are mostly
outside crop areas. But once gregarious swarms begin
to migrate, the potential for damage increases. In-
dividua locusts and grasshoppers can eat their own
weight (up to 2grams) in food everyday. Desert Locust
swarms are particularly large so their potential for
damage is especially great. One-half million Desert
Locusts, a smal part of an average swarm, weigh ap-
proximately 1 ton and eat as much "food" per day as
about 2,500 people (93).

Geographic Distribution and Migration
Patterns

Theregional distribution of each locust and
hopper species varies from year to year, but the species
grm\?lved Fr?rlarge-scale outbreaks mlﬁlar upsurges-show
general patterns (figure 1-2). Forseveral species, outbreak
areas, those permanent breeding and gregarization areas,
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can be distinguished from larger invasion areas. For
example, the Red Locust, the African Migntory
Locust, and the Moroccan Locust al haveldined
outbreak areas. The larger, combined invasion
areas of the major species cover virtually all of
Africa

Desert Locusts have a particularly extensive
distribution, with no localized or well-defined out-
break areas. Between outbreaks, bands and swarms
are rare, and low-density solitary forms occupy the
central, drier part of its distribution, known as the
recession area. This vast desert and semi-desert
north of the equator is about half the size of the
invasion area. During plagues, migratory swarms
of the Desert Locust may penetrate al of thein-
vasion area—nearly 20 percent of the world’s land
area. Up to 57 nations in Africa, the Middle East,
and Asia (and Spain and Portugal in Europe) may
be affected (93).

Certain zones exist within the Desert Locust’s
recession area that are particularly suitable for breed-
ing and formation of grg arious groups. These zones
constitute a small part d'the total recession area (12,
54). Locusts moving into such a seasonal breeding
area may be further concentrated by wind conver-
gence and moisture, laying their eggs in constricted
sites. Major Desert Locust outbreasoccur when the
amount and frequency of rainfall enables insect num-
bers to build from one generation to the next (71).
Should the build-tpmntinue long enough, a plague
results. A Desert focust plague occurs when many
gregarious bands and swarms occur at the same
time over a large area in different regions (12, 93).
While Desert Locust outbreaks are frequent, up-
surges large enough to starplagues are rare. More
frequently, potentially dangerous, partially
gregarious populations die down without produc-
ing bands or swarms, usually because of weather
conditions but sometimes because parasites and
predators kill hoppers (93).

Locusts and grasshoppers cause recurrent
problems for Africa, the Near East, and Southwest
Asia. Locust outbreaks are usually attributable to one
speciesin agiven areaand they occur intermittently
but irregularly. The Desert Locust irparticular has
widespread, sporadic, and unpredictable upsurges.
Grasshopper outbreaks often involve a number of
species with widely varied biological characteristics
and cause chronic agricultural damage each year (93).

The Sahelian region of Africais particularly vul-
nerable.

Locusts mia?rat_ogl patterns are affected by
prevailing seasonal winds, topography, and tempera-
ture. Normally, insects drift downwind until they en-
counter conditions suitably moist for breeding and
feeding. Nevertheless, broad seasona pattemsofrnove-
ment are detectable. For example, in West Africa, sum-
mer Desert Locust breeding occurs in the Sahel and
swarms produced there generally move from east-to-
west north of a weather pattern known as the Inter-
Tropical Convergence Zone and west-to-cast to its
south. Winter breeding areas are located in the
Mahgreb countries and swarms move mostly north-to-
south from there. Weather conditions also affect
specific insect migration routes. For example, frag-
ments Of Desert Locust swarms reached the Caribbean
with the aid of October 1988 storms. They crossed the
Atlantic from West Africa-a distance of 5,000
kilometers—in a period estimated from severa days
(85) to aweek 63 Mountains in Morocco, Algeria,
Yemen, and Iran, highlands in Ethiopia, and the
escarpment in SaudiArabia affectwind patternswhich,
in turn, influence the direction and speed of locust
movement. For example, the Anti-Atlas Mountains
south of the Seuss Valley forma topographical barrier
to northward-moving swarms. Low temperatures,
commonly found at higher atitudes, stop flight
activity and hatching and prolong insect develop-
ment. Deserts, however, do not seem to impede
movement.

Changing land-use patterns also influence the
distribution of grasshoppers and locusts. Alreadya
variety of environment ichanges has led to certain
changes as natural vegetation gives way to cultivated
land, as irrigation brings moisture to areas, as cultiva-
tion disturbs ggods, or as vegetation is reduced.
For example, the Red Locust’s importance declined
in Mauritius as agricultural land expanded and locust
populations became less dense (36). Likewise, the
normally gregarious African Migratory Locust today
is behavi n% more like a nor;%regarious rasshopper
due to the break-up of its habitat in Mali (118). On
the other hand, the Variegated Grasshopper, a minor
nuisance in the 1930s, became a major problem in the
1970s followin %vi despread forest clearing for coffee
production inthe Ivory Coast. The pest flourished in
the environment created by certain weeds that in-
vaded clearings (71). Similarly, Cavin (19) feels that
desertification can be expected to increase the
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amount of habitat suitable for high intensity Desert
Locust breeding.

LOCUST AND GRASSHOPPER
UPSURGES, DECILMES,AMD THE
ROLE OF CLIMATE

Early civilizations knew that locust plagues oc-
curred intermittently. Since then, people have tried
without success to predict upsurges.

No evidence exists of regular intends between
major or regional Desert Locust plagues of the last
century (138) and no method is known to predict
whether upsurges or declines will occur in a given
year. Scientists can detect sequences of rainfall
suitable for the types of outbreaks that lead to
upsurges using modern surveillance and weather
forecasting techniques, e.g., satellite remote sens-
ing and compiterized mathematical models. But
they are uneEle to predict weather patterns suffi-
ciemlﬁm advance to knowwhether an upsurgewill
actually materialize.

On the other hand, the mechanisms of Desert
Locust upsurges have been described qualitatively
and, in some cases, quantitatively. ‘Upsurges,” “out-
breaks,” and “plagues’ are relative terms and no
generally accepted, quantifiable standard exists for
definingwhen a plague be gns. Thus, experts differ
in their analysis of thenunber and timingofthe last
century’s plagues. The most thorough analysis of
the upsurges and declines of the Desert Locust
showed that seven major plagues, lasting from 7 to
22 years each, occurred in the 112-year period from
1860 to 1972 in Africa, the Middle East, and South-
west Asia (138, figure 1-3). Statistical anayss
revealed two kinds of plagues in the indivijual
regions: those lasting a year or so and those lasting
6 to 8 yearn.

Most agree that the last major plague subsided
in 1962 to 1%3 (70, 93). Several major Desert
Locust upsurges occurred since then: 1%7 to 1968,
1977 to 1978, and 1986 to 1989, but these were
shorter and less extensive than earlier plagues (70,
figure 1-3). Dig%reement exists whether these up-
surges in the 1970s (95) and 1980s reached plague
status. FAO considers that the most recent up-
surge, at least that portion which occurred in 1988,

200954 0 - 9 - 2 : QL 3

did qualify as a plague and was similar in scale to
that m most years from 1950 to 1%2.

Ako, mobt experts agree that locust and grasshop
r unsuraes are heavily ‘irffluenced by meteorological
actors. Forexample, the main factor (apartfromlocust
invasions from the outside) associated with 1860
through 1972 Desert Locust plagues seemed to be
above-average winter and s ring rains (138). Re-
searchers have sought corre ations of pigws with
drought, wind circulation, even sun spot3he Inter-
fropical’ Convergence Zone is of particular interest
because areas of converging air masses are moét likely
to receive rain and the swarm position can be related
to this Zone (93).

Some contend that plague decline also is prin-
cipally due to environmental causes, especially
climatic factors (e.g., B.P. Uvarov, founder of the
Anti-Locust Research Center in London). How-
ever, Waloff (138) concluded that”. . . the causes
for the P&eert Locust] plague declines remain
obscure."Also, two researchers developed a math-
ematical model that could account for plagues and
recessions of the Desert and Red Locusts over the
gast century without including environmenta in-

ormation (5). The main controversy regarding the
decline of plagues is over the impact of control.

Most agree that widespread plague dynamics
are influenced by successive condifions’in seasonal
breeding areas and areas where mgritions occur,
as illustrated here by the recent Desert Locust
upsurge (figure 1-4). The first migrants probably
entered the Sahel in late 1986 and swarmed into
northwest Africain late 1987, following fawvorable
conditions that led to formation of gregarious
swarms in the seasona breeding areas around the
Red Sea and in parts of the Sahel in 1985 and 1986.
Following successful winter breeding in North
Africain early 1988, large numbers of swarms
migrated south joining locusts breeding in the

el because of the abundant rainfall there (74).
Lucas Brader (12) of FAO attributes the decline of
the Desert Locust in late 1988 and early 1989 to
three factors: efficient control campaigns in the
affected countries, the loss of alarge number of
swarms from the Sahel in the Atlantic Ocean, and
unfavorable breeding conditions (mainly low rain-
fal and low temperatures) during the winter and
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Figure 1-3-Major Plagues of the Desert Locust
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spring breeding season in Northwest and East
Africa. Throughout the ﬁeriod USAID, FAO, and
others were predicting that the plague would con-
tinue for times ranging from 1 to 10 years.

In summary, the reasons for the start of alocust
or grasshopper upsurge are relatively well known,
though inability to forecast weather precludes ac-
curately predicting when psirges will occur and
their duration. Reasons forp #gues subsiding are less
clear. Specifically, the iportance of control in
declines is debated (see ch2).

ORGANIZATIONS INVOLVED IN
LOCUST AND GRASSHOPPER CONTROL

Many locust and grasshopper control respon-
sibilities of the colonia period were shifted in the
1950s to FAO, along with the mandate to coor-
dinate bilateral and multilateral activities. Newly
formed national crop protection agencies and
regional organizations supplanted colonial struc-
tHreﬁgae‘)soAfncan nations achieved independence in
the S

1 Characteristics of Desert Locust Plagues,” Ansi-Locust Memoir 13 (London: Anti- Locust
¥ Joyce Magor, “ Joining Battle with the Desert Locust," Shell Agriculture, No. 3,1989, p. 1

Bilateral donors also play important roles.
France and the United Kingdom continued to play
important roles in locust and grasshopper control
until 1985. USAID provided approximately 20 per-
cent of all donor funding of the most recent campaign
and ass%ned it some priority in its African programs
(tablel-I)

National Crop Protection Services and
Other National and Local Groups

The national crop protection services, under
the Ministry of Agriculture in most countries, have
the mandate to protect crops. Therefore, they are
the major national organizations responsible for
grasshopper and locust control and take over when
problems exceed the capacity of individual farmers.
Generally, the crop protection servicesorganized and
carried out ground surveys and spraying in recent
control campaigns, using four-wheel drive vehicles.
Aerid spraying-often executed under regional and/or
donor auspices in the Sahel-was used for more exten-
siveor remote infestations orwhen the crop protection
services could not meet needs.
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Additional Ministry of Agriculture agencies aso
were involved in control efforts. agricultural extension
agents assisted in monitoring, conducting control, and
organizing local participation. National research and
forestry services contn%:ﬂed knowledge, skills, and
resources. Other government agencies, too, took part
in the large control campaigns; these included public
health departments, weather bureaus, customs ser-
vices, andpﬁansportation ministries. In some countries,
military pilots assisted with aeria spraying.

Local farmer brigades were a major comm ent
of the ground surveillance and control ef foits in
some countries. In Mali, 400,000 hectares were
treated by ground spraying in 1988, and 45 farmer
brigades received high prasse for their effectiveness.
Their expertisewasigevelopedi nthe previous2 years
efforts: experienced farmers used hand or b%ﬁk
sprayers and untrained ones used dusters. Niger
reportedly had 10,000 five-person farmer brigades;
Chad, 1,000 brigades with 10,0(K) farmers (99). Farmer
committees were trained to recognize buildups of the
Senegal eseGrasshopper and initiate control in Burkina
Faso, Gambia, Mali, Niger, and Sénégal (19, 71).

USAID estimates that the affected countries
contributed $28.5 million in fiscal year 1988 and
$124 million in fiscal year 1989 of their own funds
to locust/grasshopper control (33). This was nearly
as much as the donors provided in those years. For
example, in fiscal year 1989, the governments of
Morocco, Algeria, and Tunisia contributed $76 mil-
lion, $58 million, and $10 million, respectively.
Sudan, Somalia, Mali, and Sénégal contributed
from $1 million to $4 million each. Many seriously
affected countries, however, were Sahelian nations
with little revenue to support the control effort.

Regional Organizations

Three semiautonomous regional organizations—the
Desert Locust Control Organization for Eastern Africa
(DLCO-EA), the Joint Locust and Bird Control Or-
ganization (OCLALAV), and the International Red
Locust Control Orgnisation for Central and Southern
Africa (IRLCO-83-and three regional FAO com-
missions dealwith migratory pests that transcend nation-
al boundariés in Africa, the Near East, and Southwest
Asia (see table 1-2 and figure 1-5).

The organizational structure, mandate, mem-
bership, programs, and financial support of the
African regional organizations continue to evolve.
The most well-established of the regional organiza-

tions is DLCO-EA, founded in 1%2 by Ethiopia,
France (for Djibouti), Kenys, Somalia, Tanzania,
and Uganda and joined by idan in 1968. Its main
objectiveis control of the Desert Locust, but in
1976 its Council of Ministers decided to undertake
control of grain-eating birds (e.g., the quelea),
armyworms, and tsetse flies when locusts are in
recession (63).

OCLALAY, created in 1%5 to counter the
Desert Locust and grain-eating birds, was restructured
in March 1989 into a West African information and
coordinating organization without an operational
capacity. Itsearlierc;ferational roleinsurveyand control
was carried out by FAO during the recent upsurges and
then was reassigned to the national crop protection
services. In turn, the crop protection services’ repre-
sentatives began discussions with the Sahel Institute
gl;ISA of the Permanent Interstate Committee for

Control in the Sahel (CILSS) regarding a
regional approach (99). A previous regional crop
rotection project of CILSS was terminated in 1987,
E)llowing withdrawal of USAID fundirg. The CILSS-
associated meteorological ¢g anizatiodGRHYMET
continues to provide valuable weather information to
members.

Currently, IRLCO-CSA suffers from alack of
member states' payments, but its situation iSim-
Proving, following locust and grasshc;gec':r upsurges
m the region, and donor assistance i%eing sought
(12). On the other hand, the International African
Migratory Locust Organization was dissolved in
1986 (102).

The three regional FAO Commissions for Con-
trolling the Desert Locust (for Northwest Africa, the
Near East, and Southwest Asia) were begun in 1971,
1%7, and 1964 respectively in areas where locust
survey and control were already the responsibility of
national structures. (In sub-Saharan Africa, survey
and control were principally done by regiona entities
then (106)). These Commissions support survey, con-
trol, training, and research. Member nations set
policy and determine control activities, whereasFAO
coordinates the work and serves as secretariat.

U.N. Food and Agriculture Organization

The U.N. Food and Agriculture Organization
(FAO) has been the principal coordinator of inter-
national locust and grasshopper control campaigns
since the early 1950s, arole confirmed by the U.N.
General Assembly in December 1988. Initidly, FAO
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Figure 1-4-Movement of Desert Locust Swarms, January 1985 -April 1989
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Figure 1-4~Movement of Desert Locust Swarms, January 1985-April 1989—Continued
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SOURCE: PRIFAS “The SGR Saga in 13 Images," prepared by M. Launois and G. Blanca (Montpelier, France, 1989).
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Table I-I-Donor Assistance to Locust and Grasshopper Control Programs, 1986-89
(U.S. dollarg/calendar year)

Donors 1986 1987% 1988 1989 Total
(Jan.-May)
Bilateral donors:

Algeria 50,000 146,882 180,000 0 376,882
Australia 0 0 205,000 0 205,000
Austria 0 0 29,041 0 29,041
Belgium 130,000 266,714 500,000 1,300,000 2,1%,714
Canada 3,014,500 2,802,233 2,243,000 343,000 8,402,738
China 500,000 40,000 120,000 660,000
Denmark 692,500 635,369 2,813,068 2,400,000 6,540,937
Finland 400,000 0 208,455 75,000 683,455
France 1,792,537 3,491,738 6,030,127 3,150,000 14,464,402
Germany (FR) 3,025,887 6,209,031 11,992,000 14,250,000 35,476,918
Greece 50,000 0 160,000 0 210,000
Indonesia 0 10,000 25,000 0 35,000
Iran 0 0 7,500 0 7,500
Israel 0 0 0

Italy 2,659,000 2,471,386 2,994,675 1,000,000 9,125,061
Japan 1,288,000 4,100,368 13,620,000 19,008,368
Kuwait 0 0 1,000,000 0 1,000,000
Libya 0 0 1,212,000 0 1,212,000
Luxembourg 0 140,000 244,000 0 384,000
Morocco 20,000 0 320,000 0 340,000
Netherlands 2,350,000 1,850,000 6,592,347 0 10,792,347
Nigeria 0 0 400,000 0 400,000
Norway 3,127,000 1,500,000 1,615,000 2,000,000 8,242,000
Portugal 0 0 606,000 0 606,000
Qatar 0 0 12,000 0 12,000
Saudi Arabia 0 0 2,860,000 0 2,860,000
Spain 62,511 0 2,440,000 0 2,502,511
Sweden 1,185,929 0 2,599,386 0 3,785,315
Switzerland 403,000 92,790 944,268 338,000 1,778,058
Thailand 11,000 0 0 0 11,000
Tunisia - 0 0 90,000 0 90,000
Turkey 0 0 500,000 0 500,000
United Kingdom 1,909,183 987,687 5,800,000 207,000 8,903,870
USAID 9,1%,245 6,983,332 21,599,859 12,000,000 49,779,436
U.S.S.R. 0 1,376,000 0 1,376,000
Yugoslavia 64,000 0 0 0 64,000

Subtotal bilateral donors 31,931,292 21,581,167 81,739,094 50,803,000 192,060,553
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Table I-l—Donor Assistance to Locust and Grasshopper Control Programs, 1986-89
(U. S. dollars/calendar yeaContinued

Donors 1986 1987 1988 1989 Total
(Jan-May)
Multilateral donors:
African Development Bank 165,000 0 200,000 6,019,730 6,384,730
Banque Africaine de
Developpement Africain (BADEA) 750,000 0 0 0 750,000
European Economic
Community (EEC) 10,739,981 2,348,674 9,600,143 400,000 23,088,798
Islamic Development Bank 0 0 14,400,000 2,044,000 16,444,000
Organization of African
Unity (OAU) 0 321,430 300,000 0 621,430
Organization of Petroleum
Exporting Countries (OPEC) 300,000 0 39,000 0 339,000
UN Children’s Fund (UNICEF) 86,000 10,000° 0 %,000
UN Development Program
(UNDP) 1,839,000 54,000° 2,926,332 0 4,819,332
UN Environment Program
(UNEP) 0 0 48,405 0 48,405
UN Food and Agriculture
Organization (FAO) 2,601,000 20,000 4,700, 000 610,000 7,931,000
UN World Food Program (WFP) 18,000 0 0 0 18,000
UN World Hedlth Organization
(wHo) 4,480 ] ] 0 4,480
Subtotal multilateral donors 16,503,461 2,744,104 32,223,880 9,073,730 60,545,175
Non-Governmental Organizations 1,211,460 133,000° 1,111,000 0 2,455,460
Total

USAID as percent of total 18.5% 22.9% 18.7% 20.0% 19.5%

NOTES:
* Amount unknown (1987).

a acgitann i A \West A frinan, contri
bigﬂ:ﬁz gﬂll}/ asslstanceetz)ot%h 8“' ?&ﬁlnrecnpnem countries, Nt es.

:Includm_ only assistance from section aid to Gambia. ] ] ] o
An atiditional $20 million was given by donors for programs in Northwest African countries, Sudan, Ethiopia, and Yemen (Jeremy Roffey,
Emergency Center for Locust Operations, FAO, personal communication, June 26, 1989).

SOURCES:
Column 1: Jeremy Roffey, ‘1986 Funding Chart for Grasshopper and Locust campaigns in Africa’ (Emergency Centre for Locust
Operations, U.N. Food and Agriculture Organization, Rome, December 1986). . o
Column 2: U.N. Food and Agriculture Organization, “ Report of the Meeting on the Evaluation of the 1987 Grasshopper Campaign in the
Sahel, Annex VI (zmergency Centre for Locust Operations, Rome, December 19872(,,
Columns 3 and 4. U.N. Food and Agriculture Organization, “Assistance Provided toCountries and Regonal Or :gnimations,” Report of
the Thirtieth Session of the FAOlesert Locust Control Committee, AGP:DLCC/89/4, Rome, Italy,Jgune 12-15?989.
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Table 1-2-Independent Regional Organizations and Their Member Nations

Organization Member States Headquarters
DLCO-EA: Desert Locust Control Djibouti, Ethiopia, Sudan, Addis Ababa,
Organisation for Eastern Africa Somalia, Kenya, Tanzania, Ethiopia
Uganda
OCLALAV: Organisation Commune Chad, Cameroon, Dakar, Senegal
de Lutte Antiacridienne et de Benin, Gambia,
Lutte Antiviare/Joint Locust and Ivory Coast, Niger, Mdli,
Bird Control Organization Mauritania, Senegal
IRLCO-CSA: International Red Locust Kenya, Uganda, Tanzania, Ndola, Zambia

Control Organisation for Central
and Southern Africa

Zambia, Malawi, Zimbabwe,
Botswana, Swaziland,
Mozambique

SOURCE: Dale G. Bottrell. '’ |_ocusts andGrasshoppers in Africa and the Middle East,”” contractor report preparedor the Office of Technology

Assessment, January 1989.

focused only on Desert Locust problems, but its
scope was broadened later to include other
migratory pests.

The FAO Desert Locust Control Committee
(DLCC) is the overall intergovernmental body that
coordinates all Desert Locust-related control and re-
search. In 1955, the United States was a founding
member of the DLCC and remains one of some 50
member countries The Erergency Centre for Locust
Operations(ECLO), creabﬂgw 1986 and housed in
FAQ’s headjuarters in Rome, bears operational
responsibility within FAO. It assumed responsibility
for raising donor funds and coordinating control ac-
tivities during the recent upsurge. ECLO has handled
approximateyp10 miTlion in aid each year since 1986
in addition to coordinating some 150 jects funded
by bilateral and multilateral donors, incwuding FAO
itself (109).

FAO’s activities include:

. supporting a centralized Desert Locust
reporting and forecasting service in Rome;

. prezpring and distributing the monthly
FAC/ECLO Desert Locust julletin, special
bulletins on other locusts and grasshoppers as

need@ and a semiannual research registry
beginning in 1989,

. Organizing international meetings for
representatives of donors and national

governments;

. sponsoring research and training on locust
surveillance and control; and

implementing locust projects financed by FAQO,
the United Nations Development Programme,
and the international community.

Also, FAOcoordinates activities of the African
regional locust and grasshopper control organiza-
tions and sponsors the FAO regional Commissions
in Africa and Donor Coordination Committees in
each country receiving assistance.

USAID and Other Donors

Many donors contributed large amounts of
money during the recent plague, principally for
insecticides and spraying equipment, but also for
training and technical assistance, vehicles, rotec-
tive clothing, radios, and spare parts. FA8's data
indicate that total donor expenditures for programs
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in affected countries were at least $49.6 million in
1986, $50.5 million in 1987, $115.1 million in 1988,
and $59.9 million through mid-1989, for a grand
total of $275 million committed through mid-1989
(table I-1).

As aresult of donor and African countries
efforts, approximatenyt.6 million ha of land in 10
Sahelian and West Africa countries alone received
aerial or ground insecticide treatments in 1986 and
1987, mostlly against grasshoppers (table 1-3). In
1988, 10 million ha were sprayed in Northwest and
West Africa, mostly against Desert Locusts (12).

The United States, through USAID, provided
an average 20 percent of al donor contributions
through mid-1989 to Northwest and sub-Saharan
Africa. Data from USAID show U.S. expenditures,
by fiscal Xea[ '_[otal_in?_$58.8 million from 1986 to
1989: $7.4 million infiscal year 1986, $7.5 million
in fiscal year 1987, $20.4 million in fiscal ?/ear 1988,
and $23.0 million in fiscal year 1989 (table 1-4). In
1988 and 1989, this amounted to approximately 4
gercent of U.S. de've'llopment assistance to sub-

aharan Africa (123).

The United States has provided financialand tech-
nical ASKTEAR WG ICASTARY mhofr'é’b’ﬁfrﬁ ef-
forts in Africasince the 1950s. During the 1945 through
1%3 upsurges, U.S. monetary contributions were 16ss
than the United Kingdom's and FAO’s. However, in
the 1950s and 1960s, the United States provided tech-
nical specidists and hel  establish the DLCO-EA.
Following a wi re@grasslmgler outbreak in the
Sahel in 1974 and 1975, U set up a Regional
Food Crop Protection Project to streigthen national
services in West Africa and funded he CILSS In-
tegrated Pest Management Project in the Sahel. In
addition to supporting projectsbil: aterallyinthevarious
African nations, the United States helps Finance the
work of FAO/ECLO.

USAID provides assistance through its Africa
(AFR) and Asia and the Near East (ANE) regional
bureaus, the Bureau for Science and Technology
§S&T), the Office of Foreign Disaster Assistance

OFDA) and its missions (box I-C).

OFDA is responsible for short-term emergency
assistance (3 to 6 months) and replaced AFR’s tem-
rary Office of Emergency Operations in takig the
read in USAID locust and gr OK;[)Srcontr_ol rts
in 1987 (99). Im July 1988, the Administrator
created the 1t Locust Task Force, under the acgis
of OFDA. The Task Force included staff frome
various USAID bureaus (AFR and ANE), offices
(contracts and legil sections, Public Affairs, Legis-
lative Affairs, etc..) and missions; the State Depart-
ment; the U.S. Department of Agriculture (USDA),
the U.S. Environmental Protection Agency (EPA);
the U.S. Geological Survey; and others. It met wi
before dissolving on June 1, 1989, following the
decline of the locust swarms.

The regional bureaus Offices of Technical
Resources and S& T are responsible for longer-term
development assistance but also managed the Africa
Emergency IDCUSUGTaSSh?JFm Assistance project.
Financial aspects of U.S. multilateral assistance gx Y
to the U.N. Development Programme and FAO) are
handled by the Department of State’s Bureau of
International Organization Affairs.

USAID often hires outside technical rtise from
U.S. consulting firms, universities, and USDA USDA’s
Office of International CoopeationandDewelopment,
for example, used $ﬁﬂip1§ “on of USAID from
1986 to 1%9. Of this, $1.5 million supported technical
experts from USDA agencies, such as the Animal and
Plant Health Inspection Service and the Forest Service,
and $1.1 million was spent on supplies for control cam-

paigns (3).

Other U.S. agencies assist in control efforts, For
example, the U.S. Geological Survey provided “green-
ness maps’ showiig where vegetation was abundant
following tinfall; EPA s@ working with USAID,
advised Afrcan governments-on safe disposal of surplus
insecticides and empty containers; and U.S. Peace Corps
volunteers participated in the Mauritania control cam-

paign (119).

In addition toofficial government donors, anum-
ber of private, nongovernmental organizations
(NGOs) provided assistance to African countries

'The Devel opment Fund for Africais the baseline against which these contributions were measured. This Fund does not include Food
for Peace (Public Law 480), Economic Support Funds, or multilateral assistance.
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Table |I-kTotal Area Controlled in the Sahelian Countries in 1986 and 1987

Ground (hag Aerial (ha) Total (ha)
8 1986 87 1987
Mauritania 100,000 22,365 193,000 225,200 293,000 247,565
Senegal 300,000 36,556 1,159,800 134,872 1,458,800 171,428
Gambia 11,500 12,104 247,710 41,940 259,210 55,044
Mali . 68,000 2,329 484,000 166,866 552,000 169,195
Burkina Faso 20,893 0 211,140 232,033 9,062
Chad 25,222 42,428 143,700 212,55! 186,922 254,983
Niger 151,414 75,420 270,505 230,834 421,919 3&,&4
Cameroon 0 54,000 0 0 0
Guinea Bissau 0 9,000 0 0 0 9:000
Nigeria 0 0 0 0 60,000 60,000
Total 677,029 254,202 2,709,855 1,012,267 3,403,884 1,322,531

SOURCE: TAMS Consultants and Consortium for International Crop Protection, Locust and Grasshopper Control in Africaldsia: A
Prograromatic Environmental Assessrent, Main Report, contractor report prepared for the U.S. Agency for International Develop-

ment, March 1989, p. D-37.

affected by locusts angrsshoppers. Some of these
organizations used U.S. foreign aid in addition to
their own funds for these programs. Oxfam, Band
Aid, CARE, Save the Children, Caritas, and World
Vision were among the organizations that provided
insecticides, vehicles, spraying equipment, and first
aid kits. Band Aid made the largest single NGO
contribution, donatingaplanetoMa f%ers aerial spraying
(82).

Donor-Sponsored Research

Many organizations engaged in locust and
grasshopper control also carry out related research.
And some primarily research organizations are begin-
ning to examine improved control methods. The Inter-
national Center on Insect Physiology and Ecology in
Nairobi, Kenya and the International Institute for
ITropi cal Agriculture in West Africa are among the
atter.

SOME donors fund locust and research
projects by their own scientists, such as the United

W i n* s Overseas Development Natural Resources In-
stitute and the French grasshoy and locust research unit
of the Center for Internat tion in Agricultural

Research for Development.Omttieither USAID
contracts out scientific research, usually to private con-

sulting firms and universities. The Locust Research
Task Force of the Special Program for African
Agricultural Research of the World Bank main-
tams a computerized directory of donor-sponsored
research. It listed 151 projects being planned or
conducted in the Sahelian countries as of January
1989. Some of these projects involve collaboration
with African research institutions and/or re-
searchers, while others are solely donor efforts.

PAST AND CURRENT CONTROL
METHODS FOR LOCUSTS AND
GRASSHOPPERS

Often, individual farmers do nothing when
faced with locusts or grasshoppers. But the also
developed a variety Dcecultura and physical con-
trols before the availability of chemical ones (table
1-5). Almost all these methods have been used in
the’ United States and Canada, too. Physical and
cultural control methods continue to be practiced,
alone or in combination with chemical control,
especialy against small infestations in crops or hop-

er bands near croplands. For example, some
armers combine the use of pesticides with fire,
burning roosting locusts at night (32). Village
brigades in Chalherded hopper bands into deep
trenches and buried them in the recent campaign
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Table 1-4-U.S. Assistance to Locust/Grasshopper Programs, Fiscal Years 1986-89

country 1986 1987 1988 1989 Dollars
Sahel and West Africa
Burkina Faso $268,800 $591,732 0 0 $860,532
Cameroon 200,000 200.000 0 0 400,000
Cape Verde 0 ‘0 75,000 25,000 100,000
Chad 990,841 1,254,211 1,305,730 0 3550,782
Gambia __ 35,000 504,808 () 25,000 654,898
Guinea Bissau 29,000 290,320 0 0 319,320
Mali 1,287,080 1,012,433 1,775,110 200,000 4,274,623
Mauritania 154,000 227,500 1,446,964 866,256 2,694,720
Niger 61,000 337,386 1,199,647 317,000 1,915,033
Sénéigal ) 1,657,349 1,923,752 245,892 3,362,320 7,189,313
Sahel Regional 244,000 0 0 0 44,000
East and Southern Africa
Botswana 1,183,587 0 0 0 1,183,587
Ethiopia 75,000 380,516 407,820 13,800 877,136
Sudan 1,024,948 600,000 662,415 173,713 2,461,076
Tanzania 50,000 0 0 8 50,000
Zaire 10,860 0 10,860
Zambia ] 100,000 0 0 0 100,000
East Africa Regional 0 0 0 0
Northern Africa and S.W. Asia
Algeria 0 0 1,070,032 18,866 1,088,898
Jordan 0 0 0 152,600 152,600
Morocco 0 0 5,295,713 10,308,974 15,985,203
Pakistan 0 0 0 2,000,000 2,000,000
Tunisa 0 0 1,361,447 1,410,535 2,771,982
Yemen ] 0 135,598 0 0 135,598
African Regional 75347 0 5.578.414 4.123.988 9.777.749
Total dollars $7,446,812 $7,548,346 $20,424,184 $22,998,052 $58,797,910
Amount of total granted to FABO 4,084,587 358,000 2,465,000 1,508,910 8,416,497
Amount of total, OFDA funds ™ 7,171,012 6,384,059 9,643,950 5,585,652 28,784,673
NQTES:

:‘)Assistance to Gambia in 1988 and some in 1989 included in amount for Senegal.
U'S. assistance consists ofOFDA funds, USAID mission funds, Africaor Asia/Near East Bureau regional funds, and some local currency.
!$n fiscal yea; 1988, OIJDA cofnglbuted $9,643,950, the missions $4,840,600’é the% re ional programs $6,689,656, and local currency
2,350,464, for agrand total of $23,524,670. In fiscal year 1989, OFDA contribut 585.652. the missions $15.847.400. the regional
programs $l_,565,(c)’00 and local currency $1,850,343, f%)/r agrand total of $24,848,395?.# "Thus. the percento Sf gﬂ') A funding dece%ased
significantly in 1988 and 1989. '
conformation in this line from John Gelb, 1989, below.

SOURCES:

1986-John Gelb, Office of Foreign Disaster Assistance, AID, “USG Contributions to Locust/Grasshopper Threat in Africa~-FY 1986 as
of September 30, 1986,” n.d.

1987-Office of Forei giDisaster Assistance, "Insect Infestation,” OFDA Annual Report Fiscal Y ear 1987 (Washington, DC: USAID, 198
1988-Office ofireign Disaster Assistance, “Insect Infestation,” OFDA Annual Report Fiscal Year 1988 fdraft) (Washington, D&
USAID. 1989).

1989-John Gelb, O)fﬁoe of Forei aDimer Assistance, ‘U.S.A.1.D. Support, Desert Locust Task Force, FY 1987-89,” dated July 22-23,
1989. Due to the decline o the locust problem in early 1989, some of the funds allocated have been reprogrammed for other crop
protection activities.
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nd responsibility to sup
prove the capabilities an

(119), using what is probably the most effective
traditional control.

Some traditional control methods are some-
times ineffective, e.qg., plowing fields infested with
pods (12). And some other means, e.g., planting
resistant varieties of sorghum, cultivating
grasslands, fallowing agricultural land, or rotating
crops, are effective against some species but not
others. For example, cassava, a root crop, iplanted
in some areas as a security against locustsbut it is
very vulnerable to attack by the Variegated
Grasshoppr (71). Planting rooted sorghum plants
instead of seeds in flood-recession irrigated areas
can protect crops from the Sudan Plague Locust
but not other species (12).

Most traditional controls have been replaced
by the use of chemical insecticides, at least m offi-
cial control programs. Numerous synthetic organic
insecticides are available now. The first chemical
treatment, used from the 1880s through the 1940s,
was an arsenic-poisoned bait. Baiting could be done
by unskilled labor, but buying, storing, and
transporting tons of wheat bran for bait made this
costly, remote breeding sites were missed, and
sometimes the psts did noteat the bait (79). In the
1940s and 1930s, first ground, and then aerial,
spraying techniques were introduced and the per-
sistent or g nochlorines BHC (benzene
hexachloride’and dieldrin became the insecticides
of choice (34, 79). In the 1960s, dieldrin was most
often used against Desert Locust hopper bands and
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Table |-5-Examples of Locust and Grasshopper Control Methods

. Planting of security crops such as cassava

. Crop rotation

. Use of resistant or tolerant plants

. Good land management (avoidance of deforestation, overgrazing,

and heavy fallowing) o _ _
. Planting short-season crop varieties or seeding or harvesting early

Cultural methods

or reseeding
Physical methods

. Beating or trampling on the hoEeers
. Digging up egg pods or plowingfields infested with egg pods

« Scatterin graw over roosting sites and then burning 1t
. Lighting ir€s or making noise to prevent swarms from settling in

crops

. Driving hoppers into trenches and burning, drowning, or crushing

them

. Use of flame throwers

. Use of horse-, tractor-, or truck-drawn collecting machines

Biological methods

grounds

. Running poultry in crops ) )
. Use of cattle to eat off and trample grass in locust breeding

. Introduction of pathogens

Chemical methods

. Use of conventional chemical insecticides

. Use of botanical compounds, e.g., neem extracts

SOURCES: Compiled in Dale G. Bottrell, “Locusts and Grasshoppers in Africa and the Middle East," contractor report prepared for the
Office of Technol ogy Assessment, Washington, DC, January 1989, p. 24, from: D.L. Gunn, “ Systems and Mang ement-Strategrs,
g

Systems, Vaue Ju

ments and Dieldrin in control of Locust Hoppers," Philosophical Transactions of the Rogal ‘oaeg of n,

Series B, Vol. 287,1979, pp. 429-445; C.F. Hemming The Locust Menace, Centre for Overseas Pest Research, L ondsh, 1974: J. er,
African Wildlife, vol. 41,1987, p . 197-210; J. Rofeey, ' The Effects of Changing Land Use on Locusts and Grasshppers, pp. 199-%06,
Proceedings of the International “Saudy Conference on”Current and Future Problems of Acridology, London, 1970, TAMS (‘,!i)nsultants
and Consortium for International Crop Protection, Locust and Grasshopper Control in AfricalAsia: A Prgrammatic Environmental
Assessment, Main Report, contractor report prepared for the U.S. Agency for International DevelopmentMarch 1989.

BHC against adult swarms (55). Also, BHC was
used ggainst Brown Locust upsurges in South
Africatom the late 1940s through the 1980s (52).
Dieldrin has been used against Red Locust out-
breaks since the 1950s (769?.

Initially, dieldrin and the other persistent pes-
ticides seemed to be a major technological advance.
Dieldrin, for example, remains toxic for 30 to 40
days on vegetation and longer in soil, despite rain
or sun (34, 118). Hopper bands were controlled by
spraying swathes of vegetation with dieldrin, form-
ing “barriers” in front of marching bands. Since
dieldrin acts as a stomach poison that accumulates
over time, the insects eventually ingested a lethal
dose by eating treated vegetation. Low doses were

effective and respraying was unnecessary, even if a
second hatching occurred (54, 104).

concern mounted in the 1970s regarding the
heavy use of persistent pesticides. DDT, the
prototype pe stent organochlorine, was banned by
the Unite8t&tes in 1972 and dieldrin came under
increased scrutiny. Studies in developed countries in
the 1960s showed substantial traces of dieldrin in
human tissue. High levels of dieldrin are known to
cause convulsions in humans and the chemical is
responsible for 13 recorded deaths (104). The
evidence of dieldrin’s carcinogenicity is strong in
mice, weaker in other experimental animals, and
inconclusive or negative in humans (17, 104, 137).
EPA canceled most dieldrin uses inthe United States
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in 1974 and European countries also banned its
use. EPA cited dieldrin’s carcino enicity, bioac-
cumulation, hazards to wildlife, afb other chronic
effects (134).

USAID routinely sponsored overseas USI pés-
ticides in the 1970s that EPA banned or restried for
use in the United States. In 1975, four environmental
organizations sued USAID for failure to prepare an
environmental impact statement (EIS) on these pes-
ticide uses, as required by the 1969 National Enwviron-
mental Policy Act. USAID, in r&eponseEze ed an
EISin 1977 and issued a pesticide policy the followin
year prescribing how pesticides should be treated in
USAID activities (8. Since the 1978 publication of
Regulation 16 (22Federal Code of Regulations Part
216), the United States has required environmental
assessments prior to approving purchase or use of
pesticides overseas with U.S. funds. The
chlorinated hydrocarbons dieldrin, lindane, and
BHC could neither be purchased nor used in U. S.-
supported efforts. USAID environmental offices in
Washington approved individual USAID missions
requests for various insecticides depending on what
was known at the time (43) Beginning in 1977,
various amendments to theforeign Assistance Act
further required that USAID consider the environ-
mental impacts of its overseas projects and specifi-
cally undertake activities to maintain and restore
natural resources in developing countries (127).

The USAID dpolicy orpeticides served as a
model for other donors forceveloypng regulations
on their use of pesticides in Thirgvorld countries.
The World Bank promulgated Guidelines for the
Selection and Use of Pesticides in Bank Financed
Projects and Their Procurement \When Financed by

the Bank in 1985, developed with the assistance of
the United States. In the same year, FAO passed
an International Code of Conduct on the Distribu-
tion and Use of Pesticides.

Thetype of insecticides used in African locust and
grasshopper control programs has shifted markedly
away from the persistent 0ganochlorines (dieldrin,
BHC, aldrin, and lindane) a though some use con-
tinues {@ble 1-6). At least one-half of OTA survey
res ts identified the use of BHC, dieldrin, and
linche in the past but on lgée or two respondents
indicated their current use. Some European countries
still alow the use of lindane, closely related to BHC
chemically (12). The insecticides most commonly used
for controlling grasshoppers and locusts in Africa are
fenitrothion and malathion (10). These organophos-
phates are principally contact insecticides with short
residual action (2 to"3 days) (118).

Most donors have requirements to purchase
pesticides from domestic companies (“tied aid™),
and USAID did so, by and large, even though

urchases funded with OFDA money are exempt
rom these provisions due to their emergency na-
ture. Fenitrothion, introduced by Sumitomo and
independently by Bayer, is Japanese-owned and
manufactured in the largequantities needed for
locust control in Japan andkurope. Malathion is
manufactured in the United States and elsewhere.
Dieldrin is no longer produced in significant quan-
tities in the United States, where it was developed,
or in Europe. Thus, malathion was a major com-
ponent of U.S. donations.
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Table 1-6-Insecticides Used Presently and in the Past Against Locusts and Grasshoppers in
Africa and the Near East

Insecticide Present use
Commercial FAQ" OTAS OTA® LHB
Name name?

Aldrin X X
Alphacypermethrin Fastac X
Alphamethrin X X
Arsenic compounds X
Bendiocarb Ficam X X
BHC, Benzene

Hexachloride X X
Carbaryl Sevin X X
Chlorpyrifos Dursban X X
Darslean X
DDT X X
Dichlorvos DDVP X
Deltamethrin Decis X X
Diazinon Basudine X X X
Dieldrin Ensodil X X
DNOC X X
Esfenvalerate X
Fenitrothion Sumithion X X X

Folithion

Fenvalerate X
Heptachlor X
Isobenzan X
Lambdacyhalothrin Karate X X
Lindane X
Malathion X X
Para-oxon X
Parathion PenCap X
Propoxur/Phoxim Undine X X
NOTES:

“Illustrative examples, since many commercial brands exist.
*FAQ’slist of pesticides are those used on a substantial scale for Desert Locust control.

‘ Pefsﬁlh%t des listed are those that OTA’ S survey respondents indicated as currently used for locust/grasshopper control, regardless of the scale
0 use.

‘Insecticides no longer used for either locust or grasshopper control.

SOURCES:
FAO: U.N. Food and Agriculture Organization, Emer, cn& Center for Locust Operations, “Pesticides for Desert Locust Control: June 1989
Update." African Locust Bulletin, % 14/89. June f& , PP. 6-7.
OTA: Responses to OTA survey, 1988. * * °°
HR- /Qtefdman. lA The nrgﬁgandboolc .ondon: Overseas Develcopient Natural Resources Institute), 1988, p. 119.
ame/commercia » LocustKrasshoj fabg?agenwm: ions Guidebook (Washington, DC: January 1989), pp. VI11-4-5,
, P. 1.

names:
and PRIFAS, SAS Newsletter, No. 8, Aug. 7, 19
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Chapter 2
What |s The Problem?

VARYING PERCEPTIONS OF THE
PROBLEM

Finding: Many views exist on various aspects of
locust and shopper problems but these have not
been widely debated nor resolved. Instead, many
host-country and donor policymakers base control
policies and programs on certain assumptions: that
locusts and grasshoppers are a serious problem, that
pesticides are the way te control them, and that con-
trol programs have substantial benefits for most
farmers and herders. OTA finds these assumptions
questionable.

Locust and Grasshopper Outbreaks as
Disasters

To many, especialy the generapublic, the
recent upsurges of locusts and grashoppers in
Africa seem topose a major threat to that
continent’s alreaq}; precarious food security. The
New York Times proclaimed: “L ocusts Threaten
Sub-Sahara Africa With Famine” (April 24, 1988,
p. 14) and “The Cloud Over Africals Locusts’
(November 11, 1988, p. A3). This perception is
one of large swarms of resects, stripping vast areas
of vegetation. Also, people assume that these in-
sects are the most damagng pests facing African
farmers and herders atﬁhe problem seems un-
solvable because, after all, locusts have caused
@agues since biblical times. In many minds, these
resect outbreaks are inevitabylinked to famine
and the popular press has rein forced this view.

Many aspects of the public policy response to
locust and grassho,oper problems match this per-
ception. For example, the U.S. Agency for Interna-
tional Development (USAID) organized a special
Desert Locust Task Force within the Office of
Foreign Disaster Assistance (OFDA) to manage U.S.
contributions to control efforts. Earlier locust and
grasshopper outbreaks had been treated in much the
same way, with specia control efforts, by donors and
regional and nationa organizations. The contribu-

tions of donors, $275 million from early 1986

through mid-1989, reflect this view of averting
plague-induced disaster.

The resources committed by USAID, $59 million
from fiscal year 1986 throug_h fiscal year 1989, indicate
the high priority given to this officialy declared emer-
gency.

Many within the expert community, especially
those who work with grasshopper and locust control,
agree with thisassessment of the disastrous impact of
locusts and grasshopper on African agriculture. The
problem is perceived as serious enough to warrant
specialized attention and to mobilize substantial
donor and host country resources. Most people who
responded to OTA’ S survey (app. B) noted that locust
and grasshopper problems are "very serious’ in the
areas with which they are familiar, with the 1986 to
19890utbreakbeingas serious as any on record Also,
approximately one-half of the respondents rank
locusts as the most serious pest in their area.

Certainly locusts can devastate vegetation over
sizable areas, especiallz swarms are moving slowly
and stay in one placefar severa days. The potential
for national-level drops in agricultural production
exists if swarms affect areas crucial to a country’s
economy. Any loss of food crops to locusts or
grasshoppers puts some people at risk in localities
wheregod supplies ar precarious.

For example, the African Migratory Locust
destroyed 50 percent and 40 percent, respectively, of
Kenya's wheat and corn crops in a peak infestation
in 1931 (15), although this level of loss did not
occur in the recent upsurge. In northwest Mali,
Crop osses to gralsglé%p)prs were estimated atd20
to & percept m espite spra esticides
on 9(§)()‘krr#1 and, in 1986, sosr%e g?rgneprs’ millet
crops were destroyed three times before they
eventually abandoned some fields or planted sor-

hum instead because of its resistance to these
resects (93). The Variegated Grasshopper can

ICertain a%_)ects of OTA’ ssurvey n;%mve led respondents to exaggerate the magnitude ofthese problems: some questionswere not precise

enough regarding the time and geogr

be serious are those most likely to complete a lengthy form; many of the respondents are affiliated with locust and grasshopper control

and the questionnaire was sent at the peak of therecent upsurges.

c areas of outbreaks; the response rate was low (2Spercent) and people who perceive the |problem to

programs;
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cause up to 65 percent yield loss in cassava if it
strips leaves, bark, buds, and shoots late in the
season (93).

Overview of the Debates

Other experts, commonly entomologists who
are not involved in control efforts, makequite a
different assessment of the threat posed by locusts
to African food security. They suggest that the
severe, localized nature of these outbreaks almost
ensures that their importance be improperly exag-
gerated relative to other pest problems. These
experts note that locusts and grasshoppers occur
in large swarms infrequently. For example, out-
breaks occur often, but upsurges that lead to a
plague are rare (93). In this, the analogy to a
natural disaster such as a tornado is apt. In a given
location, the situation may be disastrous but the
impact, measured over awider area and/or for a
longer time period, may have little significance.

Thus, many in this second group of experts
conclude that current public policies are based on
questionable-or faulty assumptions. A significant
number of OTA’S contractors and reviewers
agree, in general, with this position although they
hold a range of views on specific aspects of the
problem.

Assumptions provide a needed basis for
preliminary answers to impgant policy-related
questions m the absence (fpi(é iable data and:

... the experience of using insufficient data that are
of uncertain quality to make critical determinations
about the use of scarce resources, is nothing new in
the Third World. (72, p.2)

Unresolved, major discrepancies in how experts
view locust ancgrasshopper problems nowhow-
ever, have signiticant repercussions for congres-
sional and other [plicy decision making.
Moreover, the lack ofdebate on important issues
outside a small group of scientists and control
experts means that those who see the situation as
disastrous, warranting massive spraying, often
carry the day.

Specific, significant areas of debate include:
1) the insects’ impact on foocpreduction; 2) the
importance of locusts and grasshoppers in relation

to other pests; and 3) whether or not these insects
cause famine. Experts' judgments differ, too, con-
cerning 4) the effectiveness of current control
Programs based exclusively on the use of chemical
insecticides, 5) the relative roles of climate and
control in bringing about declines of insect
upsurges; and 6) whether the benefits of control,
in terms of crops saved, exceed the costs of control.
Experts differ, also, in their opinions onthenature
and severity of costs in terms of 7) human health
and safety and 8) environmental impacts. People
also disagree on 9) how control efforts should be
organized and what strategies should be followed.

LOCUSTS AND GRASSHOPPERS
IMPACT ON FOOD PRODUCTION

Finding: The link between locust and grasshop-
per upsurges and food shortages or famine is ques-
tionable. In fact, locusts and grasshoppers are
relatively MiNOr pests in terms of overall crop losses,
although they can devastate local areas for short
periods of time. Thus, the high priority given to locust
and grasshopper control programs is unwarranted.

Do Locusts Cause Famine?

USAID, like others, justifies its locust and
grasshopper control programonthebasisof avert-
mg famme. The T98W&.ID L ocust/Grasshopper
Strategy Paper defines the purpose of the strategy
as.

... dealing with one of the most serious exogenous
factors adversely affecting agricultural production:
the cyclically recurring infestations of locusts and
grasshoppers, which can result in significant crop
losses and periodically lead to plague and famine
conditions in many parts of Africa. (113, p.1)

More recently, USAID stated that the goa of
its $22 million African Emergency Locust
Grassh(Jggr Assistance (AELGA Jroject, fiscal
years 1987 through 1989, is “to contribute to the
improved nutritional status and well being of
Africans by reducing the threat of locust and
grassho per plague-induced famine, and its as-
sociatefeconomic and socia suffering.”

Key data are missing, but historical analysis
(16) and recently acquired data (72) suggest that
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what is Often considered fact-the connection be-
tween swarming insects and famine-is actually a
questionable assumption.

Crop loss from locusts and grasshoppers may
be severe in certain areas without having sig-
nificant impact on nationa crcp production.
USAID country reports reved little overall crop
damage by Desert Locusts during 1988, the height
of the recent pague—crop losses of 2 percent in
Sudan and a%i with some localized severe
damage —and minima or negligible losses in
Nigi]er,d?ad (117), and Algeria(8§). The authors
of the Chad case study claim that dffective control
was the reason for the small losses, but also admit
that no system exists for reliably evaluating crop
damage by locusts.

The insects’ impact is highly dependent on a
number of variables, including the number of in-
sects present, how long they stay in the area, and
the amount each insect eats (16). However, the
stage of crop development also determines the
amount of crop loss. Total crop loss usually occurs
only if the insects attack at certain stages in cro
development. Young grain crops are highly vuk
nerable but replanting maybe possible if they are
destroyed early. Damage to more mature crops is
usually lower until just before grains begin to
ripen; nevertheless, a swarm can causpartial or
total crop loss (%) . At other stages,cgma 2 is
substantintyless. br example, one study ctg:';he
African Migratory Locust's effect in Kenya
showed that the pest caused 100 percent yield loss
when attacking very young or floweriig corn, 20
percent yield loss on corn with unr;Fen ars, and
no yield loss on corn over 30 cm tall (139).

Economic losses also depend on whiclplant
species and what part of the plant locusts d¥eet,
e.g., consuming grain or folisgge or breaking
branches due to their weight.Gain crops are
highly susceptible at the “milky grain" stage and
100 percent yield loss may occur if even low den-
sities of locusts or grasshoppers attack then.
Studies on the impact of locusts on sugarcane
yields in severa countries showed that the highest
recorded croploss was due to Red Locusts in
Mozambiques sugarcane fields, where yield was
reduced by an estimated 33 percent in 1934 (95).
Sugar-cane losses of 12 to 18 percent were more
usual (in South Africa in the 1950s and the Philip-
pines in the 1930s, but inone case yield increased
after defoliation(®5). Also, the weight of roost-

ing locusts may break branches of trees, affecting
future yields of valuable commercia crops.

As a result, crop losses are unevenly dis-
tributed in space and time, even during upsurges.
Within affected areas, sometimes all vegetation is
stripoeal, especialy in sites such as breediig areas

traditionally infested areas, e.g., in Sudan,
Ethiopia and Somalia, or when unusual weather
conditions trap locusts in one spot for an extended
period of time. In most infested areas, however,
damage is less than total and uneven due to
swarms mobility and other factors.

Comparatively small areas of the total area
infested tyDesert Locusts experience losses in
excess of O percent (16). This occurred in the
1954 through 1955 season when nearly 9Ypercent
of the total reported damage was in a smal part of
southern Morocco and in 1958, when a higher

rcentage was concentrated in two small areas in

thiopia, causing severe, but localized, economic
losses (16). The U.N. Food and Agriculture Or-
ganization (FAQO) speculates that, on average,
crop damage does not exceed 5 percent over the
Desert Locust’s whole invasion area during a
plague (12). However, data to verify this percent-
age would be difficult to obtain. Grasshoppers,
the Senegalese Grasshopper in particular, caused
more generalized and heavier damage than locusts
in recent years (12). No areas within nine West
African countries studied have been affected
severely enough by locusts angrasshoppers to be
abandoned by cultivators (95), thus illustrating the
temporary nature of damage.

The location and timing of grasshopper and
locust infestations, along with the food preference
of the species involved, means that damage is not
evenly distributed among different types of
farmers and herders. For example, orange trees
were severely attacked by Desert Locusts in
Morocco’s Seuss Valley in late 1954 and early
1955, so commercial growers were hard hit. But
the Senegalese grasshopper adversely affects most
of the mallet- and much of the sorghum-growing
areas of the Sahel (71) and, thus, subsistence
farmers bear much of the damage.

Some insect species prefer grains and pose a
ﬁreater threat to farmers than herders. Generally,
erders seem to be less affected by locust swarms
than farmers, probablybecause swarms occur
when rainfall is plentiful. thus providing abundant
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vegetation for grazing. Also, herders often can
move their herds from damaged areas. Locusts and
grasshoppers are more likely to affect herders ad-
versely it théir movement from devastated areas is
restricted or if overgrazing already has reduced
grass cover (95).

Substantial crop damage mey'rad to local ad-
verse impacts on food security. Beyond this, little
can be said with much certainty. Locust and

rasshopper damage contributed to 1986 and 1987
ood deficits in some countries but perhaps no
more than other factors (72). In 1986, FAO es-
timated that crop losses due to locusts and
grasshoppers in nine Sahelian countries was $31.0
million, 1.5 percent of the total value of agricul-
tural production or 1.0 percent of total production.
The relationship between this figure and that of
other years or other outbreaks is not known (95).

The damage associated with locust and
grasshopper outbreaks often results from the in-
teraction of multiple adverse factors over time in
addition to large numbers of insects: drought, loss
of vegetation, civil strife, economic stagnation, etc.
Most of these factors also contribute to famine or
food shortages. Therefore, the impact of locusts
and grasshoppers alone is difficult, if not impos-
sible, to determine. On a countrywide basis, the
recent locust or grasshopper upsurges did not have
the negative impact that a drought would produce.
Generally, the aggregate amount of damage
reported was much kss than feared and the losses
were on the scale of localized, perhaps near-nor-
mal stress rather than nationa ealamities (table
2-1). Some observers report that locust and

rasshopper outbreaks often do not result in even
ocal food shortages, because of replanting,
regrowth of vegetation, use of resistant crcps sug
as cassava and, especially, help from rgibors or
relatives. Thus, the “popular image d a locust
outbreak leadingo famines seems to have little or
no basis in fact. (95)

Famines have con?ex causes, as shown by
recent examination of:amines in Ethiopa from
1972 to 1974 (87) and the Sahel from 1 to 1973
(86). Drought may set the stage, but other factors
determine which groups are affected and by how
much. The problem is more one of food distribu-
tion and food access than food production, since
food shortages alone do not ejain starvation.
Neither aggregate food availabiﬁaty nor average
consumption of food per person declined sig-

nificantly in Ethiopa during one of the worst years
of the famine (87). Apparently people starved
because they could not afford to bityfood from
outside the area when their own &rm output
declined. Pastoralistswere particularly hard hit in
Ethiopia and the Sahel, but sgcial, economic, and
political factors, not the severity of drou ht, deter-
mined this. For exam le, the growth d commer-
cial agriculture reZuced herders’ access to
dry-season grazing areas in Ethiopia. In the Sahel,
too, herders’ traditional methods of ensuring
against famine broke down: high taxes meant
fewer herders could afford to store animals on the
hoof; wildlife populations had declined so much
that hunting could not replace domesticated
animals; growing commercialization of agriculture
had disrupted arrangements by which herders
traded with farmers for access to cropland for
dry-season grazing.

Given the compexity of such interactions, it is
unlikely that the ro e locusts angi rasshopper. play
in famine could be assessed wht aggregatefood
?reduction data rather than information on local
ood availability. Data on local crepproduction
losses and local shorteges is essential but does not
seem to exist, especially for food crops. Even na-
tional aggregate data commonly are only es-
timates. ust and grasshopper control has taken
place sporadically for decades and numerous or-
ganizations have been involved in this work. Yet
the damage caused by these insects has not been
documented accurately.

... the data is [sic] fragmented and episodic, reflect-
ing outbreaks that were sufficiently large to merit the
attention of an international agency or a govern-
merit. ... There exist no accurate crop yield and/or
loss data for most of the area subject to attack by
locusts. (95)

In 1987, Oregon State University began
USAID-funded work to improve the assessment
of losses due to these insects. However, USAID’s
expectation that the International Plant Protec-
tion Center, using a computer model, could deter-
mine crop losses among several other objectives,
proved overambitious. Most of the required data
were spotty, unavailable, or unreliable and, thus,
the model could not produce an improved crop
loss assessment (99).

The number of variables involved complicates
estimating potential crop losses and helps explains
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why the authors of so many published estimates of
actual crops losses do not describe their methodol-
ogy, having arrived at estimates subjectively.
Measuring crop loss is difficult for migratory pests,
especially the Desert Locust; people have made
attempts in the past-and failed. Breeding areas
are remote with access further limited by civil
strife; upsurges can be large and widely scattered,;
and locusts are very mobice (16, 79). erienced
observers can estimate severe crop losses ac-
curately in the local areas with which they are
familiar, but miss more subtle yield reductions
caused by these insects (16).

Pest Problems in Context

The relative importance of grasshoppers and
locusts compared to other pests has not been
determined precisely. Grasshopper and locust
losses may be significant in some years. Yet com-
pelling evidence does not exist that they cause
worse losses than other pests (37, 72, 95). For
instance, plant protection experts often assume
that all types of preharvest crop losses in the Sahel
region are as great as 30 percent but sometimes
larger. Of this, grasshoppers maybe responsible
for 5 to 18 percent of crop losses each year (72).
In 1986, grasshoppers were considered a major
problem and large-scale control programs were
undertaken. Yet the 1986 crop production losses
caused by grasshgppers seems to be below this
normal range (tallee 2-1). These data, coripiled
for the Famine Early Warning System (F are
the best available, although somewhat unreliable.

However, the 1986 FEWS data correspond
with earlier estimates, m%rgl made beforelarge
control-campaigns existed. Compilations of
reports on damage to crops and livestock in 40
countries during major Desert Locust plagues
were made by the Anti-Locust Research Center in
London for 1925 through 1934 and FAO for 1949
through 1958. Analyzing this information, F.T.
Bullen found that the Desert Locust caused, on
average, about 1.4 percent of the overall crop loss
due to insects in the same area (or about 0.2
pgrcent of the total crop production) and only
about 4 percent in a peak plague year (or, onl
about O.ge ercent of tF())taI 338 prgductgon). H)e/
concludeq, “Locusts and grasshoppers, even at
their worst, constitute only a very small proportion
of the overall crop protection problem.” (16)

In fact, weeds cause greater food crop losses
in Africa than insects-15 to 35 percent of potential
production depending on crop (millet, sorghum,
rice, or maize) versus 10 to 20 percent, according
to a standard reference-and locusts are not a
major insect pest when examined overtime (25, as
cited in 95). OTAreviewers concurred, noting, for
example, that birds are the worst pest (32), the
weed Striga costs farmers more losses (31), and the
armyworm causes losses to cereal crops up to 30
percent in Zimbabwe in some years (61).

Finally, losses due to pests also must be placed
in context-many other factors cause economic
losses for farmers. For example, postharvest los-
ses often account for a significant portion of
sEgiled production. In 1987.in West Africaand
the Sudan, despite severe grasshopper infesta-
tions, losses to farmers due to inadequate market-
ing and storage facilities were greater than those
caused by insects (12).

THE EFFECTIVENESS OF CONTROL
PROGRAMS

Finding: The efficacy, efficiency, and equi-
tability of locust and grasshopper control programs
are undocumented or rely largely on anecdotal infor-
mation. \While insecticides undoubtedly kill insects
and can protect standing crops, insecticides ’ability to
end or prevent plagues is not clear. Nor have the
economic benefits of control programs been
demonstrated convincingly, especially for the low-
resource farmers and herders Who are most vul-
nerable.

The stated goals of control programs include
preventing famine, saving crops and livestock, and
preventing and ending plagues, but the link be-
tween the pesticide spraying campaigns and
achieving these goals has not been demonstrated.

Control v. Climate

Many insecticides are effective for killing
locusts and grasshoppers (95). However, the
relationship between insect mortality and prevent-
ing crop or forage losses, in the area sprayed or
distant from it, is uncertain. Also, it is not clear
whether control campaigns prevent a plague from
developing, hasten the end of a plague, or do not
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Table 2-1-Crop Production Affected by Grasshoppers, 1986 (thousands of metric tons)

Gross Production lost b b
Country production to grasshoppers Production saved Production affected
1,000s MT Percent 1,000s MT Percent 1,000s M T Percent®
BurkinaFaso  1,917.0 8.3 <1 91.5 5 99.8 5
Chad 685.0 24.0 4 30.0 4 54.0 8
Ethiopia 6,504.0 0.5 <1 05 <1 1.0 <1
Gambia 144.0 1.0 <1 1.0 <1 2.0 1
Mauritania 125.0 10.0 8 10.0 8 20.0 16
Mali 1,780.0 30.0 2 30.0 2 60.0 3
Niger 1,807.0 108.0 6 108.0 6 216.0 12
Senegal 964.0 50.0 5 70.0 7 120.0 12
Sudan 4,300.0 9.2 <1 9.2 <1 185 <1
All 18,226.0 241.0 14 350.2 1.9 591.3 3.2
NOTES:

®Original data from USAID, FAO, CILSS/FAO.
Origindl data from FAO, FEWS estimates.

‘Percents lost and saved do not always equal percent affected due to rounding errors.

SOURCE: Price, Williams & Associates, “1986 Grasshopperand Locust | nfestations, FEWS Special Report No. 1,contractor report prepared
for U.S. Agency for InternationalDevelopment, March 1987, pp. 4-12.

affect it. Some note the danger of broad-spectrum
insecticides killing natural predators of these in-
sects and the potential for developing pest resis-
tance (which has not yet been known to occur for
locusts). Inthese cases, insecticides could increase
threats from locusts and grasshoppers indirectly.

Experts point out that control with chemical
insecticides is the only effective method presently
available for preventing locust and grasshopper
outbreaks from becoming widespread %34, 38, 95).
Generally, grasshopper control is considered less
effective (95).

Some credit monitoring surveillance, and con-
trol methods developed after World War Il with
reducing the duration and incidence of some
species plagues or of reducing the intensity and
gi]eographic size of other species outbreaks when
they do occur (54, 93). They contend that control
efforts polonged recessions between plagues of
the ReadLocust (5), the African MigratryL ocust
(2), and the Desert Locust (79). Generaaly, how-
ever, anaysts admit that evidence was sometimes

incomplete and circumstantial and that control
sometimes has not been effective (4).

FAO contends that present control measures,
properly applied, can prevent upsurges from
developing intopagues or considerably shorten
the duration ofttose that do develop (12). Fur-
thermore, the failure to mobilize adequate
resources and the inaccessibility of target areas,
rather than ineffective methods themselves,
caused several missed opportunities to prevent the
Desert Locust upsurges from develcping into a
\évidﬁspread plague in 1987 and 1988in"AQ’s view

106).

Others find, however, that control efforts have
had negligible impacts on plague populations and
that their decline is due amost entirely to natural
causes (135). Support for this view comes from
reviewing past Desert Locust and Brown Locust
plagues. Plagues occurred for both insects at times
when chemical control measures were used exten-
sively (9, 52). For example, the Desert Locust
plague from 1949 to 1%3 (when chemical controls
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were being deployed) was no less intense and
lasted twice aslong as plagues earlier in the cen-
tury, which occurred before these control
techniques were available (138, figure 1-3).

Climate is known to have a controlling effect
on many aspects of locust and grasshopper be-
havior. Most believe that climate can retard
locusts andgrassho tgt;rs as much as control (95).
But some believe that climate alone controls in-
sects and that locust plagues end whether they are
treated or not (135). If so, locust upsurges could
be alowed to run their course at considerably less
financial and environmental expense than current
massive interventions. Such an approach would
be analolg)us to the U.S. Forest Service’s practice
of usually letting forest fires bum, except where
fires threaten lives or homes.

Not surprisingly, OTA’S reviewers similarly
have points of view ranging from insect declines
are entirely due to weather (63) to the control
program was the major factor m curtailing the
plague (44). Others (61, 79) believe that control
campaigns definitely sppresyp lague develop-
ment and hasten the faapphgue, but admit
adverse weather may play a crucia role.

As a result, several conclusions are possible:
“the question of whether the decline of the plague
was due to [human intervention] or . . . nature
remains unresolved” (71). Or, “Thereisno firm
evidence that control campeigns have dppreciabl
affected the declines’ (9). The French researc
agency PRIFAS conjectured that 20 percent of the
Desert Locust population was destroyed by con-
trol effortsin late 1988 and early 1989,30 percent
perished in storms over the Atlantic, 30 percent
were killed by low temperatures, and 20 percent
by insufficient rainfal (76). FAO’s Bralef (13)
concluded that:

While climate appears to be the dominant factor
determining the fate of tocust plagues, chemical con-
trol may playan important role at least on the nation-
al scale.

_Currently, FAO is supportiigresearch by the
British Overseas Devel opmeniNatural Resources
Institute examining the roles of weather and con-
trol in the sequence of events leading to the up-
surge, spread, and decline of the Desert Locust
plague between 1985 and 1989. The scientist
coordinating that research said:

The usual view of those involved in control cam-
paigns is that control measures are key in ending
plagues. The moreobjective view-that of most SCien-
tists not involved in control-is that weather is key,
that weather has as much if not a greater role than
control. (54)

Key data for resolving these differences of
opinion regarding the impact of control prgnms
are lacking. This includes accurate surveys otz the
numbers of insects present in a given location and
time during an infestation; baseline numbers of
insects present during recessions; the percent of
total production actually at risk; the actual amount
of damage done to crops and other vegetation; the
impact of this local damgeon local and aggregate
crop production. Similar%, specific information is
needed on weather and control variables. For
example, experts at a 1988 World Meteorological
Organization workshop on meteorological con-
tributions to locust control stressed the need for
more case studies as well as improved coordination
between weather and locust control operations
(112). This missing information is key to making
informed decisions regarding whether chemical
control efforts are economically justifiable, where
resources should be directed and when, the ap-
propriate nature, timing, and quantity of emergen-
cy aid, and the amount of preparation needed to
meet threats in succeeding years (73).

However, historical data can support
Erevisional decisions and some data syntheses
ave been completed (e.g., 4). Based on these, it
appears that, in somepaces and at certain times,
certain kinds of contro may help break a sequence
of events that could lead to a widespread insect
upsurge; under other circumstances, control can
have negligible impact. For example, a Kill rate of
95 percent might be required over a vast area when
weather favors insect build-up; once rains decline,
a lesser effort properyadministered, can hasten
what nature started ©%). Other generalizations
regarding the effectiveness of locust control are
highly suspect and some costly decisions are being
made with little data to support them.

“Pesticides of Choice” and Thair
Effectiveness

In August 1988, USAID waived Regulation 16
and identified malathion, carbaryl, and
fenitrothion as the “ pesticides of choice” and listed
others that could be used in locust and grasshop-
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per control (table 2-2). As aresult of the waiver,
USAID was not required to prepare an environ-
mental assessment beforeg:s'sticide use. The
waiver was justified on thebasis of a declared
emergency and other environmental research

lanned and underway. For instance, the A encfxlf
Kad contracted with TAMS Consultants, Inc. (wit
technical input from the Consortium for Interna-
tional Crop Protection (CICP) headquartered at
the University of Maryland) toconduct a Pro ram-
matic Environmental Assessment regardingfocust
and grasshopper control throughout Affica and
Asa

Also, USAID contracted with a private firm,
Dynamac, to conduct trials of 6 to 8 insecticides for
their efficacy; impact on nontar et, beneficia or-
ganisms,; and residues in soil an on vegetation in
Mali (against the Senegalese Grasshi)&per) and
Sudanaggainst the Desert Locust) in 187through
1988. It was known that the relative effectiveness
of various ingredients, formulations, and applica-
tions of insecticides must be assessed under field
conditions and balanced against harmful effects,
but this had not been done adequatay. USAID
hoped that the Dynamac trials woul dfill in some
of these gaps.

With the reinstatement of Regulation 16 in
August 1989 and based on the completed
Programmatic Environmental Assessment,
USAID expanded the number of insecticides that
could be purchased or used-most with a number
of restrictions and qualifications-to include
propoxur, acephate, and cypermethrin (122).

USAID’s approval only overlapped in part
with the Environmental Frotection Agencys
(EPA) list of pesticides registered for use in ie
United States against grasshoppers and locusts.
EPA registers malathion, carbaryl, diazinon, lin-
dane, acephate, chlorpyrifos, and tralomethrin
(withZyue) but not some others commonly used
in USAD-approved locust control efforts, eg.,
fenitrothion and propoxur. USAID’s list allowed
the United States to match other donors ap-
proved pesticides more closey., at least for the
major chemicals. However, lakof clarity existed
in the field about which were best and why some
pesticides agproved for use in the United States
were disallowed overseas. Advice from
Washington regarding thespolicies was some-
times too slow in coming ad voluminous to be
helpful (120).

No single organization seems able to provide
complete or accurate information on the quan-
tities or types of pesticides used in Africa for any
purpose, and some past estimates are known to be
Inaccurate (95). However, indications are that the
total amount of pesticides used in 1986 to 1989 for
locust and grasshopper control was formidable.
Insecticide use seems to vary widely among
countries, rangng from 34 to 1,014 metric tons in
7 individual Sahelian countries in 1986, for in-
stance (95), and between regions. In 1988, the 4
northwest African countries of the Maghreb
region used 11 million liters of insecticides and the
4 most affected Sahelian countries, 2 million liters,
at atotal cost on the order of $100 million (109).

Fragmentary data exist on the total amount of
insecticides supplied by donors during the 1986
through 1989 locust and grasshopper control cam-
paign, but it is not clear how accurate these figures
are. Donors provide the same pesticide indifferent
formulations so figures are difficult to summarize
and compare. Also, FAO'S information does not
include the amounts of pesticides purchased by
African governments; these amounts are sig-
?ifzi)cant in the Maghreb but negligible in the Sahel

12).

U.S. assistance during the ast campaign con-
sisted principally of pesticiZes, airplanes, and
equipment for sprayt ng (figure 2-1). The United
States provided 605,518 liters and 450 metric tons
of insecticides in 1986 and 1987, according to the
OFDA database (table 2-3). This was mostly
malathion, carbaryl, and lesser amounts of
propoxur and fenitrothion, at a cost of ap-
proximatey$3.2 million. Apparently, carbaryl was
purchased bitnot used (99) because spree African
officials doubted its effectiveness and wanted
quicker-acting chemicals.

The United Statesexerrpisemergency efforts,
i.e., those supported by from “tied aid”
provisions, but these requirements apply to pes-
ticide choice for longer-term efforts, e.g., those
funded by USAID missions and bureausforwhich
waivers are more difficult to obtain. In fact, most
OFDA funds spent on pesticides went to U.S.
manufacturers.

The use of U.S. manufactured pesticides and
U.S. procurement requirements affected pesticide
selection, control costs, and the speed”with which
pesticides reached Africa. USAID usually selected
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Table 2-2-International Registration Status of Locust/Grasshopper Insecticides in Selected
Developed Countries

United States
Approved Registered  Registered
by AID® by EPA’ by EPA for
West grasshopper/
Insecticide ~ Canada!  France? UK.? Germany” locust*
Main:
Malathion Yes Yes Yes Yes Yes Yes Yes
Carbaryl Yes Yes Yes N/A Yes Yes Yes
Fenitrothion Yes Yes Yes N/A Yes Yes No
Propoxur Yes N/A Yes N/A No Yes No
Diazinon Yes Yes Yes Yes Yes* Yes Yes
Lindane Yes Yes Yes Yes No Yes Yes
Dieldrin No No No No No No No
Acephate No Yes N/A Yes No Yes Yes
Others:
Bendiocarb
(Ficam) Yes Yes Yes Yes Yes* Yes No
Chlorpyrifos
(Dursban) Yes Yes Yes Yes Yes* Yes Yes
Cyhalothrin
(Karate)® No, N/A N/A N/A Yes* No, No
(pending) (pending)
Tralomethrin
(scout) No N/A N/A N/A Yes* Yes Yes,
in combo
with zylene
Cypermethrin ~ Yes Yes Yes Yes No Yes No
Carbosulfan No Yes Yes N/A No Yes No
NOTES:

N/A = not available.

o Approved with the qualification that use be monitored or justified. ) i

‘No aporoved common name exists for Karate, a trade name for a synthetic pyrethroid, according to Fann Chemicals Handbook 1989
(Willoughby, OH: Meister Publishing Co., 1989).

SOURCES:
1 E)r. Peter1 983?”3“ Chemical Evaluation Division, Bureau of Chemical Safety, Food Directorate, Ottawa, Ontario, Canada, KIA OL2,
anuary 3. o o , o

2. European Directory of l\ﬁrochcmical Products, Part 3, Insecticides and Acaricides, Roya Society of Chemistry, The University,
Nottingham, England, NG72RD, 1984.

3. Insecticide approved from Aug." D, 1988-Auglb, 1989. Charles Gladson et a., “Waiver of Pesticides Procedures for Locust/Gras-
sh%pper.ControI Programs in A %«‘R and ANE Jegions," action memorandum for AID Administrator, Aug. 15,1988, Attachment A pp.
6-7. This differs from direction on pesticide selection in the Locust/Grasshopper Management Operations Guidebook (1989). New
information requires that the list be updated constaniy. )

4. TAMS Consultants and Consortium for Internationakrop Protection, Locust and Grasshopper Control in AfricalAsia: A Programmatic
Environmesental /ssessment\NMiainRRYOr't, contractor report prepared for USAID, March 1555' p. D-56.
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Figure 2-1-Uses of U.S. Assistance for Locust/Grasshopper Control:
$7.5 Million in Fiscal Year 1987

Technical asslstance

20%
Pesticides
36%
X J
X
Equipment
7s

Plan.. and helicopters
37%

SOURCE: John Gelb, Office of Foreign DisasterAsistance, USAID, “U. S. A.LD. Support, Desert Locust Task Force, FY1987," June 22,1989.

Table 2-3-Pesticides Purchased With USAID Funds for Locust/Grasshopper Campaign:
Fiscal Years 1986 and 1987

1986' 1987°

Pesticide Value® Volume* Value® Volume*
Carbaryl 0 0 258,802 %,690 L
217,739 50 t'
Fenitrothion 260,000 50,000 L° 205,000 5,000 L
Malathion 199,305 60,000 L 1,382,959 393,828 L
Propoxur 0 0 600,000 4o0t

Unspecified 115,000 N.A. 0 0
Total 574,305 110,000 L 2,664,500 495518 L

450 t

NOTES: N.A=Not available
bReClplent countries listed in 1986: Mali and Senegal.
Reciplent countrlesllsted in 1987: Burkina Faso, Chad, Ethiopia, Gambia, GuineeBissau, Mali, Senegal, Sudan, and Y emen.

dOfu:n ‘value” includes thecost of ocean and/or air frei ght
Active ingredientsvary considerably (e.g., between 1 and 4 pounds per liter depending on the formulation).

°L=liter
‘t = metric ton.

SOURCE: Dennis King, USAID/OFDA, "O.F.D.A. Commodity/Service Report,” \Washington, DC, June 27,19809.
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malathion and carbaryl because the pesticides are
U.S.-manufactured and technical advisors from
USDA had long-term experience using them for
U.S. grasshopper control. Generaly, U. S.-
produced insecticides are more costly than those
manufactured in other countries so tied aid
provisions increase control programs’ costs (30).

Also, various USAID procurement require-
ments affectin bureau admission money, includ-
ing the need br competitive bids, were a major
cause of delaysin U.S. programs. USAID/Moroc-
co noted that approximately £ months were
needed to purchase and ship insecticides in 1988
and 1989 because of theseequirements (120). In
Chad, the insecticidal arrivdate also, but in this
case the delay was not detrimental because the
locusts had “mysteriously disappeared” (117).

Operational Effectiveness of Control

The use of insecticides may protect standing
crops from grasshoppers and locusts. However,
few detailed studies have been made of the opera-
tional effectiveness of the recent spraying cam-
paigns, e.g., insecticides’ efficacy in killing resects
was not monitored. Also, insecticides were often
used in ways that reduced or negated their effec-
tiveness (54, 99).

Incorrect application methods and careless
tar et selection reduced the effectiveness of con-
trof Some areas were sprayed too late in the day
or when temperatures or wind speeds were beyond
recommended ranges or that had aready been
sprayed. Mounting targeted control efforts was
not a priority of USAID and others during this
campaign. Some swarms were treated that posed
little threat because they were not expected to
reach croplands or because they had already laid

and their populations were in decline (54,
115). Opportunities to spray hopper bands, when
the insects are more vulnerable and concentrated,
were missed. Where hopper spraying was at-
tempted, areas needing treatment were sometimes
b%/passed or unaffected areas sprayed because
often hopper bands were not visible from the air.

This occurred, in part, because USAID, in its
1987 Strategy Paper, approved control operations
against swarms wherever they might be, rather
than emphasizing focused operations at specific
places and insect life-stages.

The 1986 to 1987 spraying program was dif-
ficult to execute due to the widespread extent of
infestations, lack of preparedness of staff, wars and
civil strife, impassabiliity of roads after rains,
donors diverging policies, lack of transport and
communications, and late ordering and arrival of

uipment and pesticides. Air shipments of sup-
plies were more timely in 1987. Y et, some 196?7
operations were not justified, necessary, or
economical. Over-dosage of pesticides occurred in
many ground and aerial operations. And parceling
out the program among many donors meant that
round support was duplicated and sometimes ef-
orts were not concentrated when and where they
were needed (95).

The Economic Costs and Benefits of Control

The economic cost of control programs varies
with insecticide, formulation, an plication
method. For example, carbaryl costs at twice
as much as malathion and fenitrothion ($4.50 v.
$2.0Cpe ha). Ground application costs ranged
from $600 to $8.50 per ha for ultra-low volume
(ULV) spraying, $8 to $12 per ha for baits, to $18
to $26 per ha for dusts in Senegal in 1986. Aerial
and ground ULV spraying cost approximately the
same per hectare. However, farmers treated only
0.5 ha p&our, the cro ppotectionservice treated
8to per hour wit%;ound spraying, whereas
aerid spraying averaged 450 to 470 ha per hour
(118). Multiengine aircraft are most costly per
hour but can cover the largest areas; using smaller,
single engine aircraft costs about $1,000 per hour.

These estimated costs for ULV spraying are
comparableto current U.S. costs of grasshopper
control, which range from $5.50 to $9.00 per ha
But these estimates assume that the pesticides are
in place where needed and do not account for the
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freight of formulated chemicals. Air freight was a
substantial cost in 1986 at the beginning of these
campigns. More realistic estimates of total donor
and ocal costs in Africa range from $15 to $30 per
hectare in 1986 (95). Thus, the actual costs of
control programs m Africa are high.

The direct benefits of control campaigns can
be assessed by estimating the value d crops
threatened, or saved. Indirect benefits, e.g., in-
stitutional development of national crop protec-
tion services, also exist but are largely
unquantifiable and, thus, not included.

The value of crops threatened depends on the
crop, with cash crops value more easily measured
than those such as sorghum and millet, grown for
direct consumption on the farm (15). Yet, much of
the invasion area of the Desert Locust in Africais
devoted to subsistence farming and herding.
Thus, the economic benefits of controlprograms
for the most vulnerable are even less clear than
those for large-scale commercial farmers. By and
large, the micro-level economic and sociological
research needed to make this determination has
not been done.

The value of crops saved is more relevant than
value of crops lost, a conclusion reached by the
1989 Programmatic Environmental Assessment
and the Anti-Locust Research Centre in London
in the 1960’s (15). However, crops threatened is
no easier to determine than crops lost.

The Programmatic Environmental Assess-
ment summarizes the best available estimates of
the costs of grasshopper and locust damage, but it
Erovides little basis from which to derive the

enefits of control. Existing measurements of
benefits are subject to wide margins of error (92,
95). Economic estimates of potential agricultural
losses to the Desert Locust commonly are based
on hypothetical calculations rather than field data
on crop losses and insect biology. Also, some un-
derlying assumptions are faulty, such as assuming
that damage is evenly distributed and total in a
given area. Or, estimates maybe based on worst-
case scenarios. For example, potential damage
from Desert Locusts in Morocco was estimated at
$125 million to $250 million in 1988, the value of
all crops produced in the Seuss Valley and
southern Morocco (115). But this estimate as-
sumed that the intensfyand scope of the damage
in 1988 would equalh at of 1954 and 1955. A

technical advisor to the Moroccan Government
present at the time believes that what occurred
then was a freak event due to unusua weather that
traped 14 immature swarms in the narrow Seuss
Valley for 6 to 8 weeks and its probability of recur-
renceis low (41).

Resultant claims of the value of crops saved
due to control arequestionable at best when based
on faulty assumptions, hypothetical figures, and/or
worst-case scenarios.

No estimates exist of what the cost would be
of letting an infestation run its course, although
some instructive historical evidence exists, such as
records of damage in average and plague years
before control campagnswere mounted. Costs of
not controlling an infestation would include the
value of the crops lost plus resulting relief and
rehabilitation costs, e.g., food aid and seeds for
replanting.

When costs v.benefits areexamined, the monetary
costs of the 1986 through 1989 control program may
not have yielded a favorable net return in terms of the
amount and value of opssaved. USAID’s mid-term
evaluation ofits AEL GAproject found that datawas
not available to assess the value of crops and livestock
saved (99). Some evidence, however, shows that the
value of production saved in 1986, generally did not
equal or exceed the value of inputs received for treat-
ment in five of the nine Sahelian countries (72). Over-
all, donor contributions of $40 milliontor control
seem high compared to the estimated $46 million of
E:;)ductlon saved. These findings were based on the

t available, but admittedly unreliable, national-
level aggregate data. USAID’s 1989 Programmatic
Environmental Assessment of grasshopper/locust
control incorporated the findings and underlying as-
sumptions of this 1987 study. Thus, USAID accepted
the conclusion that the costs of the control program
in 1986, barely exceeded the value of the crops saved
Furthermore, historical data show that increases in
control rests do not necessa ﬁgégult in decreases in
crop losses. Data from earlier rt Locust plagues
show that average annual crop damage increased
175 percent between 1930 and 1955 even though
control expenditures climbed an average of 600
percent (15).

The costs of control relative to the value of
benefits is also affected by the efficiency of opera-
tions and the way that costs and benefits are
defined in space and time. Inappropriate spraying
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and target selection increase the cost of control.
Earlytreatment is costly if benefits aredefined for
localor national areas. Y et, early treatment may
be considered economically efficient if it prevents
a plague (95). |n that, case, estimated benefit

increase because they accrue to a number o
countries over a longer time period.

The cost-effectiveness of locust and grasshop-
per control progiams has not been demonstrated
convincingy. T%:is isdue, in part, to the scarcity of
data, and thet is understandable, given the con-
straints of data-gathering in vast, remote aress, the
few people and other resources that national
governments can devote to the task, and the emer-
gency nature of the situation. No Sirgle organiza-
tion s responsible for collecting thekind of data
that would be required to provide a thorough
evaluation of the costs and benefits of control
o erations. Groups have concentrated on im-
pl'ementing control operations without asking
whether those efforts were, in fact, economically
justified and without using part of their resources
to collect data on crop losses and control costs.
V'\t/)ilthOUt such data, sound policymaking is impos-
sible.

After-the-fact cost/benefit analysis reinforces
the impression that control programs are expen-
sive and ineffective (95). Yet, this assessment may
be unfair because cost/benefit analysis is more
appropriately used to evaluate options before one
is selected. Also, cost/benefit analysis assumes
that money not put into one use would be available
for other uses. Thisis not the case here because
money available for disaster assistance is not
necessarily available for other uses.

A number of issues, such as local knowledge
and acceptance of the risks of control, are not well
captured in cost/benefit anal is yet may have im-
portant implications for tre effectiveness of
Frograms (131), for thegowth of institutions, and
or U.S. interests (9%. In addition, donors
responses to perceived emergencies do not follow
a strictly economic rationale. This assumes, how-
ever, that: 1) locust and grasshopper outbreaks or
upsurges are trulyemergencies and 2) emergency
responses are e(%’ective. These are questionable
assumptions (95).

Certainly if control operations cannot be jus-
tified on the basis of monetary costs alone, it would
be hard to justify such efforts based on broader
definitions of effectiveness that account for addi-
tional costs (or hazards and risks) such as environ-
mental and health hazards. For example, attempts
to calculate the costs and benefits of current con-
trol programs have not estimated the real or
potential costs of loss of beneficial organisms,
onset of insect resistance, and general environ-
mental contamination.

Regardless of debates about cost/benefit
analysis, it remains clear that control costs in
Africa can be reduced. Spraying efficiency can be
improved. In addition, considerable room for im-
provement exists in determining provisional
economic thresholds for making pesticide applica-
tion decisions (95).

HEALTH AND THE ENVIRONMENT

Finding: Safe, environmentally sound use of in-
secticides was not ensured during the 1986 through
1989 grasshopper and locust control programs and
human and environmental exposure were, at times,
dangerously high. Application, storage, and disposal
of insecticides were not monitored adequately, nor
were the cumulative effects of other health and spray-
ing programs taken into account.

Human Exposure

Evidence from a variety of sources suggests
that direct and indirect human ex osure to insec-
ticides was sometimes dangerousty high in recent
campaigns. At least half of the respondents to
OTA'’S survey indicated that either accidental
Poisoning of humans or adverse environmental
impacts due to pesticide use had been detected.
Frequent instances of contamination in ground
spraying crews were observed in the Gambia,
resulting in some poisonings (114). The AELGA
mid-term evaluation cites a story of flies dropping
on contact with a control technician even after he
washed thoroughly (99). Insecticide poisoning
was reported in Nigx as a result of people eating
treated locusts (99%. Also, human poisoning oc-
curred when “empty” pesticide containers were
reused to store water or food (77).
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Numerous pesticides, known to be toxic to
grassh‘;ppers and locusts atdifferent formulations,
rates ofapplication, temperatures, etc., also con-
stitute various levels of hazard to people, accord-
ing to the U.N. World Health Organization (111):

. extremely hazardous (parathion),

. hi ghly hazardous (aldrin, dichlorvos,
dieldrin, DNOC),

. moderately hazardous (aigha rmethrin,
bendiocarb, BHC (or Cﬁ),_ carbaryl,
carbosulfan, chlorpyrifos, cyhalothrin,
?ppnneghﬂn, DDT, celtamethrin, diazinon,
enitrothion, fenvalerate, heptachlor, lindane,
phaxim, propaxur, tralomethrin),

« dightly hazardous (acephate, malathion).

The health effects of insecticides can be acute
or chronic, depending on the amount, extent, and
duration of exposure, chemical concentration, and
individual sensitivity. With sufficient exposure at
sub-acute levels, some chemicals produce chronic
health effects, includingcancer and neurological
and reproductive disoéers. For example, aldrin,
BHC, dieldrin, and lindane accumulate and
remain in the human body for considerable
periods of time, with the potential for chronic
effects. USAID hasprohibited the use of these
persistent pesticidesfor health and environmental
reasons since the late 1970s (43). The impact of
long term exposure of entire populations in given
areas t0 pesticides from a variety of agricultural
and health spraying programs is largely undocu-
mented. However, the fact that large numbers of
people may unknowingly experience subclinical,
chronic changes without having been offered in-
Eggr)nation or risk-reducing choices is worrisome

People can inhale or ingest insecticides direct-
ly or absorb these chemicals through their skin.
Also, people can be exposed to insecticides in-
directly through food or water supplies. For in-
stance, locusts and grasshoppers are used as food
in many African countries, especially by children,
and they may ingest chemica residues by eating
sprayed insects. However, the relative importance
of locustsin people’s diets is not known, nor do
data seem to exist on the amount of pesticide
residues on insects prepared as food.

People are likely to be exposed to significant
levels of pesticide residues in other ways, also.
USAID- funded field trials of six pesticides
residues in Sudan detected levels high enough that
researchers recommended that bendiocarb should
be limited to areas not used for agriculture or
grazing, and that post-spray harvesting be
restricted after fenithrothion and chlorpyrifos use
(28). The dangers of exposure to insecticide
residues in food and water gé}oplies are known but
were not routinely monitored as part of the spray
campaigns in Africa. Insufficient attention was
paid to the danger of contamination of already-
scarce food, groundwater, and surface water in the
recent campaigns. Insecticides that break down
relatively quickly, such as malathion, are less likely
to reach water sources than more persistent ones,
such as lindane, but pesticide choice has not, by
and large, been dictated by criteria such as poten-
tial environmental contamination.

Accidental exposure to pesticides can occur in
avariety of ways: whens raying equpment mal-
functions, when chemicés are stor@lwith little
regard to long term safety, or when containers are
reused inappropriately (14). Technicians and
herders have the highest probability of significant
chemical exposure m’locust and grasshopper con-
trol programs (27). Technicians are more likely
than the general population to be aware of
insecticides” hazards but few were trained to avoid
them. Also, pesticides are often used in develop-
ing countries with inadequate safeguards for
operators. Protective gear (goggles, &ice masks,
respirators, boots, gloves and special protective
clothing) is often unavailable. Or, its use may not
be perceived as worth the discomfort in tropical
climates. Soapand water for washing after
handling or applying pesticides may be scarce.

Some contamination does occur, especiadly in
areas where pesticides are not widely used and
technicians are unfamiliar with them. Lack of
training increases the risks of igroper applica-
tion and, thus, dangerous levels of exposure.
Over-application of malathion occurred, for ex-
ample, because control personnel mistakenly ex-
pected it to be a fast-acting insecticide and sprayed
until insects dropped (99). While some training in
safe pesticide use was developed during the recent
cams)i’n s, too few people participated for it to
reachi th people most in need.
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Some believe that the public’s exposure to
pesticides used for locust control is likely to be
quite small, especially because spraying often
takes place over sparsely settled areas. However,
USAID evaluators observed that “pesticide
poisonin of humans and livestock is a more im-
mediateethal threat than the presence of locust
swarms and hopper bands in isolated areas’ (99).
Widely dispersed pastoralists and subsistence
farmers constitute a sizable portion of the popula-
tion where locusts and grasshoppers occur, and
their exposure to spraying is unrecorded. Al-
though officials attegg;ted towarn people inhabit-
ing areas to be spr not to eat locusts, radio and
print messages did not reach many seminomadic
people and ow-resource farmers (99).

Collecting age and gender disaggregated data
is especidlly important in monitoring health im-
pacts of pesticide spraying. Some chemical
residues may affect nursing mothers, but not other
people in the area.

Environmental Effects

Just as different insecticides pose various
levels of hazard to humans, some insecticides,
dosages, and methods of application are potential-
ly more harmful to the environment than others
(table 2-4). The extent of damage that insecticides
inflict on the environment is not well-understood
although certain chemicals seem to be preferable
to others, given a region’s environmental charac-
teristics.

Aerial application of fenitrothion have been,
reported to be phytotoxic to sorghum and reduce its
%ield (84). Malathion and carbaryl (like others) are

ighly toxic to insect pollinator. Some evidence
suggests that the organophosphate pesticides
generally have adverse effects on nontarget ter-
restrial organisms. For exanp le, fenitrothion and
diazinon cankill birds (%8) andnalathion applied to
mallard eggs adversely #iected hatchlings (42).

Several examples of harm to nontarget or-
ganisms and the environment were reported due
to the recent campaigns in Africa. In Tunisia,
substantial numbers of honeybee colonies were
lost (50), damaglng economically important
apiculture and extenang to the country’s produce
production because bees are important fruit tree
pollinators. The most dramatic case of animal 10ss
reported was the death of 30 sheep grazing in

20-954 0-9 -3:0q 3

pesticide-contaminated areas (50). Also, chemi-
cal residues were found in the soil following spray-
ing programsin Mali and Morocco (12). But no
systematic program exists for monitoring the con-
trol program’s effects on humans or the environ-
ment, so the extent of the damage is unknown.
USAID’s recent amac-run field trials were
expected to provide additional information on
these types of environmental risks, but a recent
evauation found the design, implementation, and
analysis of the trials faulty due to lack of baseline
data, the insufficient involvement of the national
crop protection services, and the absence of
locusts in the Sudan trials (99).

~ “Many species may beat risk” based on poten-

tial impacts of the insecticides and given what is
known about their effects from American and
European research (95). The fenitrothion dosage
recommended by FAO is near the threshold at
which aerial applications cause immediate mor-
tality to birds (93). Environmentally sensitive
habitats (such as wetlands and lakes) are located
in important control areas such as the outbreak
areas of the African Migratory Locust and the Red
Locust and certain of the Desert Locust’s breeding
areas. At least thus far, locust and grasshopper
control has taken precedence over protecting en-
vironmentally sensitive areas.

Storage and Disposal

‘Many feel that inadequate pesticide storage
facilities are an acute problem (46, 48, 103%).
Generally, stores are poorly ventilated and need
repair. For example, the 19 storage facilitiesin
Somalia had leaking roofs, poor ventilation, and
cracked earth floors (1).

Improperly stored pesticides may lose their
effectiveness as well as pose a hazard. Undoubt-
edly some old stocks were used in the recent cam-
paign without verifying whether ingredients were
still active (37). And the leaks and spills that result
from improper handling and storage can lead to
major sources of contamination (95). For example,
25 200-liter barrels of malathion were badly
dented, some were leaking, and they were stored
in direct sunlight at a site in Aigeria (89). A mound
of approximately 2,000five-liter cans of
dimethoate have corroded and |eaked outside of
Khartoum, Sudan (49) and all of Sudan’s provin-
cia stores needed complete overhaul when they
were examined in the mid-1980s (101). Twenty-six
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Table 2-4-Toxicity of Various Pesticides to Non-Target Organisms

Aquatic -

Chemical Persistence Bioaccumulation Birds Mammals Fish invertebrates
Carbaryl L L-M L L L L
Diazinon M M M-H L M H
Dieldrin H H H H H M
Fenitrothion L M H L L® H
Lindane M-H H M-H M M M
Malathion L L M L-M L L
Propoxur L-M L-M L-M M L H
Acephate L L L L L L
Bendiocarb M M M M M M
Chlorpyrifos M-H M-H - M L-M H
Cypermethrin M-H H® L H H
Lambda-cyhalothrin M H® L H H H
Tralomethrin M H® L L H H
KEY: L = low

M = medium

H = high
NOTES:

3Fenitrothion is moderately

tely toxic t. fish, Foster L. Mggr, Jr. and Mark R. Ellersieck, Manual of Acute Toxici; Interpretation gnq Data

Base for 410 Chemicals and 66 Species of Freshwater ish, Resource Publication 160 (Washington, DC: U.S] Epartment of the Interior,

Fish 2and Wildlife Service, 1986), pp. 224-230.

PBased on log P.

SOURCE: TAMS, Inc. and the Consortium for International Crop protection, Locust and Grasshopper Control in AfricalAsia: A Programmatic
Environmenttal Assessment, Executive Summary, contractor report prepared for the U.S. Agencv for International Development, March

1989, p. EXSUM-25. *

metric tons of old fenitrothion, dimethoate, and
heptachlor formed a toxic lake outside the Desert
Locust Control Center in North Yemen (48).

Many experts find that improved storage
facilities are urgently needed, along with the train-
ing to manage them, because sizable stocks of
insecticides, including the more hazardous or-
ganochlorines, exist in a number of countries. For
example, 60,000 liters of dieldrin are stored in
Mali, 56,000 liters in Mauritania, 35,500 liters in
Somalia, 30,000liters in Ethimia, and21,0001iters
in Niger(13). In some cases, lhdane and dieldrin
are keptly the national crop potection services
to use as a last resort only if oher insecticides are
not available or if infestations reach critical levels.

Suitable disposal facilities are lacking for these
and other pesticides and their containers. As a
result, only a portion are destroyed followin
recommended procedures and excess stocks an
containers may be discarded in ways that make
human, land, or water contamination virtually cer-
tain. Many of the estimated 10,000200-liter metal
drums used in the recent campaign probably have
been used to store water, fuel, or grain or for a
variety of other purposes (77). Disposal proce-
dures are highlyvariable among countries and
various donors also assess the situation differently.

In some cases, donors contribute to the
storage and disposal problems. Often, donated
insecticides are inadequately packaged for ship-



Ch. 2-What |s The Problem? . 61

Piﬂg, storage, and use in the tropics, with labeled
nstructions not understandable to the persons

handling them. For example, Kely:a ard North
Yemen received dimethoate in lea Khg drums in
the late 1970s and were unable to use it. Now, the
old stocks remain, creating a disposal problem
(47,48).

Cumulative Effects

Pesticide use for locust and grasshopper con-
trol programs should be put in the context of total
developingcountry psticide use. Chemicals ap-
plied far ocust an dyrasshopper control, whi le
substantial, may be overshadowed by broad-scale
applications for other agricultural purposes and
for disease control. The amounts used for such
different purposes vary considerably, making it
difficult to sort out the potential impacts of each.
Generaly, more pesticides are used in agriculture
than for health-related vector control. For ex-
ample, estimates exist that Sudan uses 100 times
more PeStI cide on cotton crops than in malaria
control programs (95). Many of the same chemi-
cals are used in both programs, as well as for
grasshopper and locust control. For example,
dieldrin, DDT, malathion, fenitrothion and
propoxur are, or have been, used for malaria con-
trol (14) and dieldrin for tsetse fly control (34).
Some fear that the overlap of various spraying
programs may lead to unanticipated human health
effects, increases in resistant disease vectors, or
greater likelihood of certain epidemics (14, 95).

Pesticide use seems to be on the upswing. The
current shift from persistent organchlorines to or-
ganophosphate and carbamate compounds re-
quires more frequent application. With the
amount of arable land available for new cultivation
diminishing, many African countries can only in-
crease their agricultural production through more
intensive agriculture. Increased use of pesticides
is often a iy strategy and African farmers are
using increased amounts of pesticides each year
(loo).

The Special Case of Dieldrin

Of those pesticides used for locust and
grasshopper control, dieldrin’s use is the most
debate ¢ with the United States atodds with FAO
and French officials. In the United States, con-
cerns are over the potentially “fearsome” (95)
negative effects of dieldrin’s widespread and long-

term use in locust and grasshopper programs.

European and U.S. studies, be 'nni:F in the
1960s, found substantial traces of dieldrin in
human tissue. Problems of environmental persist-
ence and negative effects on nontarget species
also surfaced. As a result, EPA cancelel most
dieldrin uses in the United States (133) and a
number of European countries followed suit (53).

Currently, USAID gives reference to short-
lived, nonpersistent materias and to chemicals
having EPA registration pirticularly if registered
for the intended use. Dieldrin meets neither
criterion. Therefore, USAID supports no efforts
in which dieldrin is used. In hrge part, this restric-
tion has led other donors and African governments
to abandon use of dieldrin in grasshopper and
locust control.

On the other hand, FAO (104) claims that the
severity of the 1988 desert locust infestation is
partly attributable to donors unwillingness to
suppiy dieldrin in 1987. As a result, con-
tends, swarms escaped on two maor occasions
from restricted breeding areas, and gave rapid rise
to the expansion of the plague.

While the United States may regard [the effective
withdrawal of the use of dieidrin] as a victory, the fact
is that Desert Locust hopper control using nonper-
sistent pesticides will be much more time-consum-
ing, must less effective, and much more expensive
than it was with dieldrin. Our prediction is that this
will substantially increase the likelihood of seasonal
upsurges developing into major upsurges and
plagues, at least until such time as some of the
postulated alternatives prove effective. (13)

French officials, relying on recommendations
of a French research agency (PRIFASR, aso dis
agree with the U.S. position to withhold dieldrin.
However, as African countries become more
aware of dieldrin’s harmful effects, they have be-
come more supportive of the U.S. position, even
impounding donated stocks of dieldrin. For ex-
ample, GpeVerde now bans all pesticides that are
prohibitecf)ﬂ? the United States (99).

Dieldrinis no Iongerﬂreduced insizable quan-
tities, except perhaps inlibya and India (121), so
continuing debates regarding its use center on
whether existing stocks should be destroyed or
used in remote areas with special guidance. The
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most recent estimate is 380,000 liters stored in
West Africa(77). Currently, FAO policy is that
use of availabk stocks is left to countries in which
they are located, as specified in the International
Code of Conduct on the Use and Distribution of
Pesticides.

INSTITUTIONAL AND POLITICAL
ASPECTS OF CONTROL

Finding: Most institutions-whether African na-
tional or regional or donor-am not equipped te deal
with grasshopper, locust, or other pest problems On a
long-term basis. Development needs are often
sacrificed in favor of crisis management. Disputes
within, between, and among African countries and
donors constrain the effectiveness of short-term emer-
gency programs and longer-term preventive ones.

Institutional Factors

A variety of institutional problems related to
pest management are commonplace in Africa.
Many countries lack the resources—operational
aircraft, vehicles, communications and spraying
equipment, and fuel-to deal with pests. Also,
many lack the *gal structure for regulating inport,
application, aligdisposal of pesticides. Fewhave
medical facilities to treat pesticide poisoning or
extension programs to tram farmers how to use
pesticides roperly. Most countries lack person-
nel traineZo detect environmental damage from
insecticide use, to assess economics of locust con-
trol, and the effects of changing land use, etc.
Coordination between agencies is difficult to
achieve, and many other agricultural problems
compete for scarce research attention.

These conditions are true for many countries,
but wide variations exist also. Generally, the
northwest African governments have more well-
developed infrastructure, more trained personnel,
and far more resources than Sahelian govern-
ments.

Teng (96) documented shortcomings of
African national plant-protection services m 15
tropical West and Central African countries (table
2-5). Some problems were common to most public
institutions, such as cumbersome decisionmaking
and staff reductions accompanying policy reforms.
But others were specific to these services. Major
forms of plan*ptotection infrastructure are not in
place in many African countries, for example, only

five African countries have pesticide laws (%).

A variety of additional factors affect locust and
grasshoppeorfagrams specifically, especially due
to the episodic nature of upsurges. Much of the
infrastructure built for rasshopper and locust re-
search and control grafually lapsed after the last
major Desert Locust plague ended in 1%3. Many
European experts with valuable field experience
gained in earlier campaigns had retired or died
without training replacements. As a result, little
institutional memory remained when the current
upsurge began and the new generation of en-
tomologists had not faced problems of this kind or
scale before. Thus, existing African and donor
infrastructure was incapable of handling this emer-
gencyeffort well, let alone mountinga longer-term
approach that would emphasize upsurge preven-
tion.

An examination of these specific problems was
made in Chad, highligrting problems of imprecise
data on the extent ofthe problem, vehicle break-
down, por training, shortage of survey materials
and other equipment, lack of preparation before
the rainy season, inaccurate treatment figures, and
no records of undesirable environmental effects
(11). Donor-supported programs may not be sus-
tainable given such conditions. For example,
USAID’s 1987 training-of-trainer efforts broke
down when Sahelian governments did not allocate
sufficient funds for travel costs and other expenses
needed for these newly trained personnel to train
field-level staff, in turn (95).

National crop protection services benefit from
the international support that follows a disaster
and national governments may exaggerate the
locust and grasshgyper problem in an effort to
obtain resources. Often crop protection services
rely on these funds for maintaining their staff,
vehicles, and spraying and communication equip-
ment. Governments take the opportunity to
restock imported insecticides that could be used
against insects other than grasshoppers and locusts
(114). Even under the best of circumstances,
locusts and grasshoppers are difficult to count.
For example, hopper bands in remote areas are
difficult to detect and maybe undercounted, but
migrating swarms are sighted in many areas and are
easily overcounted. FAQ, like other U.N. a en-
cies, compiles information from indiviual
countries rather than collecting independent data.
With no means toverifydata supplied by individual
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Table 2-5-Strengths of Fifteen West and Central African Countriesin Various Areas of
Plant Protection

Percent of Countries in category

Area of plant protection Good Moder ate Poor
Plant protection personnel 7 40 46
Pest control equipment 0 47 47
Support facilities 0 13 80
Plant protection laboratories 0 47 a7
Pest diagnostic laboratories 0 47 47
Plant quarantine buildings, equipment 7 40 40
Pesticides available locdly 0 43 20
Plant protection service 7 20 40
Agricultural schools, training facility 7 66 20
Speciaized plant protection curriculum 7 33 53
Ingtitutionalized research 7 53 20
On-farm, applied research 0 13 74
Pest lists 13 47 33
Pest distribution knowledge 0 47 40
Pest biology knowledge 7 7 13
Economic loss knowledge 0 27 40
Pest control knowledge 0 20 80
Overal strength:

Extension 7 40 40
Research 20 54 13
Training 7 46 40

NOTE: ®Countries in survey were Benin, Cameroon, Central African Republic, Congo, Gabon, The Gambia, Ghana, Guinea, Guinea-Bissau,

Ivory Coast, Liberia, Nigeria, Sierra Leone, Togo, and Zaire

SOURCE: P.S. Teng, “Plant Protection Systems in West and Central Africa-A Situation Analysis,” unpublished report to U.N.Food and
Agriculture Organization’s Plant ProtectiorService (Rome, FAO) August 1985.

cogntries_, neither technical errors nor institution-
al incentives for over-stating can be balanced.

In sub-Saharan Africa, locust and grasshopper
control is unlikely to ever be the sole responsibility
of national crop protection services or other na-
tional groups, even under the best of
circumstances. First, manylocust and grasshopper
breeding areas, especially that of the Desert
Locust, are in remote and uncultivated areas that
the national crop protection services have neither
the resources nor clear mandate to reach. Also,
extensive seasonal migration patterns mean that
insects originating in one country threaten crops
in another. The dng recession periods between
insect upsurges mean plans can go untested for

long periods of time and scarce national resources
can be diverted to other efforts.

The regonal African institutions in the Sahel,
establish do pool scarce technical resources and
to accommodate the regional nature of these
migratory pests, also are beset with funding and
management problems. In addition, they are sub-
ject to conflicting and changing approaches of
member states and donors. For example, institu-
tional weaknesses of the Permanent Interstate
Committee for Drought Control (CILSS), a
regional intergovernmental organization in the
Sahel, were cited as a major reason for the disap-
pointing performance of the regional integrated
pest management project of the 1970s (128).
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Similarly, shortcomings; in donor programs
have been documented. nors and insecticide
manufacturers were unprepared for the recent
upsurges, like their African counterparts. As a
result, technologies selected for the recent control
effort did not differ significantly from those used
in the early 1960s. Newer insecticides and con-
tainers had not been tested in Africa, and the latter
proved inadequate in the African setting. USAID
had little scientific capacity to carry out a long-
term, technically sound locust and grasshopper
control program. U.S. entomologists were
brought on as temporary consultants, interns, or
borrowed from other agencies. Few had field ex-
perience dealing with locust and grasshopper up-
surges in Africa. Fewer spoke French, and most
of the area affected in the recent upsurges is Fran-
cophone.

Locust and grasshopper programs became
crisis management, in part, because of this lack of
preparedness. And, the high costs of crisis
management are nearly unanimously cited as a
problem (99). Generally, emergency assistance
has not been done with an eye to future develop-
ment needs; nor has development assistance
usually incorporated disaster mitigation (68). The
locust and grasshopper programs were no excep-
tion.

Developmental goals of locust and grasshop-
per programs are not well defined and tend to be
overshadowed by the attention to the emergency
effort. Emphasis on crisis management can nar-
row other opportunities due to direct competition
for funds within donors’ budgets, shifts to more
readily funded short-term research, etc. For ex-
ample, USAID mission buy-ins for emergency ac-
tivities reduced the amount available for
long-term development projects, and particularly
adversely affected countries with small USAID
programs (99). Similarly, USAID-funded training
programs were suspended in 1988 because re-
sources were redirected to emergency control. A
related result was confusion over roles and respon-
sibilities, especially within USAID missions. For
example, the USAID missions’ locust and
grasshopper staff performed the duties of other
staff, often for the sake of expediency (114).
Generally, an emphasis on short-term emergency
management has also meant that donors and
African agencies missed opportunities to tap local

resources such as people’s indigenous knowledge
of pest biology (57).

Crisis operations do not lend themselves well
to institution-building and the present campaign
was no exception. For example, due to the lack of
preparedness of the African regional institutions
such as the Joint Locust and Bird Control Or-
ganization(OCLALAYV), expatriates under the
aus ices of RO ran the control operations, espe-
cialry aerial spraying, in much of the Sahel. This

arallel organization resulted in a technically ef-
ective control program that, inadvertently, fur-
ther undermined OCLALAYV (99).

Differences in strategy and tactics among
donors led to confusion among African officials
regarding technical a%proaches and to costly
delays and duplication & effort. Also, differences
increased pressure on the African officials who
dealt with the oft-conflicting requirements while
attemptirg to manage national campaigns. For
example, field personnel had to be trained in the
Eroper use and maintenance of several different

inds of spraying equipment for the same use.

Donors agree that emergency relief has sub-
stantial popular appeal. Further, USAID and
FAO agree that lack of funds constrains them from
implementing key components of a more preven-
tive approach, e.g., long-term ingtitution building
of crop protection semces, providing equipment
and training for surveillance and monitoring of
insects, pre-positioning of pesticides to reduce
costly air freight expenses, and setting up mobile
units to survey and control locustsin “strategic”
breeding areas in remote aress.

These institutional perspectives, combined
with the lack of important information, help ex-
plain the tendency to exaga%erate locust and
grasshopper problems and to take a crisis manage-
ment approach. Acting in one’s self-interest is ap-
propriate, and acting in the interest of one's
organization is normal The common good, how-
ever, requires balancing individual self-interest
and the interests of others. To do this, leaders
need an accurate view of overall problems. Some-
times this view was lost during the recent cam-
paign. For example, frequent assertions by
representatives of FAO, USAID, and African
governments that the recent upsurges were the



Ch. 2-What |s The Problem? . 65

worst locust lague ever recorded are not docu-
mented (see igure 1-3).

The Politics of Locusts and Grasshoppers

There are those who claim that locusts and
grasshoppers are primarily “political pests’ because
of political pressure to mount a control campaign.
Some of this F:ssure is readily understandable:
locusts are higHy visible, swarms can create panic,
they can cause severe damage in localized areas, and
large-scale aerial spraying is more easily undertaken
and provides more visible results than aternatives.

Memories of devastating incidents caused by
Desert Locusts and other swarming insects in the
1940s and 1950s can lead political leaders to
respond urgently to the perceived threat of dis-
aster. This, combined with popular perceptions
that these insects cause severe crop damage, in-
creases political pressure to mount an aggressive
control effort. For example, during the recent
upsurge, Moroccans and others often referred to
the near-total damage caused in 1954 and 1955 by
Desert Locusts in the Seuss Valley where orange
trees are the most valuable agricultural product.
This damage was estimated at $14 million in 1954
dollars (L3); at least 10 percent of Morocco’'s
farmlandwas affected mostly in the south and
Seuss Vang (115). Moroccans feared that the
insects would cause similar serious damage even
though swarms of the Desert Locust came to the
Seuss Valley in 29 of the 55 years up to 1968 (79)
without causing such damage. A crisis mentality
and prception of imminent disaster can lead
peep% to act hastily and may account for some of
the carelessness in pesticide use and over-spraying
that occurred in the recent campaign (99).

Emergency Control pg) rams arpopular, like
other disaster assistance diforts. Ofall kinds of
foreigh aid programs, Americans support disaster
reliefthe most; three quarters of Americans sur-
veyed recently gave it top priority (23). Thus,
donors, like their African counterparts, come
under political pressure from legislatures and the
public to act during locust and grasshopper
upsurges.

Also, donors do not want to be left out or
appear unresponsive when African governments
request disaster assistance. USAID, like the na-
tiona crop protection services, benefits from sup-
port garnered during a disaster. USAID officials

can readily justify requests to Congress for addi-
tional funds to stop a plague of locusts, and those
funds generally are forthcoming.

Other vested interests come into play during
locust and grassho Eper campaigns, such as
preferences for bilateral over multilateral
programs, tied aid requirements, or funding
programs in certain countries but not others for
political reasons. These factors often override
decisionmaking based on technical considerations.
For example, some advocate sharply curtailing
fenitrothion’s use because of potential environ-
mental damage. Political factors are likely to enter
into such a decision-whether made by USAID,
FAOQ, or African Governments. The United States
would be seen as advocatiig U.S.-manufactured
alternatives (American Cyanamid produces
malathion and Union Carbide, carbaryl) to the
Japanese- and German-produced fenitrothion.

The most public differences amagdonorsin
this recent campaign related to pesticide selection
and application methods. However, many less
visible differences existed regarding overal
development goals and strategies. For example,
donors disagreed on the relative importance of
increasing net a(%riculj[ural production, increasing
yield, increasing farm income, building democratic
Institutions, developing a more equitable distribu-
tion of rpower, or supporting sustainable agricul-
ture. Different donors also assessed the locust and
grasshopper situation differently and proposed
different control strategies-e. g., the highest
priority sites for treatment, whether ground or
aerial spraying should be done, what types of
aircraft shoullbe used, whether or not to em-
phasize training or environmental monitoring, etc.
Also, donor agencies disagreed internally on many
of these items.

Finally, coordinating a regional response is
made more complicated by politica'problems
within and between affected countries.Gvil strife
and wars in Ethiopia, Sudan, Chad, and
Mauritania prevented survey and control cam-
paigns from reaching locust breeding areas before
swarms grew large and began migrating. For ex-
ample, in 1987 the Ethiopian Government did not
alow the Desert Locust Control Organization for
Eastern Africa and the Red Cross to conduct sur-
vey and control effortsin the Tigre, Eritrea, and
Wolla

seasonal Desert Locust breeding areas where the

rovinces due to civil war. These are *
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upsurge might have been contained. Nor was the
national crop protection service able to carry out
control efforts in these areas, although the
Eritrean Liberation Front trained and equipped
its members to conduct effective ground control
operations (19).

Land mines in the Western Sahara precluded
ground survey and control efforts; a USAID-con-

tracted spray plane was downed by a Polisario
missile there, killing the five on board. Also, long-
standing border disputes constrained cooperation
between countries. Morocco, frustrated by inef-
fective control effortsin Sahelian countries that
resulted in swarms invading the southern part of
Morocco, proposed sending their survey and con-
trol teams into Mauritania in military-like mis-
sions.
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Chapter 3

Strategies for the Future

OTA'’s anadysis found that the 1986-89 locust
and grasshopper control campaigns in Africawere
based on questionable premises, with partially ef-
fective to Ineffective inplamentation. Y et, some
things worked well and U.S. efforts contributed to
these successes.

WHAT USAID DID WELL

Finding: USAID made commendable attempts:
1) to coordinate is efforts with other U.S. agencies,
foreign donors, and African officials; 2) to provide
training for Africans and U.S. personnel; and 3) to
highlight issues of sound insecticide choice, storage,
application, and disposal. Overall, the international
control campaign lacked these characteristics, how-
ever. USAID did prevail successfully against the use
of dieldrin.

Promoting Internal and External
Coordination

The U.S. Agency for International Develg
ment (USAID) coordinated its work successfully
within USAID and with other U.S. Government
agenciesinvolved in the campaigns despite for-
midable institutional constraints. The Desert
Locust Task Force, established within USAID’s
Office of Foreign Disaster Assistance (OFDA),
was one of the most effective means of coordina-
tion within the U.S. Government. From July 1988
through June 1989, the Task Force held weekly
meetin s to share information, assign respon-
Zifbfility Br implementing activities, and coordinate

orts.

Also, OFDA brou ht together people repre-
sentingavariety of UB Departments and other
organizations to review results from thprevious
year's efforts, to identify lessons learnel, and to
plan more effective future control. OFDA spon-
sored two workshops for Task Force members
from Washington, DC, USAID mission staff from
Africa, and outside experts. First, the U.S. Forest
Service's Disaster Assistance Support Program
managed a 3-day workshop in January 1988 in
Harpers Ferry, West Virginia, for 69 officials,
mostly from the U.S. Government, to evaluate the
1986 and 1987 campaigns and provide direction for
a staff guidebook on locust and grasshopper

programs. Then, 32 participants took part in a
4-day, February 1989, workshop in Dakar,
Senegal; they reviewed each country’s 1988 cam-
paign and were introduced to the finalized USAID
guidebook.

This 1989 Locust/Grasshoppr Management
Operations Guidebook is wel-prepared and
thorough, for the most part. It provides a com-
prehensive overview of USAID’s policies regard-
ing locust and grasshopper control, includes useful
background information on the insects' biology
and kehavior, sets forth the rationale and proce-
dures for mounting a control operation, provides
details on conducting insect surveys and selecting
appropriate control techniques, and includes help-
fulsupplementary information Ea.g., pesticide-use
guidelines, procurement procelures).

OTA expects that the Guidebook will con-
tribute to a more expert, consistent, and coor-
dinated U.S. response togasshopper and locust
problems in the future. T used effectively, the
Guidebook could achieve its purpose: “... to assist
Missions to assess, prepare for, and organize
locust/grasshopper control programs on an emer-
gency and non-emergency basis’ (118, p. 1-2).

The Guidebook is the most up-to-date opera-
tional source for selecting insecticides for U.S.-
funded work and lists a number of selection
considerations. However, the database on insec-
ticides constantlychanges. For example, the U.N.
World Health €yanization’s Hazard Classifica-
tion, revised every 2 years, now has different
ratings for a proximaty one-fourth of tie pes-
ticides inclu ed in the819 9 Gubdok. Ud 1S
preparing Country Supplemental Environmental
Assessments in 1990, with technical assistance
from the U.S. Environmental Protection Agency
(EPA), to apply the continent-wide Programmatic
Environmental Assessment to the individual
countries planning to use insecticides against
grasshoppers and locusts. This process, which aims
to make more site-specific plans, could alow up-
dated information on different chemical products
to be incorporated in the supplemental assess-
ments simultaneously. However, these sup-
plemental assessments also will need to be revised
periodically to remain current.

69
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USAID actively promoted coordination
among other donors and African governments,
and agreement exists that coordination and col-
laboration among countries increased as the
recent campaigns progressed. For example, rep-
resentatives d USAID or the U.S. Department of
Agriculture’s (USDA) Animal and Flant Health
Inspection Service attendedperhaps a dozen
meetings sponsoreoy the U.N.ood and Agricul-
ture Organization (FAO) to share information
and plan future stratggy USAID funded FAO’s
Emeréencz Centre Locust Operations
(ECLO), the worldwide coordination site for
locust and gassho per control operations, and
USAID Stat% proteled ECLO with data on insect

ovulations and U.S. control efforts. The Bureau
or Science and Technology participated in the
World Bank’s Special Program tor African
Agricultural Research on locusts.

USAID required that recipient countries have
an operational Country Coordinating Committee,
composed of representatives from relevant
government and donor or ginimations, before U.S.
emergency funds werere . USAID mission
staff participated in these committees and also
maintained direct contact with the national crop
protection services and other African agencies in-
volved in control.

Providing Training

USAIDprovided trainng foritsownpersonnel
and African officials through workshops and the
provision of technical assistance. Additionally, the
United States funded trainiyg programs for
Africans, conducted by FAD and regional
organizations. For example, FAO trained Sahelian
national Cro%mtemon personnel in locust
surveillance and another group, Application of
Agrometeorology and Hydrology for the Sahel
gAGRI_-IYME_T):onducth an annual short course
or African officias on using “greenness maps.” This
training and technical assistance, together with the
provision of equipment and supplies, undoubtable
strengthened the (;tﬁFCity of national institutions to
mount future locu (%rasshog r survey and control
prob rams and todeal wi Egﬁtﬁ%raﬂﬁmdwﬂl
problems.

USAID conducted 10 training workshops
from 1987 through late 1989 with a total of ap-
proximately 150 participants. One early workshop

on how to plan and manage aerialFrayVigeOpera-
tions was attended by Africans from Senegal,
Gambia, Niger, and Sudan. From April through
June 1989, three regional workshops were held on:
l? aerial and ground ultra-low volume (ULV) ap-
plication, 2) training extension workers to use new
teaching materials on pesticide use, and 32 human
health Impacts of pesticide application (121). A
February 1990 conference on pesticide disposal,
held in Niamey, Niger, attracted 58 participants
from 15 W can countries and international
organizations such as Earthwatch and Green-
peace. Action plans were drawn up for each
countryOtherworkshops planned for 1990 areon
identification of immature Sahelian grasshoppers
and crop loss assessment.

USAID developed some useful materials for
its training efforts. For example, the Pesticide
Users Guide, prepared in four languages for
African extension agents, details how to conduct
pest surveys, plan insecticide applications, and
apply, transport, store, and dispose of pesticides.
In addition, USAID funded publication of a field
manual for identifying immature grasshoppers
(51).

USAID attem ted to increase its own tech-
nical capacity by Brrowing experts from other
U.S. agencies and hiring consultants from univer-
sities and pivate firms. An effort was made to pair
senior ancﬁunior entomologists on technical assis-
tance teams to increase the pool of expertise avail-
able in the future. USAID encouraged
participation of African officials on the several
dozen U.S. technical assistance teams sent to
Africa. This practice imparts on-the-job training-—
for those U.S. scientists unfamiliar with African
conditions as well as for African experts unfamiliar
with some recent pest management technologies.

Advocating Sound Insecticide Use

USAID advocated safe and sound insecticide
use throughout the 1986-89 campaign and en-
forced its relevant environmental policies. Its
greatest success was persuading other donors and
African governments not to use dieldrin, even
though many African countries had existing
dieldrin stocks and FAO and France urged its use.
With encouragement from USAID, FAO is taking
inventory of existing stocks of dieldrin, beginning
astudy of potential environmental risks of dieldrin
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use in areas where the Desert Locust is present,
and intends to develop a plan for use or destruc-
tion of dieldrin based on these findings (104).
USAID, too, has compiled some information on
stocks of dieldrin (99) and sent EPA repre-
sentatives to advise African officials on storage
and disposal of surpluses.

USAID’s efforts also increased awareness in
Africa of the potential dangers of the persistent
organochlorines and helped reduce the use of ben-
zene hexachloride (BHC) and lindane. USAID
encouraged the use of less toxic chemicals and, to
alimited extent, tested new insecticides for locust
and grasshopper control under African conditions.

USAID promoted increased efficiency in
some spray operations, for example, by pre-
positioning insecticides in Africa to reduce high air
freight costs. Bysuporting application of satellite
remote sensing to ocust surveillance and funding
research on alternative control methods, USAID
began to lay the groundwork for reduced reliance
on spraying as the only available response to locust
and grasshopper upsurges.

USAID included safety concerns in its techni-
cal assistance and trainingprograms, €.g., by
providing protective clothing far spray operators.
USAID claims it was the first to introduce
cholinesterase testing into locust control programs
in Africa. Moroccan applicators were tested
before, during, andaftersprayin gn 1988 and 1989
to determine if the enzyme cholinesterase had
been suppressed by pesticides (51).

Also, USAID exhibited concern about the en-
vironmental effects of control programs, in par-
ticular by preparing environmental assessments
for Morocco, Tunisia, and all of Africa and Asia
affected. Since mid-1989, USAID has been design-
ing ways to implement the 38 recommendations of
the Programmatic Environmental Assessment
‘(ﬂ)p. E). Technical assistance teams are assisting

rican nations on the safe disposal of empty con-
tainers and surplus insecticides now that
widespread spraying is unnecessary.

USAID is seen as among the strictest donors
regarding safe pesticide disposal and is planning to
take stronger measures in the future. Its opera-
tional Guidebook contains directions for storing,

packaging, labeling anddisposingof pesticides and
empty containers. An annex contains a )py of
FAO’s 1985 Guidelines for the Disposal ofaste
Pesticide and Pesticide Containerson the Farm that
details physical, chemical, and biological disposal
methods. Some other donors have similar inter-
ests and a recent workshop on disposal of obsolete
pesticides and empty containers in Niamey
demonstrated African concern as well.

In short, USAID succeeded in almost
eliminating the use of the most hazardous chemi-
cal, dieldrin, and identified some lessons learned
for improved strategies and tactics for future
programs. The overa lllocust campaign, however,
demonstrated the need for more coordinated ac-
tion, far more training, better understanding of
locust and grasshopperiaymmics and effects on
crop yields, and improwt control methods. For
example, the new Locust/Grasshopper Manage-
ment Operations Guidebook fails to discuss the
debate over the relative roles of control in insect
declines; USAID’s 1988 training sessions were
sidelined when its resources were redirected to
spraying activities; USAID’s training and technical
assistance reached only a few Africans; and, in
some cases, USAID did not convince Africans of
less toxic chemicals’ effectiveness.

Admittedly, USAID is only one igiortant
actor, having provided about one-fifth d donor
funding for recent control campaigns. Thus,
USAID has limited responsibility tor the failures
of recent campaigns, as well as their successes.

HOW TO DO BETTER NEXT TIME

Finding: Donors and African governments can-
not afford to fund expensive control campaigns
without addressing fundamental questions regarding
goals and implementation. Now is the time to find
methods that contribute t0 long-term development,
redouble preventive efforts, and decide what actions
will be most effective during the next upsurge.

Doing better in the future, during recessions
and upsurges of these insects, revolves a
reexamination of fundamental questions regard-
ing who should do what, and when, where, how,
and why it should be done. These are broad policy
questions encompassing all aspects of control
programs. For example, which’resects should be
included in programs (individual pests or groups
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of similar pests), where control should be mounted
(“strategic” areas, breeding sites, or anywhere),
when control should be undertaken (when a
plague threatens, when swarms threaten crops, or
whenever insects become gregarious), why control
is needed (e.g., to stop plagues, save crops, or
prevent famine) and how control is best done (e.g.,
aerial or gnound spraying, four- or single-engine
planes orhelicopters).

Control r%alanimations, host governments, and
donors the responsibility these
question&° HerdDDAAdidenti 1€sasoBw @lements
of the discussion and notes that resolution of these
issues should be attenptednowthat upsurges have
subsided for atime. The roles of various groups—
who should do what—also need to be clarified. This
question is addressed in chapter 4.

Further discussion and clarification are espe-
cially needed regarding the goals of the control
programs and indicators to measure their results
within specified times. Do the programs aim to
prevent plagues, stop plagues, protect cr(ips, or
end famine? Different ls imply dif terent
strategies, action plans, a evaluation criteria.

The Feasibility and Price of Prevention

The FAO and USAID officials responsible for
grasshopper and locust control programs maintain
that knowledge is available that, if properly ap-
plied, could prevent futurepiagues or'ocusts and
grasshoe[gj)ers (12, 95, 121). Plague prevention has
consisted, since the 1960s, of making surveys in
seasonal breeding areas and controlling any al-
ready-gregarious resects or populations becoming
gregarious (70). Certainly, the feasibility of
prevention steadily increases as additional
countries agree to participate in such an approach
duringrecessions; as breeding areas are more
clearly identified; as improved methods are
developed for forecasting the rise and movement
of insect populations, weather systems, and plant
cover; and as more effective, carefully aimed con-
trol operations are mounted. However, some fac-
tors that contribute to plagues are unresolvable by
existing technologies or largely beyond the control
of donors. These constraints include the un re-
dictability of weather and disputes within axbe-
tween countries. Also, wide-scale implementation
of what is known, e.g., about effective spraying, is
often exceedingly difficult under actual condi-

tions. Thus, OTA questions whether donors and
affected countries can prevent upsuiges and
plagues, although that goal is laudable and
deserves to be foremost.

FAO finds that:

... .Athough there is a rational strategy for the
revention Of desert locust plagues,.and tactics
Fechmque_s have been evolved to implement that
%rat;%tu %c%mganceﬁ can sﬂp combine. to lead to
the threat of the development of anew major plague.
Furthermore such combinations of circumstances,
and in particular sequences of widespread heavy
rain, cannot yet be forecast

and concluded that:

.....Jocal gutbreaks capable of leading t0 major
upsurges are likely to be a recurrent but intermittéent
feature of Desert Locust population dynamics. . .
(81, cited in13).

The preventive strategy FAO and USAID ad-
vocate thus requires a certain amount of continu-
ing monitoring and control. Usualy, that has not
been done between upsurges. FAY and USAID
officials are requesting funds for aEplying this
strategy now with the explicit objective of
preventing future outbreakdromdevel opinginto

plagues.

They, like others, assume that plague preven-
tion costs less than plague control. This seems
correct intuitively but it has yet to be proven.
Donor costs of the 1986-89 control campaign,
grincipally against the Desert Locust and

enegalese Grasshopper, were $275 million. In
1988, representatives from several governments
met in Fez, Morocco and approved plans for a
multinational ongoing survey and control opera-
tion to monitor the Desert Locust in its remote
Sahelian breedirg areas. This International
Desert Locust Tastorce, with 5 main units and
13 sub-units in strategic areas, carried a $77.4 mil-
lion price tag. As the plague subsided, the estimate
for Phase | in 1989 was revised down to $3.5 million
(106). Thus, the cost of maintaining these mobile
units is far less than the cost of the recent control
campaign in an equivalent period. However, the
costs o% plague prevention v. control should be
calculated over a longer time period from a
broader base, e.g., perhaps including costs for
monitoring and controlling other grasshoppers
and locusts and the related expenses of the nation-
al crop protection services.
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FAO proposed recently a 5-year regional
greventi\_/e Desert Locust contrc programfor the
countries of Maghreb and th&:ahel. FAO as-
serts that control measures in a eneralized in-
vasion would cost, in 1 year, wEat preventive
control activities would cost in 15 to 20 years.
FAO anticipates that this peventive program
would cost $6 million to& million per year
(108,109) and result in less insecticide use over a
smaller area, e.g., 50,000 to 100,000 ha per year
sprayed compared to the 15 million ha treated in
1987/88 (108). The availability of funding for such
a broad internationa ﬁrogram has not yet been
determined. Even if the preventive approaches
advocated by FAO, USAID, and other officials
were fully funded, it seems likely that emergency
efforts would still be needed when the insects
escape strategic control efforts.

Shifting to a preventive approach first requires
a reorientation of thinking by African and donor
policymakers, followed by corresponding changes
in programs and financing. Crises mobilize atten-
tion and resources. emergency locust and
grassholgper programs garner far more policy in-
terest than long-term efforts, such as integrated
pest management (1PM). Africans favoredfaster-
act-ing insecticides. Emergency Spraying opera-
tions%it within what some find Is a “cowboy”
mentality among U.S. officials. a tendency to
promote large interventions and giick solutions.
For example, U.S. officials emph asized use of
four-engine planes while FAO and other donors
preferred smaller planes. Thus, preventive ap-
proaches present psycholo gzal as well as technical
challenges and their implementation would re-
quire attitudinal shifts and technical training
within USAID, among other donors, within
African countries, and in Congress.

Integrating Emergency Control Programs
Into LongTerm Development

Donor groups often classify their activities as
relief or development focussed. Generally, relief
activities are short-term and address symptoms or
consequences of deeply rooted problems. They
can include actual control efforts and other ac-
tivities to help anle recover from losses, e.g.,
providing food to areas where locusts have
destroyed crops, or providing seeds for replanting.
Some also describe activities that help recipients
recover from control programs (e.g., destruction

of pesticide containers, disposal of surplus stocks,
testingoperators for over-exposure to insec-
ticides)as “relief and rehabilitation.” Develop-
ment activities, in contrast, tend to deal with the
underlying causes of problems and are necessari Iyg
longer term. For example, entomological researc
to develop safer or more effective control methods
and efforts to prevent locust or grasshopper up-
surges would be development activities.

Individuals and organizations generally con-
centrate their efforts on one approach or the other
because of the difficulties of combining the two.
Some relief efforts incorporate development ob-
jectives better than others: e.g.,poviding seeds
rather than food aid, and trainingtarmer brigades
to conduct local survey and control programs
rather than replacing local efforts with expatriate-
run operations. Some relief programs can hamper
development efforts. For example, food aid has
Iona? been criticized as lessening incentives for
srr]n | farmer production athough thisis not always
the case.

The U.S. foreign assistance mandate encom-
asses both relief and development programs.
b owever, the recent grasshogper and locust con-
trol programs seem overweighted by short-term
emergency responses despite the well-known
weaknesses of crisis management. Nearly al U.S.
funds for locust and grasshopper programsin fisca
years 1986 and 1987 were OFDAfunds (table 1-3)
and 58 prcent of the Africa Emergency
Locust/Grasshopper Assistance (AELGA
project’s bue%get for fiscal years 1988 through 199
was alocated to emergency assistance (chemicals,
equipment, and short-term technical assistance) v.
42 percent for development assistance (research,
training, and ingtitutional support) (99). Respon-
dents to OTA’ S survey agreed that cris's manage-
ment (e.g., sprayirgprograms) was the major type
of activity underteken in recent campaigns (table
3-1). Most noted the need for a decrease in crisis
management per se and an increase in both
preventive measures and specific types of relief,
althoth they did not advocate decreasing the
overall total amount of resources (10). Their
analysis agrees with that of others (e.g., 95).

The farmers and herders who are the intended
beneficiaries of donors’ programs do not distin-
guish between crisis management, subsequent
relief activities, and long-term development assis-
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Table 3-1-OTA Survey Respondents. Percent of Current and Ideal Locust Efforts Focused
on Crisis, Relief, and Prevention

(N = 25)
Current effort Ideal effort
Median (Range) Median (Range)
Crisis 90% (25 - 100%) 50% (O - 80%)
Relief 5% (0-30%) 10% (0 - 50%)
Prevention 1% (0-32%) 30% (5 - 100%)

SOURCE:
prepared for the Office of Technology Assessment, May 1989.

tance. For them, locusts and grassho pers repre-
sent one more crisis in lives that arelull of crises,
each further narrowing their options and con-
tributing to the downward spiral of poverty (20).
Likewise, locusts and grasshoppers are only two of
many types of pests that threaten their crops. For
long-term development to succeed, it seems that
far more attention must be pid to how pest
problems interact with otherdifficulties and to the
development implications of grasshopper and
locust control.

In this context, plant protection needs to be
viewed as a process that integrates local, national,
regional, and international components. Many
farmers and herders have few options for control-
ling large upsurges of locusts and grasshoppers
when prevention fails. They may need assistance
during that difficult, but brief, period in which their
losses can be severe. Thus, short-term relief may
be needed locally, either to prevent crop damage
or to enable farmers to recover from that damage,
preferably in forms that contribute to long-term
development.

Individual or Multipest Strategies?

General agreement exists that sustainable
protection of crops and livestock requires com-
prehensive, multipest management solutions. But,
some do not agree that management strategies for
locusts and grasshoppers should be integrated into
multipest management schemes of single organiza-
tions, such as the national crop protection services.
They note that certain insects require distinctly dif-

Dale G. Bottrell. ‘locusts in Africa and the Middle East: Summary of Response% to OTA Questionnaire,” contractor report

ferent control efforts by actors at different levels.
Some species, e.g., the Senegalese grasshopper
and African Migratory Locust, breed in areas
where dryland farming predominates and can be
monitored by farmer committees and integrated
into multipest management by the national crop
protection services and farmers. Generally this
approach could apply to most grasshopers. On
the other hand, species such as the Rd [Locust,
Brown Locust, and especially the Desert Locust,
breed in remote areas and migrate across boun-
daries. They may be more effectively dealt with as
individual species based on interstate or regional
cooperation. Propsals are now being considered
for aregional ad hoc task force to control the
Desert Locust in “strategic” areas outside of West
Africa’s croplands. The same role was proposed
for the regional organization DLCO-EA in East-
ern Africa.

However, addressing locust and grasshopper
problems within the context of broader pest problems
would have several advantages: costs would drop
relative to benefits because benefits would accrue
each year rather than sporadically; institutional con-
tinuity and expertise would be built; already-exist-
ing organizations could respond more quicly to
outbreaks and they could accommodate shi ffing
pest problems methodically; pesticides could be
turned over and replenished more rapidly so less
waste would occur (95). The constraints to adopt-
ing a multf est strategy are ofter political and
institutional rather than technical. Ifthey can be
overcome, economic savings and improved chan-
ces of sustainability maybe achieved.
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When and Where Should Control Programs
Be Mounted?

During the recent grasshopper and locust
campaigns vast areas were sprayed with insec-
ticides. The high costs of these efforts, including
the less clearly documented environmental costs,
require a reexamination of where and when spray-
ing should be done when future outbreaks occur.
Some decisions could be worked out ahead of
time, e.g., the level of infestation required for
control of the various species, by representatives
of African and donor organizations. Alternately,
various control strategies could be selected and
coupled with improved plans for carefully
monitoring their impact.

Many experts conclude that early treatment,
especialy of hopper bands, is most efficient, and
the economic, Institutional, and environmental
costs of control increase with waiting (99). For
example, carbaryl and mal athion are much more
economically applied ag?ai nst U.S. rangeland
grasshoppers earl in their life cycle; optima con-
trol occurred at tie fourth instar when grasshop-
pers were beginning to cause enough crop damage
to justifycontrol costs yet populations were still
relatively small so control could be limited (66).

On the other hand, some propose |ater treat-
ment, perhaps waiting until swarms pose an actual
threat to crops and not spraying rangeland and
forests at all unless they border threatened
cropland. This approach increases the risk of crop
damage because insects can move quickly and sig-
nificant time is required to mount a spray opera-
tion. When environmental conditions are right, for
example, gregarious swarms of the Desert Locust
appear more or less simultaneously over alarge
area (4). Under these conditions insects could
threaten crops before a spray operation could be
mounted. Thus, a late spraying approach may have
high political costs (71, 121).

Others propose careful review of the lessons
learned in controlling analogous pests, such as the
Australian Plague Locust or quelea birds. Quelea
bird @/ulations can increase rapidly after rains,
but the control strategy is to kill only those birds
actually attacking crops. Likewise, methods
devel oped el sewhere to make pest control more
effective could be applied to locust prcgrams. For
example, general information is availale on the

relative merits, disadvantages, costs, and uses of
various ground- and aerial-spraying methods (95,
118). Some pest surveys have been organized for
international chemical control efforts, but little
information is available on nonchemical efforts
(37). And few of the recent grasshopper and
locust spray operations were followed by post-ap-
plication assessments of numbers of insects killed
that would help in future decision-making regard-
ing control tactics.

The U.S. Forest Service (USFS) developed a
ern for monitoring gypsy moth populations to
etermine When and whereto mount control and for
assmsir;igwtrol operations to determine which were
most ive. This pro gm illustrates the type of
work needed to improvelocust and grasshopper con-
trol. Specia “forest pest management” groups lay
out plots for gypsy-moth treatment and decide the
appropriate time to do treatment, based on a
threshold number of eggpods and stage of develop-
ment of the caterpillar. Aerial treatment is done
during specified weather conditions. Then, the pest
management groups revisit anumberof treated plots
at 7, 14, and 21 days to check the number of insects
killed. Usually thesameteamdoepre-ana post-ap-
plication assessments. Dataonapp icatiomésg., for-
mulation, characteristics of the equipment and
plane, pilot’s name) and, when possple, treatment
results for each plot are recorded on standardized
forms. From this data, the USFS |earned that results
depended significantly on which pilot did the spray-
ing, and that treatment should begin at lower
thresholds so that smaller areas could be e?[F'ayed
(59?. These methods and lessons may belirectly
applicable to grasshopper and locust programs.

Resolving issues of when and whereto control
locusts and grasshoppers is USAID’s responsibility.
Policymakers need to listen to all sides of the
debate, examine available evidence, and then
determine ways to be more selective regarding
timing and target sites to reduce costs (including
environmental costs) and maximize effectiveness.

WHAT CONTRALTO USE: THE ROLE
OF TECHNOLOGY

The choice of technology to control grasshop-
pers and locusts, as for other purposes, carries with
it a variety of consequences. Some technologies
can play a strong development role while others
can hinder development. Often, support for in-
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dividual types of technologies sets up complex
trade-offs.

The decision to support widespread pesticide
use for agriculture is such a case. In effect, donor-
supplied pesticides subsidize high pesticide use.
Because of these subsidies, users paid from 85
percent to only 10 percent of the real cost of
pesticides in one stucy of nine developing
countries. Users paid only 11 percent of the real
cost in Senegal and 33 percent in Ghana, the two
African countries included; these subsidies were
worth $4 million and $20 million, respectively (80).
As a result, farmers have decreased or abandoned
alternative control methods-such as sound
agronomic practices and varietal selection—in
favor of pesticides. The social and environmental
side effects of these changes are largely undocu-
mented but may be signfileant. For example, in-
creased pesticide use was among the factors that
accompanied the increased commercialization of
agriculture. This process has increased demands
on women farmers’ labor, reduced the amount of
food grown for local consumption, and en-
couraged planting higher value crops.

Today, widespread pesticide spraying is the
predominant technolgyused against grasshop-
pers and locusts. Usually, effective pest manage-
ment for crops includes a larger number and wider
variety of options (table 3-2). Implementing a
long-term development approach to locust and
grasshopper management requires broadening
the current range of technolcgies and identifying
or developing ones that can %e used by various
groups in environmentally, economically, and in-
stitutionally sustainable ways. Integrated pest
management, joined with various forms of early
warning, are two types of technology that hold
promise. Both require additional research to be
fully operational.

Integrated Pest Management

Finding: Integrated pest management is
USAID’s stated policy, but many elements of such an
approach were not adequately emphasized during the
recent grasshopper and locust campaigns, partly be-
cause of lack of available technology and partly be-
cause of the poor performance Of donors and African
agencies. | f USAID intends to implement & policy
fully, the Agency must support research to develop
alternatives to widespread Spraying, collect data on

economic injury levels of crops, assess the effectiveness
of various control strategies, and revise its approach
based on these efforts.

Integrated pest management is “the optimiza-
tion of pest control in an economically and ecologi-
cally sound manner accomplished by the
coordinated use of multiple tactics to assure stable
crop production and to maintain pest damage
below economic injury level while minimizing
hazards to humans, animals, plants, and the en-
vironment. In its broadest form an 1PM prcgram
encompasses all significant components & the
agroecosystem-soil, crops, water, air, insects,
pathogens, weeds, nematodes, and other or-
ganisms--which interact among themselves and
with other components of the system.” (125).

Integrated pest management combines a
variety of control techniques to reduce and keep
pest populations at acceptable levels, based on
criteria of crop yeld, profit, and safety. It seeks
maximum use d biological control, pest-resistant
crop varieties, and cultural practices. Pesticides
are normally used only after the target pest
reaches an infestation level called economic
threshold or economic injury level, i.e., a pest den-
sity at which the costs of control “just equal crop
returns. Even if insecticides areli e on?'control
option available, an 1PM ippreach stipulates that
the chemicals be used as effectively and efficiently
as possible and their environmental and health
impacts be monitored carefully.

Furthermore, 1PM can be described as a way
of thinking, a process of dealing with a problem
holistically. This approach requires flexibility and
the ability to deal with multiple factors at one time.
Practitioners must be discriminating, adapting the
same principles to different situations, rather than
applyng a single solution to all cases in a narrow,
blackor white way of thinking. In this sense,
mediating diplomatic solutions to border disputes
could be considered part of an 1PM strategy for
locust control in Africa.

Promotion of 1PM is USAID policy. However,
it still is not used widely within USAID’s agricul-
tural and health projects. The Agency tends to
support 1PM in special pr(?jects rather than in-
tegrating it into overall deve lopment strategy and
programs (22). Many feel that USAID should
support increased research on 1PM and make in-



Table 3-2—Control Tactics Now Employed Against Magjor Pests of Wheat in the U.S. Great Plains and Sorghum in Texas

Host | Cultural \ Chemical | Other
plant Elimi- Crop Predic-
resist- |Sanita- nating rota- Planting Cllean Water Fertility Monitor- tive
Major pests ance | tion hosts tion date Seed nmgnt. mgnt. Tillage | Soil Seed Foliar| ing models
Wheat:
Hessian §° 1 1 3 2 2 1 2 1 1 1 2 2 1 1 3 1
Greenbug 1 1 1 1 2 1 1 1 1 2 1 1 1 3 2 1
Wheat stem sawfly’ 1 1 2 1 2 1 1 1 1 1 2 1 1 1 2 1
Army worms’ 1 1 1 1 1 1 1 1 1 1 1 1 1 3 2 2
Cutworms’® 1 1 1 1 1 1 2 1 1 1 2 1 1 3 2 2
Aphids’ 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1
Grasshoppers* 1 1 1 1 1 1 2 1 1 1 1 2 1 3 2 1
Wheat stem mggot® 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1
False wireworm 1 1 1 1 1 2 1 1 1 1 2 2 1 1 2 1
True wireworm® | 1 1 | 1 2 | 1 1 1 2 2 1 1 2 1
Sorghum:
White grub 1 1 1 2 2 2 2 1 1 1 1 3 1 1 1 1
Wireworms 1 1 1 2 2 3 2 1 1 1 1 2 3 1 1 1
Greenbug aphid’ 2 1 3 1 1 1 2 1 1 1 1 1 1 3 2 1
Fall army worm 1 1 1 1 1 1 3 1 1 1 1 1 1 2 1 1
Beet army worm 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1
S.W. corn borer® 1 1 1 3 1 2 2 1 1 1 1 1 1 1 1 1
Sugarcane borer 1 1 1 3 1 2 3 1 1 1 1 1 1 1 1 1
Chinch bug A 2 1 2 1 2 1 1 1 1 1 1 2 1 1
Sor ghum midge” 1 1 1 1 1 1 3 1 1 1 1 1 1 3 1 1
Sorghum webworm 1
NOTES:
dpredators and parasites
introduced pest
‘native pest

KEY: 1 =little or no use
2 = some use
3=major use

SOURCE: U.S. &())ngrea Office of Technology Assessment, Pest Management Strategies in Crop Protection, vol. 1- Summary (Springfield, VA: National Technica Information Service, October
1979, pp.22, 54).
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creased efforts to integrate 1PM in the majority of
its agricultural programs. Generally, the concept
of IPM is not well-understood jy decisionmakers.
For example, most USAID of icials responsible
for the grasshopper and locust program maintain
that 1IPM does not apply to grasshopper and locust
control during upsurges (44).

However, various elements of 1PM neverthe-
less were clearly appropriate during the recent
campaigns and poorly implemented:

Optimization of control-This refers to effi-
cient and effective use of resources, differing from
maximization of control. The large numbers of
hectar es sprayed could have been treated far more
effectively with available technologies. Pinpoint-
ing targets, improved consideration of wirddrift,
groundtemperature, time of day, stage of insect
development-among other things-would have
greatly unproved efficiency.

Multiple control tactics-These were not used
because control methods against migrating swarms
are limited. The lack of alternative methods, how-
ever, reflects the lack of resources and low priority
given to developing them. Donors could have set
aside more resour ces for developing alternatives
rather than spending the overwhelming propor-
tion of their funds on emergency spraying.

Pest damage kept below the economic injury
level (EIL) to maintain stable crop production-
Major crop loss due to grasshoppers and locusts
did not seem to occur at the national level in 1986
to 1989, although someindividual farms suffered
significant losses (18). By and large, swarms did
not affect croplands. In some cases, spraying
seemed to protect crops. Thelack of dama e can-
not be attributed automatically to contrd, how-
ever, because of the complex relationship ameng
increased rainfall, insect upsurges, and crop yield.
High rainfall in the mid-1980s increased crop
growth in many areas, making “stable crop produc-
tion” difficult to calculate. Reliable data needed to
sort out these various factors are lacking so it is
also difficult to determine economic injury level
accur ately. Even so, little, if any, effort was made
to base decisions to spray particular areas on such
a determination.

Minimal hazards to pecple and the environ-
ment—-Atbest, this element ofIPMwas not carried
out consistently, despite efforts by USAID and
others. For example, broad-spectrum insecticides
killed nontarget organisms, and disposal of excess
pesticides and their containers remains
problematic.

Relatively workable 1PM programs have been
developed for a range of pests and crops and are
being used in some devéooping areag 3. The
cost-benefit analyses of those programs evaluated
generally show a reduction in pesticide use and an
increase in profits (35). 1PM has not been em-
phasized in locust and grasshopper control in
Africa and the Middle East, however (95). Today,
biological control, cultural practices, and other
nonchemical components of 1PM cannot provide
the high level of control needed to stop gregarious
hopper bands and swarms of adults. These
methods might, however, contribute significantly
when used together or at early stages of an infes-
tation (9).

An effective 1PM program would aim to
revent serious locust and grasshopper outbreaks.
t could include activities at a variety of levels, but

regional aspects would be necessary due to the
cross-boundary migration of insects. New 1PM ap-
proaches would rely on controlling locusts and
grasshoppers at earlier points than achieved in the
recent campaign, similar to the “strategic control”
advocated by FAO for the Desert Locust, but
place a greater emphasis on using alternatives to
spraying as these become known or available.

Examples of 1PM strategies for grasshoppers
and locusts might include planting alternative crops
that are less susceptible to these nsects; increasing
animal production; developing cottage industries to
?reduce locust meal for food or to produce extracts
rom neem trees for use as an antifeedant (126), and
developing pesticide regulations to improve temi-
cal use. Sound land management-especially refores-
tation, upgrading range quality, and avoidance of
overgrazing and widespread burning-can suppress
grasshoppers and locusts and decrease suitable

reedingsites @). This and other approaches might
be pgﬁt of an [PM approach for some other species
as well.
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Certain gs&)ects of an 1PM &proach to
grasshopper ad locust problems coulbe imple-
mented immediately, e.g., improved use of pesticides.
In the short-term, improved regulation, selection,
storage, application, and disposal of pesticides maybe
the best strategy, especialy for reasserting control
after an UFSJI’ge (95). Mechanical and cultural
methods ofeontrol are also currently available and
these might be suitable for controlling small infesta-
tionsinclc%)sThey are most likely to be useful for the
Variegat édXasshopper, especially if paired with ad-
ditional training for extension agents.

Research on microbial and botanical pes-
ticides, insect population modeling, forecasting,
developing resistant crop varieties, and further
improvements in insecticide application offer a
better outlook in the medium and long-term(195).
Distinct approaches will have to be develope for
each of the major locust and grasshopper species,
however. For example, since the Desert Locust
eats many types of vegetation, developing resistant
plant varieties does not seem to be a feasible ap-
proach to controlling it.

Biological Control

Normally, naturally occurring biological con-
trol is not sufficient to prevent outbreaks of major
locust and grasshopper species (93). But enhanced
biological control-the use or encouragement of
natural enemies for the reduction of pests-is one
potential component of an improved 1PM ap-
proach. Locusts andgrasshoppers have an array of
natural enemies. So fr, these have not been used
in control campaigns, nor has what is known about
natural pest mortality been e:ploited to produce
predictable or consistent resuits (95). Some feel
that biological control offers considerable poten-
tial, although additional research and field testing
are required before their real value will be known.
Because of the priority currently given to chemical
control, much of the research on alternative
methods is in its early stages.

Some biological control agents, when pack-
aged, are called microbial pesticides. Most have
the advantage of easy deployment; they could be
formulated and sprayed or used as baits in much
the same way that chemical insecticides are now.
Some newer biotechnology may be helpful in

dcveloPngthe$e aternatives. However, microbial
controls require EPA registration for commer-

cidization and such approval is difficult to obtain
for _Fmetical_ly engineered microorganisms.
Similarly, African governments want reassurance
that these biological control agents do not pose
hazards to human or animal health.

Grasshopiers and locusts are susceptible to
infection by tacteria, viruses, fungi, and protozoa
and several potential new microbia control
methods are being tested. Nosema locustae, the
first protozoa registered by EPA for use against an
insect, is approved for control of U.S. rangeland
grasshoppers. Developed at USDA’s Agricultural
Research Service's Range Insect Control Re-
search Unit in Bozeman, Montana, it is sold com-
mercially as Nolobait. Used with a wheat-bran bait,
it takes 3 to 4 weeks to kill 50 to 60 percent of the
insects and persists for two seasons because it is
passed from one generation to another. It isless
expensive than chemical insecticides and does not
adversely affect beneficial species or other natural
enemies (21, 88). Field experiments in Cape Verde
and Mauritania showed that native grasshoppers
were infected with Nosema (39) but did not deter-
mine whether it could suppress grasshopper out-
breaks (9). USAID supported Nosema research in
Mali; it was stopped in 1988 due to Malian
Government fears of possible hazards (99).
USAID supports further work on Nosema and
other microorganisms in Cape Verde by USDA
scientists and the national agricultural research
service. Several recent studies suggest that further
research in Africa on various pecies of Nosema
ma)%a otf ‘or grasshopperand locust control (95,
99). USDA and other researchers began examin-
ing viruses as potential control agents because
viruses are more deadly, Kill faster, and could be
used in combination with slower-acting microbial.
For example, an entomopoxvirus for the Senegalese
grasshopper shows potential as a microbial control
agent (94). The fungal pathogen Entomophaga gryl-
li attacks some locusts and grasstoppers. It has not
beenstudied in Africa orthe Midlle East (95), but
its potential in semi-arid areas where most grasshoppers
occur seems small because fungal development
depeds on high humidity (94). It may be useful in

rica’s humid areas, however, far these same reasons.
Some new strains of spore- or toxin-formirg bacteria
(like those used already for biological contro for other
insects) might be isolated from locusts and grasshopgers
(78). Rickettsia are virulent to grasshoppers, but heir
use may be too hazardous to have much potential
because they also infect vertebrates (94).
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Other Biorational Controls Materials

These include botanical pesticides and
pheromone traps-alternatives to Synthetic chemical
Insecticides. One botanical insecticide has received
attention, especialy for its antifeedant effects. Ex-
tracts from neem trees (Azadirachta indica) dis-
courage locusts, grasshoppers, and other insects
from eeding on palats to which it is applied (ngln
India, neem spray and dust protected cropgrom
Desert Locusts and, in Togo, neem repelled gras-
shoppers. However, 1988 trials at Internationa
Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) Niger were less than successful and
indicated thet farmers might be unwilling to invest
the labor or funds to use neem orJ grain crops, since
repeat appications are needed (99). A neem insec-
ticide, Margosan-0, is being distributed in the
United States by W.R. Grace and Co., but EPA has
not appioved its use for food crops. The authors of
USAIDs Proogmmatic Environmental Review
and the AELQA evaluation supported further re-
search on neem as an antifeedant.

The Egypan Government supports research
on the antifeedant properties of a number of in-
digenous plants, and the German Agency for
Technical Cooperation (GTZ) funds trials with
neem, Nosema, and other natural agents as part of
its program of developing alternative methods of
locust and grasshopper control (107).

The International Center on Insect Physiology
and Ecology (ICIPE) and others are attempting to
identify natural attractants. Recently, ICIPE
achieved some success using pheromones (natural
attractants)as bait to trap certain species of the
tsetse fly ington Post, April 3, 1989). Like
biological control agents, attractants are usually
narrow-spectrum and thus less harmful to nontar-
get organisms and the environment than broad-
spectrum chemical insecticides. The potential for
using pheromones for grasshop r or locust con-
trol is not known and many fee that pheromone
work is not justified for this reason (6).

New Research on Alternative Controls
Those en aged in planning and conducting re-

search on biofogical control agents, especially the
microbial ones, stress that it maybe 8 to 10 years or

longer before these will be ready for large-scale
use (55, 65). First, the microorganisms have to be
identified and isolated from locusts and grasshepers
in Africa (40). Then various formulations myst befig d
tested against target species and nontarget organisms
under various conditions and these results cor-
roborated. Finally, ways to mass-produce and appl
the agents must be developed and tested. Researc
projects such as these require long-term institutional
support for an agency to attract qualified scientists and
sustain their work.

The International Institute for Tropical Agricul-
ture (IITA) recently betfan amajor research effort
on biologica control @ grasshopper and locusts.
The $1.0 million USAID-funded project aims to
develop strains of two fungal pathogens recovered
from locusts and grassnoprs in Africa” as biological

ticides and fie:d test ttem in the Sahel. WorkWill

led by scientists from the London-based Com-
monwealth Agricultural Bureau Internationa’s In-
stitute for Biological Control at IITA’s facility in
Benin.

ICIPE also pro a maor research initiative.
By kam,léiP dadeceived $0.5 million from
the World Bank and African Development Bank
toward the $14 millionequested for the first 5-year
hase, 1989 to 1993. ICIPEs proposal encompasses
areas of research on alternative control methods,
including biorational agents and improved chemical
insecticides:

e population dynamics (to detect potentially
dangerous populations during recessions);

e pheromones and kairomones (to use as
attractants in locust control);

¢ endocrinology of locust phase-changes and
gregarious behavior (to pinpoint targets for
growth regulators and broad-spectrum chemical
; cides)

b

e biological control (to augment role of
pathogens an( arasites, includilienhancinf
their virulence y genetic manipu dtion); an

e new approaches to the use of baits (since they
tend not to affect natural enemies and
nontarget organisms).
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Monitoring Insects, Weather, and Vegetation

Finding: Technologies for ground monitoring
insect populations are adequate but sometimes are
used ineffectively. Technologies for monitoring from
the air tend to be imprecise and their results often
delivered late. Therefore, technological and institu-
tional improvements are needed for ground and aerial
surveillance and forecasting, necessary components of
a preventive Sirategy.

Monitoring is essential for a number of purposes.
A preventive approach to locust and grasshopper
control requires forecasting, ground monitoring, and
early treatment to interrupt swarm formation. Effec-
tive pest management strategies require monitoring,
or tracking, insect populations before control to find,
identify, and delimit infestations and further monitor-
ing after control to assess its effectiveness. Famine
early warning systems benefit from information on
fluctuating insect populations.

Technologies

Methods already exist for monitoring pest
populations on the ground and for measuring the
impacts of control but their use needs to be im-
proved, especially by increasing national capacity.

Today, most remote sensing and forecasting
work is done by expatriates at scientific centersin
Europe, the United States, or regional centers
without ate, timely, and accurate field data.
Consequently, African field programs remain
largely untouched by the technological advances
at remote sensing centers; quickly exchangig in-
formation between the field and centersis di%f%cult
(95); and often forecasts are wrong.

Anarrayof detection strategies, each appropriate
fors ¢ times and locations, canitiiprove forecast-
ing. Some information can be obtainednly by ground
suneyzams (insect species, stage of development,
population density). Other information can be ob-
tained best from aircraft and satellites (current and
likely future vegetation, wind and rainfall patterns).
Combining remote sensing data with maps showing:
1) political boundaries, roads, and landmarks, 2)
historic breeding areas and migration patterns, and
3) insects’ soil and vegetation preferences can be used
to help ground survey teams select high priority areas
for monutoring. (George Popov prepared maps on the
preferred habitats of the Desert Locust in the Sahel

for FAO but these are not yet available to national
crop protection services.)

All aerial survey methods requireground
verification. Thus, they cannot substitute for cru-
cia ground monitoring and improved integration
of the two methods is critical. For example, infor-
mation from remote sensing could better guide the
work of ground teams just as insect population
data from ground teams could supplement the
vegetative cover data provided by remote sensing.

The most critical component of earlty detec-
tion of pest populations is a network of trained
ground observers (37) with adequate equipment.
Thus, training remains one of the most important
needs for improved field applications of forecast-
ing. Training could encourage managers to make
greater use of remote sensing and provide a cadre
of field officers for various early warning and sur-
vey activities, including data interpretation (95).
Certain aspects of monitoring programs are un-
resolved. For example, some feel that a monitor-
ing system designed for pest complexes would be
a more efficient use of resources than ones
designed for single insect pests. Any effective sys-
tem, however, must include many levels of or-
ganizations, working within the framework of
national and regional programs, to improve ac-
curacy and sustainabiTity.

Types of Early Warning and Forecasting Systems

Current early warning systems combine remote
sensing data with other aerial, ground, and statistical
information for a variety of purposes, such as agricul-
tural and environmental assessment and resource
management (45). AGRHYMETdata, for example,
% elzljsed for crop and pasture monitoring in the

Several groups monitor pest damage as one of
several mgjor risks to agricultural production to
predict food shortages and famine, and thus an-
ticipate the need for food aid and other forms of
assistance. USAID’s Famine Early Warning Sys-
tem (FEWS) and FAO'S Global Information and
Early Warning System are examples.

Three major organizations make or plan to make
locust and grasshopper forecasts specifically: 1)
FAO/ECLO through the ARTEMI (Africa Real-
Time Environmental Modeling Using Imaging Satel-
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lites) project, 2) the French research agency, PRIFAS
de Recherches |nterdisciplinary Francais
sur & Acridiens au Sahel, reorganized now as
Acridologie Operationnelle-Ecoforce Internationale),
and 3) the Permanent Interstate Committee for
Drought Control in the Sahel (CILSS) meteorology
agency, AGRHYMET (99). These type of programs
have significant potential. For exanp le, a model
predicting upsurges and locations @ the African
Migratory Locust, devel oped by a pint FAO/U.N.
Development Programme project, reduced annual
scouting efforts from 144 to 90 person-months (2).

Current programs also have serious limita-
tions. Reports from PRIFAS and ELCO often are
not quantified, detailed, or timely enough to be
useful in the field. For example, Operation SAS
Surveillance des Acridiens au Sahel) was estab-
lished within the French PRIFAS for rapid collec-
tion of field observations from a Sahel-wide
network. However, data collection has been slow,
sporadic, and incomplete, preventirg reliable
prediction (99). Also, the biweekly SAnewslet-
ter has been istributed too slowly for recipients
to use it for planning; it is used primarily as a
situation summary. SAS first constructed a predic-
tive model for the Senegalese Grasshopper and
used historical records, G. Popov’s qualitative
vegetation and soil maps, and AGRHYMET
weather data (often relying on 30-year averages)
but not remote sensing data. In the paslg;years,
PRIFAS has been developing a similar mdel for
the Desert Locust and is working with
AGRHYMET to set u a locust survey and warn-
ing service for the CLS countries (75).

The ECLO in FAO/Rome provides faster in-
formation because its monthly “Desert Locust
Summary” is sent by fax. FAO combines data from
field reports and remote sensing. Originally, FAO
used Landsat data, but now uses Meteosat and
National Oceanic and Atmospheric Administration
(NOAA) imagery in the Dutch-designed
ARTEMIS system. FAO also uses this technology
to produce 10- and 30-day rainfall maps, relying on
the European Centre for Medium-Range Weather
Forecasting for forecasts of temperature, pressure,
wind, and rain for up to 5 days in advance (13). Like
the SAS Bulletin, however, FAO’S “Desert Locust
Summag"‘ is lagued:dy gaps in coverage due to
missing field data (95).

FAO'S separate “Update” includes a general
status report, a 1-month forecast, descriptions of
weather and ecological conditions, specific country
information on pests sighted and assistance re-
quested, and assistance provided bydonors. Recent-
ly, ECLO entered historical data on locust plagues
in its computerized database and plansto use it in
forecasting locust migration patterns.

Remote Sensing and Greenness Maps

Satellite-based wesather, vegetation and land
surveys, maps, etc., are all rlkely to be useful for
building scientific institutional capacity in African
countries. Such information can be used for govern-
ment @arming and regulation and for monitorin
desertification, vegetation, surface features, win
patterns, etc. Probably satellite-based remote sens-
ing will be used less for locust and grasshopper
forecasting and control than for these purposes. In
1988, the multidonor Club du Sahel commissioned a
study of 50 remote sensing projects in the Sahel.
Remote sensin seemedvxzusef ul for climatologi-
cal applications, less useful tor crop monitoring (al-
though vegztation indexes were of some use), and
least usefulfor forecasting yields because of difficul-
ties in measuring crop acreage and discriminating
between crops (67).

USAID sponsored the development of green-
ness maps, one particular type of veéetati on Index,
by the U.S. Geological Survey (US5S) in 1987.
Greenness maps were furnished to five Sahelian
countries every 2 weeks between 1987 and 1989 by
the USGS EROS (Earth Resources Observation
Systerrs) data center in South Dakota, using data
from satellites. These maps showed chan-
gesinvegetation overtime. FAO’s ARTEMIS pro-
gram aso monitors rainfall and changes in vegetative
cover. These maps helped field teams identify
places where locusts might be found and areas
where %lround surveillance was not needed (95),
especially in places where rainfall is irregular and
ground cover inconsistent.

The USGS greenness maps were valued highly
by those interviewed during the AELGA evalua-
tion but were judged not too useful for making
control decisions because delivery to Africa took
up to 2 weeks (in 1987) or 8 days (in 1988). As a
result, maps were sent by fax to Mauritania and



Ch. 3-Strategies for the Future « 83

Niger by late 1989 (121). Both USGS and the
ARTEMIS maps have another weakness that is
less easily corrected. Areas with very low amounts
of vegetative cover may not show up on existing
satellite imagery yet be areas where potentially
damaging Desert Locust populations develop
(13).

Imagery for grasshopper and locust control is
or can be provided by several types of satellites:

« Meteosat, operated by the European Space
Agency;

. weather satellites operated by NOAA (part
of the U.S. Commerce Department);

. Landsat, developed by the National
Aeronautics and Space Administration but
owned since 1984 by the private U.S. Earth
Observation Satellite Co.; and

. the French %eme Probatoire d’Observation
de la Terre ( $B®T) (figure 3-1).

The first two are used by those monitoring
insects now; the second two provide more detailed
information on land cover. Landsat has greater
resolution than NOAA'’s polar orbitirg satellites
but NOAA provides daily coverage while Landsat
passes over the same areas only once every 16days.
Landsat has not proven capable of monitoring
crop production (26) and obtaining Landsat data
is more expensive than from NOAA satellites so
FEWS and USGS rely on NOAA's system. In
general, a confusing array of Earth-monitoring
satellites exist, and the U.S. Government has been
criticized by scientists and others for having spent
too much on satellite hardware that produces too
much inaccessible and unanalyzed data (56).

USAID plans to transfer significant aspects of
U.S. remote sensing application to locust forecast-
ing to African countries or regiona organizations
(62). USGS, which hassipo rtedAGRHYMETfor
anumber of years, recently trained AGRHYMET

staff and key personnel of the Sahelian national
Crop protection services to use greenness Maps.
Also, USGS technicians are training
AGRHYMET staff to produce and distribute
their own greenness maps (99). AGRYHMET is
expected to provide this service to its nine member
states in 1990, according to some sources (45,622,
or within the next 3 years, according to others (99

Similarly, USGS is transferring greenness map-
making capability to Tunisia for Northwest African
and planning to develop it in Djibouti for the six
East African nations (62). USAID is funding in-
stallation of a satellite dish in Niger so
AGRHYMET will be able to receive data directly
from the NOAA weather satellites.

Currently, remote sensing for early warning of
§rasshopper and locust upsurges is not considered
ully operational nor does rapid transmission from
satellite to Earth ensure that all stages of data
gathering, analysis, and use are coordinated and
rapid (95). One perceived danger is that, as these
programs develop, remote sensing will dominate
other types of information-gathering, thereby reduc-
ing the resources available for field scouting. For
example, observers are concerned that FAO’s Inter-
est in a very expensive, centralized program based in
Rome m%precl ude other, less glamorous, ap-
proaches. On the more promising side, plans exist to
extend satellite-based monitoring to other impor-
tant migratory pests such as the grain-eating quelea
bird, the African Migratory Locust, the Senegalese
Grasshopper, armyworms, and the Red Locust (95).

The various groups conducting early warning
and remote sensing activities do not necessarily
duplicate efforts because they operate with dif-
ferent mandates for research, applications, infor-
mation dissemination, and training. Nevertheless,
clear duplication of effort exists and improved
coordination and cooperation is needed (95). In-
ternational organizations are most suited to provide
support for remote sensing, due to the high cost of
equipment and the complexity of support services, but
regional groups might be responsible for establishing
uniform reporting systems.
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Figure 3-1-Principal Satellites Used in Early Warning and Forecasting
Meteosat (geosynchronous)
< 7 3580 kn. alitude
2 Images hemisphere every
30 minutes

Landsat
705 km. altitude
16 day repeat cycle

NOAA 9 and 10
833-870 km. altitude
Daily coverage

SPOT

832 km. altitude

26 day repeat cycle
(more frequent imaging of
selected areas upon command)

Data reception station
for each satellite

Swath width

185 km.
60 km.

widh 2760 kilometers

Image Resolution

10 meters, 0.01 ha. panchromatic bands SPOT
20 meters, 0.04 ha. multispectral bands SPOT

30 meters, 0.1 ha. thematic mapper (TM) Landsat
—80 meters, 0.5 ha multispectral scanner (MSS)Landsat

Advanced very high resolution radiometer (AVHRR)

- NOAA 9 and 10 satellites ——
1.1 kilometers, 120 ha. local area coverage (LAC)
Y 4.0 kilometers, 400 ha. global area coverage (GAC) Y

SOURCE: TAMS Consultants, Inc. and Consortium for International Crop Protection, Locust and Grasshopper Control in AfricalAsia: A

Programmatic Environmental Assessment, Main Report, contractor report prepared for the Agency for International Development,
March 1989, p. D-7.
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Chapter 4

Policy Options for Congress
and the Executive Branch

WHERE WE STAND TODAY

Oversight, Not Micromanagement, |s the
Goal

OTA'’s work suggests that no major new U.S.
authorizing legidation is needed to improve locust
and grassho%e control at this time. Supportive
elements cou Ribe added to the Foreign Assistance
Act or the Farm Bill, however. These laws set out
key dimensions of U.S. foreign aid and agricultural
policy. Thus, this legidation could agpropriately
include statements regarding U.S. acherence to
economically, institutionally, and environmentally
sustainable pest management as one element of
successful agricultural and international develop-
ment.

A great deal of uncertainty exists regarding the
nature of grasshopper and locust problems, the
costs, benefits, and impacts of control, and the
desirability of variouﬁuture ap roaches. OTA
cannot confidentﬁmggest speci {¢ areas in which
funding might be adjusted with numerical
benchmarks given this high degree of uncertainty.
The international controlefforts of 1986 and 1989
did little to resolve important questions. | nstead,
the U.S. Agency for International Development
(USAID) seems unable to:

. find long-term solutions to problems such as
grasshopper and locust upsurges that have
episodic and chronic dimensions;

. take advantage of recession periods to put
into place preventive programs; or

. resear ch alternative controls effectively.

In these circumstances, congressional action
mi ht best be directed toward helping U.S. offi-
cias decr ease the uncertainty surrounding locust
and grasshopper programs by requesting that
USAID carefully review what is known and not
known, assign prioritiesfor gathering information,
and improve strategies to deal with future pest
problems. Congress oversight role is key and this
can be done by the relevant authorizing and ap-

propriations committees. Boxes A through D set
out possible oversight questions and options to
help Congress play that role.

Congress' micromanagement of USAID is not
the goal. USAID’s failure to answer these strategic
guestions, however, hasleft a policy vacuum. If
USAID is unable to fill the vacuum, Congress has
little choice but to become more involved if U.S.
programs are to be effective.

Danger exists that the United States will
respond to the next pest upsurges in the same
costly way as before, with strategies based on ques-
tionable premises. Public support of disaster assis-
tance increases this probabil'mfr Danger also exists
that special interest groups wiill exert undue policy
influence and that decisions will be ill-informed.
For example, tied aid rquirements for the use of
American-made commo‘gties mean that U.S. pes-
ticide manufacturers have a vested interest in
maintaining a control strategy based almost ex-
clusively on insecticide use. They can be expected
to over-stress benefits, overlook difficulties of fol-
lowing safer practices in Africa, and minimize the
hazards of insecticide use. On the other hand,
environmental groups have legal power to sue
USAID if environmental laws and regulations are
not met. They can be expected to emphasize the
hazards of insecticide use, to over-stress the poten-
tial of aternative controls, and to favor natural
resource protection over economic development.

USAID responds to all of these pressures. At
the same time, USAID has the political and
economic power to influence, if not determine, the
shape of grasshopper and locust management
worldwide. U.S. financia contributions to control
are sizable and USAID has placed effective con-
ditions on the use of these funds. The United
States is perceived by many to have the technical
resources for pest management generally.

On the whole, USAID has assumed a reactive,
rather than a proactive, posture toward Congress
as well as other pressure groups. So far, USAID’s
grasshopper and locust work has escaped the kind
of scrutiny that it deserves. Generally, Congress

87
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reporting requirements have been counterproduc-
tive, deflecting attention from more fundamental is-
sues and glaring missteps:

Nena Vreeland of CDIE [USAID’s Center for
Development Information and Evaluation] found
out from interviews that [USAID] field professionals
spend about 6 percent of their time 0N reporting
requirements to Igress and another 20 percent on
reorting to IUSAID]/Washington. Asone
[&AID] staff member pomted out ‘Development
is something that [USAID] does on a Thursday
afternoon.” 8

Thus, OTA does not intend that the improved
oversight discussed here be done on a haphazard
basis by Congress nor be used by USAID to
generate stacks of irrelevant and unread paper.
Instead, Congress and USAID need to engage in
a thoughtful dialogue with effective follow-
through. Perhaps it is time to involve additional
outsiders’in this process and to mediate the
process deliberately. In this chapter, OTA high-
lights recommendations from several other recent
studies related to pest management in develop-
ment, then turns to policy changes within USAID
and options for Congress.

Recommendations From Other Studies

OTA'’s study complements three recent
reports (22, 95, 99). The options considered here
are generally consistent with recommendations in
one or more of the reports (app. F). Each report
fulfilled congressional requirements, each was
contracted externally but conducted with the assis-
tance of USAID staff.

USAID contracted Opportunities to Assist
Developing Countries in the Proper Use of A ul
tural and Industrial Chemicals (22) to comp y with
a 1987 Foreign Assistance Act amendment by
Rep. David Obey’s Appropfiations Subcommittee
on Foreign Operations, %xport Financing, and
Trade. It was Ere pared by the Committee on
Health and the Environment (which included rep-
resentatives of environmental groups, indus
labor organizations, and universities) with he-%
from the Conservation Foundation. Its scope in-
cluded chemical use for industry as well as agricul-
ture and industry; that distinguished it from the
following two reports.

A Programmatic Environmental Assessment
for African and Asian locust and rasshopper con-
trol programs (95) was preparé¢t by TAMS Con-
sultants and the Consortium for International
Crop Protection. This fulfilled USAID’sstatutory
requirement to assess the environmental impact of
overseas operations and the Agency’s internal en-
vironmental regulations. On the whole, this is
considered a comprehensive and balanced presen-
tation, and OTA’s analysis relies heavily on it.
Also, this report has had a significant impact on
USAID: a task force has met regularly since mid-
1989 to consider ways of implementing the report’s
recommendations.

The third study, a mid-term evaluation of
USAID’s Africa Emergency Locust/Grasshopper
Assistance (AELGA) project, was conducted by
Tropical Research and Development (99). This,
unlike the others, was not a complete y inde-
pendent external review because an USAID en-
tomologist served on the three-person analytical
team. It assesses the progress of a number of
USAID projects through mid-1989 with the em-

hasis on locust and grasshopper control programs
in five Sahelian countries.

The recommendations from these three
studies have some similarities and differences:

. Integrated Pest Management (ITM): The
Conservation Foundation rport and the
Programmatic Environmentl Assessment
emphasize that USAID should increase use
of 1PM, with the goal of making 1PM its
primary pest management approach as well
as its stated policy. But the AELGA
evaluation omits 1PM from its major
recommendations, confining the 1PM
discussion to an annex on research.

« Improved Use of Pesticides: All three
reports recommend improved use of
pesticides as consistent with an 1PM
approach, and they also stress the need for
monitoring health and environmental
effects of insecticide use and improved
environmental protection. For example, the
Programmatic Environmental Assessment
recommends prohibiting insecticide
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application in environmentally sensitive
areas (such as near bodies of water or in
areas containing endangered species),
minimizing the area sprayed, and using
economic thresholds for deciding if and
when to spray.

. Cumulative Impacts of Control: The
Programmatic Environmental Assessment
and the AELGA evaluation address the
problem of cumulative impacts of pesticides
used in health and agricultural programs.

. Trainin : gill emphasize providing training
and technical assistance to various groups,
such as crop protection personnel, USAID
staff, and African farmers, on various topics,
e.g., safe and sound pesticide use, storage,
and disposal.

. ControlAlternatives: All endorse increased
research on alternative technologies. The
Programmatic Environmental Assessment
and the AELGA evaluation advocate
field-based economic research as well. The
Conservation Foundation stresses linking
research with the perspectives of project
beneficiaries. The Programmatic
Environmental Assessment recommends
field testing Nosema and other biological
agents such as neem extracts.

. The Role of Different Groups: The
AELGA evaluation and Conservation
Foundation report give more attention to
institutional factors and USAID
management than the Programmatic
Environmental Assessment, although all
advise involvinginternational, regional,
national, and ocal organizations and
coordinating efforts.

In addition to these reports, USAID has its
own reservoir of newly acquired data. Some
preliminary work has been done by USAID’s Of-
fice of Foreign Disaster Assistance (OFDA) inter-
nally to tap lessons learned, mission cable traffic
contains similar lesson. The minutes of USAID
meetings in Harper’s Ferry, WV, and Dakar,
Senega govide some insights from the field.
Also, USAIT mission staff have access to informa-
tion from African government agencies that could
be compiled and analyzed. OTA finds that the

three reports described here, along with these
other sources of information, can form the basis
for initiatives in several important areas.

POLICY OPTIONS
Revising USAID’s Strategy

Finding: USAID’s strategy would require sig-
nificant changes if the United States wants fo play a
leadership role in developing sustainable pest
management strategies for Africa: giving higher
priority to 1PM; building inhouse scientific capacity
to improve its ability to use pesticides judiciously;
improving internal, interacencv. and international
coordination as well as improvingsupportfor various
other organizations involved in pest management.

The changes needed to improve USAID’s ap-
proach to pest management are substantial
enough to require a shift in the way the agency
views the gals of pest management and the ways
in which hose goals are implemented (box 4-A).
For example, USAID saw its strength in conduct-
ing aerial spraying in the recent emergency effort
(44). The United States contribution might in-
stead focus more substantially on using American
scientific expertise and other resources to develop
alternative control methods (including safer insec-
ticides and improved cost/benefit methods), to im-
prove forecasts, and to improve environmental
monitoring of insecticide use. Generally, the U.S.
strategy should lay out a long-term, multipest ap-
proacliwhere possible) to pest management, one
that would support preparedness and prevention
while minimizing pesticide use and increasing en-
vironmental and health safeguards. Also, thisplan
should carefully define complementary uses otdis-
aster and development assistance. Congress could

rovide USAID with overall direction, set time
imits during which this strategy should be
developed, implemented, and then evaluated, and
provide adequate funding for the initiative.

USAID currently has enough information to
revise the Africa Bureau’s 1987 Locust/Grasshop-
per Strategy Paper (113). Revisions should reflect
the full geographic and institutional scope of the
problem as well as its episodic and chrome dimen-
sions. For example, relevant regional bureaus, the
Bureau for Science and Technology, and OFDA
should participate in setting priorities for U.S.
programs during upsurges and recessions. Later,
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USAID should revise the 1989 Locust/Grasshop-
per Management Operations Guidebook to con-
form with its updated strategy. The revised locust
and grasshopper strateg{”jpmaipe might be incor-
porated in, or later appedetty, a USAID policy
document on pest management.

A number of the Programmatic Environmen-
tal Assessment’s recommendations directy relate
to strategic considerations and policy changes.
Many of these should be incorporated into the
revised USAID Strategy Paper and the updated
Operations Guidebook because this is the most
comprehensive analysis available on many of these
issues. USAID seems to be moving to implement
many of these recommendations. However, cer-
tain differences are apparent between the two sets
of priorities. For example, USAID is giving higher
priority to pesticide disposal and less to surveys of
environmentally critical habitats.

The AELGA Project

The major USAID funding of locust and
grassg(])_:p programs currently is through the 3-
year GA project slated to end September 30,
1990. While the AELGA project’s goals encom-
passed emergency and long-term development,
the individua%coomponents had not been careful]
tho;jgnt through and manys gcific activities sutZ
feredfrom poor planning. Peject assure gions
were not identified; constraints were not dealtt with
in advance; measurable objectives and realistic
milestones to measure progress were not set;
feasible management systems were not put in
place before funding began, etc. As a result, often
emergency and long-term elements did not rein-
force each other in practice. Even more impor-
tant, the list of things that were not done during
the recent control campaigns—for example, not
measuring insect kill-rates nor monitoring health
and environmental im acts of spray programs—
reflects the absence ofi udgeting time¢ personnel,
and resources for these activities dgring the
project planning and contracting processes.
These problems should be avoided in the next
phase.

A Role for Task Forces

OFDA forms task forces in response to
specific disasters with the goal of improving inter-
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agency coordination. When a given disaster is

ercelved to have run its course, OFDA disbands
its task Torce and other groups within USAID are
expected to carry on. OTAleund that the OFDA
Desert Locust Task Force, with its weekly meet-
ings and annual evaluation and planning con-
ferences, was generally effective in coordinating
the U.S. emergency response. For the locust prob-
lem, however, the task force’s position in OFDA
and its narrow mandate to coordinate the emer-
gency response had serious negative consequen-
ces. OFDA disbanded the Desert Locust Task
Force in June, 1989, and the people who built up
knowle(%e during this effort moved on to new
responsb ilities within USAID and other U.S.
agencies. The data collected during the task force’s
li%)'e was put into storage.

A similarly organized USAID task force with
a broader mandate to examine long-term pest
management might initially formuate an im-
roved USAID strategy and plan and oversee its
mplementation. The broader mandate would
imply a wider membership on the Pest Mana%e-
ment Task Force andgeater responsibilitiestor
evaluation. For examp #, persons with solid tech-
nical expertise and those representing research, in
addition to control, should be included. So should
representatives of private voluntary organizations
working with local farmer groups. Data gathered
during the course of an upsurge should be mined
rather than stored. The Pest Management Task
Force might also oversee implementation of
recommendations from the Programmatic En-
vironmental Assessment and coordinate the U.S.
response to various worldwide plant protection
initiatives.

Initially, this Pest Management Task Force
could commission an independent, external group
to examine the 1986 to 1989 locust and grasshop-
per control programs in Africa to determine
whether and/or how much these efforts con-
tributed to stopping the plague and where costs
might be cut. Attention should be given to iden-
tifying clearly where and when chemical control
programs are mounted most effectively and how
they could be minimized. Also, the group could
provide recommendations for future U.S.
programs. While this groupshould collaborate
with U.S. agencies, it shoulloe organized by an
outside group, such as the National Research
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Council, with official responsibility in the hands of
those outside the U.S. Government’s locust and
grasshopper control operations.

At the same time, USAID could conduct its
own evaluations of disaster assistance and pest
management. For example, USAID’s Center for
Development Information and Evaluation
(CDIE), which conducts evaluations of programs
both inside and outside of USAID, might examine
USAID’s disaster work, especially that of OFDA.
In the process, CDIE might identify broad lessons
learned about natural disasters, hazard mitigation,
the role of disaster planning, etc., as they relate to
insect outbreaks. In this context, the Federal
Emergency Management Administration’s ex-
perience with domestic natural hazard research
and planning may be relevant.

Implementing Integrated Pest Management

Finding: Mom fuldly using 1PM will require a
substantial investment in research, training of
Africans, and improved technical capacity among
USAID staff. Since IPM is a mulityponged systems
approach, ‘it wilt require renewed:fforts at coordina-
tion anddrawingtogether information from a variety
of sources. U.S. universities, government agencies,
and other donors.

The United States has important capabilities
to contribute to improved pest management via
1PM. Certain U.S. organizations and individuals
have substantial experience in using this gserns
approach. Likewise, USAID has staff vho are
knowledgeable about institution-building and
regulation of pesticides and the U.S. scientific
community has resources far beyond most
developing countries. However, policy changes
are needed if these capabilities are to be exploited
for improved 1PM (box 4-B).

The term “integrated eest management,”
derived from the earlier term"ntegrated Pest con-
trol," was introduced by the U.S. Council on En-
vironmental Quality in 1972. The Council
promoted 1PM as an environmentally sound alter-
native to the misuse of pesticides m large-scale
temperate agriculture. Use of the term soon

spread to those working with small-scale agricul-
ture in the tropics (8).

Developing countries usually modelled their
pest management programs after those of colonial
powers. So, national crop protection services, like
their donor counterparts, are oriented primarily
towards chemical control of pests. This orienta-
tion, however, is questionable when most of the
national crop protection services’ clients lack the
resources to adopt this control and some of their
existing agricultural practices might be better
adapted to 1PM.

It seems that USAID policy regarding 1PM
was not well understood nor fully implemented by
those who led the recent emergency grasshopper
and locust campaigns. USAID st(ip)ed funding
several regional longer term 1PM efforts in Africa.
Termination of funding seems justified for these
specific prejects but no alternatives were
develope dind funded. The agency has supported
imaginative and effective pest control approaches,
such as an 1PM program in Honduras, however. A
new USAID poy statement on 1PM, the Pest
Management fector Review, was planned (29) for
Spring 1990 but has been delayed until atleast
1991. This could clarify the Agency’s position, but
a corresponding reallocation of resources is re-
quired. To date, emergency control operations
have received far more resources than the various
elements of prevention, such as 1PM.

Research

Shifting from the current emergency focus to

a preparedness and prevention approach will re-
%uire that USAID tackle several types of research.
eveloping improved control programs requires a
long-term, stable research program with sizable
resources. The United States has a comparative
advantage in conducting research of this type and
Congress could encourage the U.S. Department
of Agriculture (USDA), Evironmental Protec-
tion Agency EEPA), artment of Energy
DOE), and the National Science Foundation
NSF), as well as USAID to support it. USAID
could explore “twinning” programs between U.S.
universities {land-grant and nonland grant col-
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leges and universities) and developing country
groul)s to conduct applied 1PM research and to
develop and implement training in Africa.

Providing pesticides, aircraft, and spraying
equipment consumed an inordinately large part of
U.S. resources in the recent canpaign. Stall, the
part of U.S. contributions currentyy des%nated for
development of biological control forlocust and
grasshgper problems mc?' be unwarranted be-
cause df biological contrdunproven potential.
So, important questions remain, especially regard-
ing future priorities of U.S. research.

USAID needs improved inhouse technical ex-
pertise and this is especially important if USAID
supports 1PM research programs. Deciding
priorities among research projects and making
specific funding decisions seems beyond the tech-
nical expertise currently within USAID. Without
such expertise, USAID pro gams suffer in quality,
become unduly influencedty political considera-
tions, and lack continuity. While USAID has al-
ways relied on contracted expertise, many find
current trends disturbing. USAID is known to
have minimal technicah abili]kgin pest manage-
ment (22). It seems thalr,’ESA[ as increasingly
fewer career professionals with technical expertise
and that the agency has problems retaining those
it does have(132). Some experts contend that
other donors, such as the Dutch, West Germans,
and French, did a better ‘pb tapping their
countries’ technical expertise for grasshopper and
locust problems.

Overall, U.S. Government agencies pay ex-
perienced scientists less than the private sector. In
addition, USAID incentives reward those who
plan-rather than carry out—-programs. USAID
field staff with general administrative experience
and degrees in political science and economics are
in a poor position to monitor the scientific merit
of ongoing work related to scientific and technical
issues (129). As a result, many layers of review by
outside experts and other USAID staff in
Washington are required, adding to the cost and
time required to complete a given activity.

Research programs should take place in Africa
as much as possible, include gender and family
systems analysis, focus on the neediest farmers and
herders, andap indigenous knowledge as well as
“frontier” technology. For example, efforts to im-

plement an 1PM approach must include a sophis-
ticated analysis of gender and family roles in
agricultural production and the application of this
analysis to proposed efforts. Women’s agricultural
roles display very different patterns in different
African countries, and too often new technologies
have increased their labor or decreased their share
of the benefits.

Appl ing IPM to African realities will be chal-
lenging or American and European scientists.
African scientists familiar with” their environment,
and able to speak the small farmers’ language(s)
may be better positioned to conduct this research
than others. A small competitive grants program
to support IPM-related research by Africans might
encourag, this type of work while bypassing the
financialand management problems that were
typical of the failed Permanent Interstate Com-
mittee for Drought Control in the Sahel (CILSS)
1PM project (136).

The Pest Management Task Force discussed
above might designate a standing Research Ad-
visory Committee, comprised of experts in 1PM, to
assist USAID in deciding which research topics are
most important to support. Members of the com-
mittee might assist UNAID in designing realistic
requests for proposals and selecting the re-
searchers to carry them out. The committee,
therefore, must be informed of: 1) the U.N. Food
and Agriculture Organization (FAO) progress on
research priorities regarding African grash oppers
and locusts, 2) African and European researchers’
work on African insects, and 3) relevant research
in Canada, Australia, and the United States
regrding other types of grasshoppers and locusts.
USAID could tap the modeling work of other
Federal agencies and university scientists to im-
prove forecasting. New or improved pest popula-
tion and migration models are potentially very
useful, especially for the African Migratory
Locust, the Desert Locust, and Senegalesc
Grasshopper.

Training

Generally, training is cost-effective, helps
strengthen institutions, and increases programs’
sustainability. A clear need exists for training
farmers in currently available 1PM methods, such
as early identification of pests, safe pesticide use,
and planting security crops. USAID should sup-
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port such training for African extension agents,
national crop protection services, and local
farmers and herders. Moreover, USAID should
review its current training programs to ensure that
1PM is included.

Bioengineered Organisms

Some bioengineered organisms are likely to
have applications for pest management. The In-
ternational Centre for Insect Physiology and Ecol-
ogy (ICIPE) has already submitted a research
proposal to USAID and other donors with plans
to use such organisms. In the United States,a new
and complex regulatory environment is develop-
ing related to the testing and use of bioengineered
organisms involving EPA, USDA, the National
Institutes of Health, the Food and Drug: Ad-
ministration (FDA), and several government ad-
visory bodies on biotechnology (60). USAID
should take the initiative to establish a policy
framework for using such organisms overseas,
while providing environmental and health
safeguards. In the 1970s, USAID was forced by a
lawsuit to develop appropriate guidelines for its
development and use of pesticides. Today,
USAID’s policy response to the use of bioen-
gineered organisms in pest management should
not await a awsuit. Setting up protective regula-
tions for testing and using additional types of
biological control agents overseas might alﬁaviate
African, as well as imerican, fears such as those
that led the government of Mali to cancel USAID-
funded Nosema trials after considerable funds had
been expended (99).

Using Pesticides Judiciously

Finding: USAID needs t0 examine carefully its
pesticide research, evaluations, and technical ass&
tance and then incorporate results o that pesticides
are used more selectively. Training in safe and effec-
tive pesticide use should be a key component of donor
crop protection efforts. Donor coordination will be
essential if U.S. policies are t0 have the greatest im-
pact.

Past locust and grasshop er control programs
have left Africa with afegacyof unsolved
problems. USAID’s response todde seems woe-
fully inadequate in light of its own conclusions
regarding pesticide disposal and health problems.

In 1989, USAID spent only $50,000 for one health
workshop. Congress could play an important role
in changing this situation (box 4-C).

Judicious insecticide use includes a spectrum
of activities such as developing and selecting less
harmful insecticides, applying them more effec-
tively and efficiently, and storing and disposing
surplus supplies safely-all with greater regard to
protecting people, their food and water, and the
environment. An essential dimension is better
balancing the costs and benefits of control.
Another 1s improved surveillance and forecasting
to allow more accurate and precise pesticide ap-
plication on small target areas. Research to im-
prove understanding of the insects’ biology, such
as pinpointing conditions and reasons for swarm-
ing behavior, can strengthen the foundation for
these improvements.

Controversy and confusion reign on such is-
sues as the best insecticides to use, the threshold
at which to mount control, and the most vulnerable
habitats. For example, the list of insecticides “ap-
proved” by USAID constantly changes, along with
the rationale for selection and accompanying
restrictions. These are researchable topics, how-
ever, and USAID is well-placed to conduct this
type of research and then incorporate it into agen-
cy strategic andprogramplanning. Also, USAID’s
programs probably would be more cost-effective if
decisionmakers were more explicit regarding
trade-offs and their consequences regarding insec-
ticide use. For example, sang ling spraying’s effec-
tiveness and impacts might allow fewer hectares to
be treated. This could lead to decreased pesticide
use and related expenses, e.g., for respraying and
clean-up.

Training

Training in safe and effectivegesticide selec-
tion and use is needed on all levels, from
olicymakers to individual farmers. Trainirg and
Institutional development for African agricultural
agencies (e.g., national crop protection services
and agricultural extension services) should be a
key component of donor crop protection
strategies. Advantags might exist to rmdkin
trainiigpart of broadbased efforts, e.jg]., USAI
could evelop training programs for a 1l pesticide
applicators, whether spraying for malaria,
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Programmatic Environmental Assessment (e.g.,
about which insecticides are more or |ess tome to
various habitats) and the Operations Guidebook
isagood first step. USAID could take additional
steps to dleviate confusion in the field regarding
various insecticides and help its missions prepare
for the next pest upsurges. Makigone person in
US~D/Washington responsible & maintaining
up-to-date files on each insecticide used and
providing clear information to missions would help
missions be better prepared. Such a pesticide
specialist could help USAID missions analyze
technical information, apply what is known about
the specific chemicals to their particular situation,
and prepare or update courtysupplemental en-
vironmental assessments to fulfill Regulation 16.

~ USAID can implement its own staffs’ sugges-
tions to prepare for upsurges. For example, estab-
lishing more broadly-based rosters of highly
qualified technical experts and experienced con-
tractors who conduct aerial spraying (114) and
maintaining up-to-date rosters could reduce
delays in providing missions with assistance.

The concerted joint efforts of donorsis likel
to have greater impacts than single-handed Us}f
efforts. For example, a need exists for a com-
prehensive evaluation of pesticide use in agricul-
ture and disease control in developing countries.
The U.N. agencies are the logical choice for this
task because the U.N. World Health Organization
is the mgjor supporter of health-related spraying
and FAO, for agricultural spraying. The U.N. En-
vironment Programme would have an important
role aswell. The United States could contribute
to this ppbal effort in various ways. Either an
externalreview pnel or an interagency 1PM task
force could analyze pesticide use in all USAID-
supported work. Donor coordination also isim-
portant in order to provide African countries with
consistent advice on regulations for safe and effec-
tive use of pesticides.

In some areas, USAID cannot implement
measures to improve pesticide use without con-
gressional action. U.S. procurement requirements
regarding U.S. development assistance sometimes
add to program rests, increase administrative bur-
dens on Africans, and result in the use of inap-
Bro riate technologies (128). OFDA funds have

uilt-in waivers from certain of these require-

ments, but pest problems rarely fit within OFDA’s
limit of providing assistance for 60 to 90 days. The
recent campaign showed thif'_epositionl ng in-
secticides and equipment in Africa or Europe is
rest-effective because it reduces air freight and
enables a more timely response. Grantirgwaivers
to comPetitive bidding requirementsfor non-
OFDA tunds may help bring about a more effi-
cient control program and help maintain such
&re-positioned “pesticide banks’ during upsurges.

owever, prepositioning insecticides might also
facilitate even more widespread spraying. Pes-
ticide banks would need careful maintenance to
assure proper storage and this has not been done
in the past.

U.S. Coordination and Support for African,
U.N., and Regional Organizations

The United States does not administer foreign
aid directly. Virtually every program requires the
approval of African government and then depends
on the participation of government or regional
organimations to carry out U.S.-funded work.
USAID, like others, increasingly recognizes that
strengthening African organizations is essential
for U.S.-supported effortsto be sustainable.

Within this context, a variety of organizations
receive donor support, ranging from the national
crop protection servicesto FAO and theregional
African research and control organizations. A
more coordinated approach to supportil%thwe
groups, as well as to supportgr work iRJSAID
and among U.S. agencies and oherdonorsis likely
to stretch scarce resour ces (box 4-D). To its credit,
USAID actively promoted coordinating commit-
tees in each African country and participated in
FAO and World Bank-sponsored meetings during
the recent campaigns.

The Structure of U.S. Aid

Administrative responsibility for coordinating
locust and grasshopper efforts within USAID
shifted four times during the 4 years of the recent
cagaign (99). The lack of continuity in
Washington caused changes in objectives, staff,
programs, and funding restrictions. Also, changes
in administrative responsibility, coupled with
bureaucratic complexity, sometimes resulted in
long delays in responding to requests from USAID
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programs and planning more sustainable, preven-
tive approaches. Congress should ensure that this
doesn’t happen, athough this may be the time for
leadership of the U.S. effort to shift with new
objectives. APHIS represents the United States
on the FAO'S Desert Locust Control Committee;
S&T/USAID has a leadershipole in the World
Bank Special Program for African Agricultura
Research (SPAAR) research task force and par-
ticipates in a multidonor effort to prepare a global
crop protection initiative (31). These agencies can
play alarger role now, but their financial resources
are relatively insignificant relative to other
USAID bureaus and the U.S. State Department
which administers funding for U.N. organizations.

Working with other countries scientists
should be a high priority because wasteful duplica-
tion already exists in high-priority technical areas.
For example, USAID/U.S. Geological Survey
(USGS) and World Bank efforts in early warning
and forecasting seem tcparallel efforts by the
Dutch, French, and FAO. Negotiations could
eliminate the more costly overlaps and ensure that
various components are integrated. An increased
pro ortion of U.S. assistance might be allocated to
muftilateral organizations because the tied aid re-

uirements of bilateral assistance contributes to
uplication of donors efforts. At a minimum,
USAID should track the progress of others
Planned or current projects before designing or
unding similar ones. And, USAID should share
its plans with other donors.

The Role of National Crop Protection Services

Finding: Many African national crop protection
services are poorly equipped to take over a large part
of locust and grasshopper monitoring and control or
to develop integrated pest management strategies.
Better-coordinated regional approaches are needed,
but support for building individual crop protection
services must be a significant part of donor assistance.

Africans must set their own agendas for
development if efforts are to be most effective
(132? and gradually assume more responsibility
and leadership for programs. The national crop
protection services m sub-Saharan Africa should
gradually assume a greater role in leading the 1PM
and locust and grasshopper control. In Northwest
Africa, however, the national crop protection ser-
vices aready carry out this role.

Numer ous avenues can increase the ability of
African national cromj(;tection services and other
agencies within the triesof Agricultureto do
this, e.g., training, technical assistance, and institution-
al development. Currently, many crop protection ser -
vicesin the Sahel are handicapped by nstitutional
constraints, jurisdictional problems, ad/or the lack of
infrastructure, trained personnel, and working equip-
ment. They also lack information on alternative
controls for insect pests. Donors can su port ap-
plied research by Africansto identify aif test new
methods, building on indigenous knowledge and
practices where possible.

The situation differs among countries, how-
ever, so donors need to be flexible and use a variety
of approaches. For example, the ability to monitor
insects during recessions and to control outbreaks
in remote breeding areas varies greatly. In some
countries, the national crop protection service a-
ready undertakes these activities; in others, neigh-
boring countries or regional organizations assist.
The Northwest African countries monitor remote
regions for locusts within their own borders.
Generdly, the four Maghreb countries have well-
organized crop rotection services (sometimes
with specializedlocust control groups) and they
can respond quickly to insect upsurges. Th
rapidly established locust control operations wit
a central headquarters, regiona headquarters, and
a number of technical and other committees
during the recent campaigns.

The Department of Plant Protection and
Locust Control of Somalia's Ministry of A?ricul-
ture recently proposed to strengthen its locust
control service along these lines. The Ministry
hopes to establish 9 units, with a total staff of 48,
including 7 permanent or mobile field units, to
monitor the Desert Locust in its summer and
winter breeding grounds and control outbresks as
they begin. The Ministry requested funds for train-
ing, supplies (insecticides, application equipment,
protective clothing), communication and
transportation equipment (including spare parts
and camping eguipment), and improving pesticide
storage facilities. The estimated budget was
$ 720,000 for 3 years (1).

On the other hand, Mali, whose national crop
protection service is restricted to protecting
croplands |located mostly in the southern part of
the country, allowed Algeria and Morocco to con-
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duct ground operations in northern Mali so that
swarms woul mot enter the Maghreb region.
Also, Algeriaand Morocco collaborated on sur-
veillance and control in remote areas near their
common border.

The national crop protection services, how-
ever, cannot be effective without working with
additional national agencies. For example, 1PM
requires, among other things, the cooperétive ef-
fort of crpp prtection services with agricultura
research extension services, forest services,
etc., to identify and use new pest management
technologies.

The Role of African Regional Organizations, FAO,
International Agricultural Research Organizations,
and Local Groups

Finding: Regional groups have a distinct ad-
vantage in dealing with regional problems such as
grasshopper and locust upsurges. African regional
organizations must continue improving their
management and financial support 10 reach their
potential. FAO can lead in compiling da@ forecast-
ing insect upsurges, and sponsoring meetings; the
international agricultural research organizations in
Africa can develop alternative control methods.

Finding: Local groups’ participation in locust
and grasshopper monitoring and control has sig-
nificant advantages. Participation can beencouraged
via the involvement of African nongovernmental or-
ganizations and donors’ support for certain types of
training, technical assistance, and pilot projects.

The recent locust and grasshopper upsurges
demonstrated the importance of a variety of African
groups andintemational &g anizations and highlighted
their limitations. The resaling lessons learned have
img{}c_ati ons forimproving U.S. development assistance
to Africa

The sub-Saharan regional control groups- Joint
Locust and Bird Control Organization EOCLALAV),
Desert Locust Control Organization for Eastern Africa,
and International Red Locust Control Qganisation for
Central and southern Africa—~traditionally conducted
control inareasbeyond the reachof financiallystrapped
national crop protection services. These groups are
sorting out their mandates, capabilities, and resources,
and deciding the relative amount of forecasting,
surveillance, research, and control each will do and

wherethey will doit. For example, OCLALAV’S
members recently shifted responsibility for locust
and grasshopper control from OCLALAYV to their
respective national crop protection services.

Donors have been instrumental in shaping
these groups' reorganization and need to continue
their involvement for their investment to pay off.
At the same time, promoting institutional sus-
tainabilityzquires t £ African member nations
take thelead m deciding mandates, organizational
structure, amounts of members dues, and
programs. Deciding what activities and organiza-
tions to support is extremely difficult because of
the changes underway. Donors need to beflexible
and consider the whdkce picture-the relationship of
the work of each regional organization to that of
the others, FAO, other donors, and national crop
protection services-before supporting particular
activities.

For example, USAID’s decision to fund the
Center for Application of ?(%;{ometeorology and
Hydrology for the Sahel ( HYMET) green-
ness maps has implications for similar programs
funded by FAO as well as for relationships amen
Affrican regional organizations. Also, decisions rega
ing OCLALAV’s new responsibilities, Africans and
donorsmust consider OCLALAV’s work in rela-
tion to that of the other regional organizations
associated with CILSS, epecially AGRHYMET
in Niam%y Niger and the Satel I nstitute in Bamako,
Mali. AGRHYMET has been steadily increasing
its technical forecasting capacity but, like
ProgrammedeKﬂilrm:%meIntcmsciplinaire Ff a-
cais sur les Acridiens (PRIFAS), and USGS, has
problems obtaining field data and disseminating
reformation rapidly throughout the Sahel. The
Sahdl Institute, with trained scientists and up-to-
date equipment, has the potential to conduct re-
search and help implement some components of
regional 1PM programs. CILSS’ crp protection
training department in Nigerma begble to imple-
ment other components. Also, 4L SS maybe able
to help mediate disputes between members that
jeopardize survey and control efforts. However,
CILSS’ track record in 1PM and in resolving Mem-
ber disputes has been disappointing.

In some cases, collaborative efforts between
regional research and control organizations and
national crop protection services would increase
the effectiveness of both as well as the efficiency
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with which donor funds are spent. Such efforts
might include adative research; information ex-
changes; fellowd ips, training, and personnel
swaps; ingtitutional “twinning,” and sharing
facilities.

Problems associated with disputes within na-
tions and concerns between nations need to be al-
leviated to make pest control more effective. The
regional control organizations' mandates do not in-
clude resolving interna disputes within countries
nor differences between member and nonmember
nations. The international Desert Locust task force
proposed in 1988 by the countries of the Sahel and
Maghreb maybe a model for joint ventures in other
areas.

FAO-Thequestions surroundirg the recent
locust and grash opper campaign wiremain un-
answered until some group becomes responsible
for developing standard forms and procedures for
use throughout the affected region, and then col-
lects, compiles, and analyzes the data needed for
forecasting, for monitoring insect populations, and
for selecting control sites. In the United States,
USDA collects the type of data needed and FAO,
as the comparable international organization,
could make similar efforts worldwide. Thisis likely
to demand more resources, especialy to develop
a public database on pest levels, pesticides used,
value of crops, etc.

Also, more coordinated responses are needed
during upsurges and recessions. FAO has along
history C_OOI'dIg nating these programs and is the only
organization with the U.N. mandate and credibility to
bring together the large number of donors and af-
fected nations. Forexampe, FAO is applying remote
sensing and modeling to tie locust problem with more
continuity, cohesiveness, and scope than any other
organization. So FAO isin a position to assist other
donors divide responsibility among competing early
warning and remote sensig programs and comple-
ment each others' efforts. FAO-sponsored regiona
conferences cancontinue to promote donorand African
coordination on topics such as priority research and
monitoring for migratory pests in remote areas.

The FAO/Emergency Centre for Locust Opera-
tions (ECLO) has demonstrated the technical exper-
tise and the willingness to improve its work based
on lessons learned during the recent locust and
grasshopper campaign. FAO’s current efforts to

improve forecasting and implement "strate ic con-
trol" with multinational teams are exampfes, and
the organization’s intention to fund these efforts
during recessions deserves U.S. gpl port. FAO
must actively educate African, U»,, and donor
policymakers on the necessity for laying groundwork
during recessions for quicker, more precise
responses during upsurges, for focusing on
preventive work, and for supporting institutional
development for these efforts to succeed.

Continued research is another long term need
and FAO is moving ahead on at least two related
projects. FAO and the U.N. Development Programme
(UNDP) established a joint ‘Scientific Advisory Corn-
mittee in late 1989 to review research proposed for
UNDP and donor funding. Also, FAO/EL® pub-
lished the first semi-annual Desert Locust Research
and Development Register in July, 1989, identifying
current and proposed research.

During the recent campaigns, FAO conducted
control operations in some areas of sub-Saharan
Africa, hii'nfgghting the inadequacy of regional and
national ‘can groups. In theshort term, FAO'S
direct participation m control probably will be
needed but its goal should be to increase African
cagcity—regional and national-to mount their own
efforts. FAO’S successful training and forecasting
programs help achieve this. In addition, FAO can
help donor and African participants devise waysto
monitor the effectiveness of spraying and its impacts
on health and the environment.

Several broader problems exist inprovidingU.S.
support to regional and U.N. organizations. Pursu-
ing foreign policy objectives sometimes has resulted
in termination of ID funding in the middle of
long term development programs. Also, the various
components of U.S. assistance themselves may have
contradictory goals and constrain effectiveness. The
results of some “policy reform” measures may gut
other programs supported by donors, for example,
bycausing severe cut-backs ingovemment employees
(24).

The U.S. Department of State allocates funds
to pay assessments and arrears due U.N. agencies,
within general congressional guidelines. To some,
it appears that the State Department’s recent decisions
have resulted in FAO’S bearing a disproportionate
burden of money owed to all U.N. agencies (90).
From 1985 to February 1990, the United States fell
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$195 million behind in assessed payments to FAO.
This amounts to neart_’:iﬂo percent of FAO's 1990
annual operating bulgst. In several instances,
lack of funds affected RO’ S locust work adverse-
ly, e.g., field control staff were recalled when it
appeared that FAO could not meet its payroll (91).
In January 1990, the Bush administration re-
guested nearly full fundirgof U.S. assessments
and 100 percent payment for arrears, scheduled
over 5 years.

Congress' guidelines for State’s decisions are
broad, emphasize political and financia considera-
tions, and provide the State Department with wide
latitude (see 124). Authorization for USAID and
the State De petment is done in different legida
tion by the House Foreign Affairs and Senate
Foreign Relations Committees. The Senate and
House Appropriations Committees set USAID
and the Sate Department’s budgets. In each
chamber, however, two different subcommittees
are involved. These various congressiona actors
differ in philosophy, reporting requirements, and
the latitude they aﬁow Executive Agencies. This
constrains U.S. development efforts in Africa.
Therefore, the various con ressional subcommit-
tees have a responsibility for coordinating their
activities. For example, the two relevant Senate
Appropriations Committee’'s Subcommittees: 1)
Foreign Operations and 2) Commerce, Justice;
and State; the Judiciary; and Related Agencies)
could together examine the gzneral congressional
guidelines for funding Urfagencies, their ap-
plication to FAO, and their substantive adequacy.

International and Regional Agricultural Re-
search Organizations—ICIPE and |ITA are cur-
rently exporing biological and biorational controls
for the t Locust and certain grasshopper
species. ICIPE and DLCO-EA are among those
testing the effectiveness of improved chemical in-
secticides.

These organimations should train thestaff’s of
Ministries ctg Agriculture and conduct joint re-
search with national agencies as part of their re-
search. These international organizations are
likely to increase their research’s chance of suc-
cess, build sugloort for their organizations, and
increase national capacity in this way. Donors and
member nations need to provide continuing sup-
port for these efforts to succeed. Also, they should
ensure that regular communication takes place

between the scientists at these organizations and
those in Europe, the United States, and elsewhere
in Africa.

Participation of Local Groups-Certain ground
surveyand control effortsin the recent campaigns
wer e fighly successful hecause of the participation
of local groups of farmers and herders. Generally,
farmers groups helped conduct survey and control
efforts near their croplands and herders scouted in
moreremote areas. Local groups abilities to supp-
lyindigenous knowledge about pests and provide

onors and others with specific information
regarding local needs was less adequately tapped,
however.

In the Sahel, farmer brigades were organized by
nationa croporotection services assisted by USAID
and UNDPfuding. For example, farmer committees
in Senegal and Gambia were trained to recognize the
buildup of the Senegalescgrashopper and take ac-
tion in or near their fields(19).Similar training was
conducted in Mali, Burkim&aso, and Nger (71).
Crop protection teams in Mali, aided b%? AS
reports, identified areas of heaviest infestation, setup
insecticide stores, and trained farmers to use manual
dusters or sprayers t0 Kill Senegalese grasshopper as
they hatched. Similarly, Malian farmers, trained by
plant protection and extension officers, monitored
eggaying and controlled Desert Locusts atthetime

atching (71).

In countries where roads are poor or nonex-
istent, nomads on camels and farmers on donkeys
can reach areas that the crop protection services
cannot. In the Sudan, for example, crop protec-
tion services hired hundreds of herders on camels
as local scouts to monitor insect buildup in inac-
cessible areas (121).

I-he more that |ocal le and their organizations
take part indecisionmaking a _tpestman?)%ement, the
less uncertainty exists regarding needs, objectives, and
methods that are acceptable and sustainable, and the
morelikely projcisaretocapturei mportanti nformeation
(see box 4-E). Effective pest management that benefits
low-resource farmers would build on, rather thandisrupt,
locd means = ' °  food security. Farmers’
proaches t0 ctop'protection havedeveioped histors
in ways highly integrated with their social goals and
technical capabilities. For example, villages in the Lake
Victoria region cooperate in protecting crops from birds
by planting the same color and variety of crop at the same
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ized research and management tends to excl ude
participation by local gro And most g
hopper and ocust contruﬁ)&efforts are hlghly
centralized.

The mostserious limitation to increased farmer and

herder participation is lack of information about im-
proved pest management. Generally, pest manage-
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ment networks do not exist, people have little
access to a%ropriate literature, they are not
literate, etc. Crop protection services and others
can increase their ability to reach larger numbers
of farmers and herders by working with existing
village or farmer organizations or other non-
governmental organizations in the area. The
African Development Foundation (ADF) and
others have demonstrated that local intermediary
groups can play an important role in development
programs (130). Many such groups exist within
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African countries, including local church groups, that
have the ability to mobilize or communicate with
people in an area. |nformation disseminated through
these types of groups may be quite effective. For
example, one ADF: project decreased use of
lindane after dancers and a local warned people
of its& n& m.

Funding Implications

Some adjustments of U.S. bilateral and multi-
lateral funding maybe necessary to ensure that the
most effective pest management is undertaken.
These can be obtained by:

+ reapportion nment Within current appropriations

levels,

« changes to financial structures, such as USAID’s
De\d/elopment Fired for Affica, created in 1988,
an

+ appropriations of additional funds.
Reapportioning Current Appropriations

Some monies needed to support inprovements
in USAID’s a?rasshopper and locust workmay come
from internal shifts of funds because the Agency is
no longer funding massive control efforts. For ex-
ample, on-going programs, such as institutional
development of African agricultural organizations,
maﬁ incorporate 1PM or improved insecticide use
without requiring additional funds.

Congress maywant to encourage USAID to allo-
cate additional existing agricultural funds to pest
management generally and IPM specifically. Pest
management received a declining share of the Bureau
for Science and Technology’s agricultural budget in
recent years. From fiscal years 1977 to 1988, pest
management received an overall average of 5.8 per-
cent of S& T/agriculture funds, but in 1986 this sector
only received 1.0 percent; in 1987,3.2 percent; and,
in 1988, 1.8 percent (116). The amounts of funds
allocated worldwide were small: $340,000 in 1986;
$900,000 in 1987; and $520,000 in 198& This trend,
coupled with reduced USAID funding to agriculture in

general, means that few U.S. development assis-
tance funds are beingspent on long term pest management.

Changes to Financial Structures

Congress replaced USAID’s functional accounts
with the Development Fund for Africain 1988 to
E]rowde USAID with increased flexibiltyandtomake
furiding more efficient. Congress coullevaluate the
impactof the Developnent Fund. Early indications
are that agriculturd funding decreased relative to
other sectors as a result, as did pressure to fund
activities with quick, visible results. If so, the Develop-
ment Fund for Africa may neither be achieving its
goals, nor be able to seine as a model for other
programs.

Appropriations of Additional Funds

There is no doubt that new efforts would re-
quire new appropriations. What is not clear is how
much these efforts would cost.

Impementing IPM for |ocusts angrasshoppers
and other pests would require funds far planning,
trai nin%, research, and coordination. Also, funding
would be required for preventive work, e.g., monitor-
i rg pest populations (as advocated by USAID, FAQ,
otterdonors, and affected countries) and improving
forecasting systems. For example, establishing the
proposed International Task Force for ground
monitoring and control of the Desert Locust in remote
areas in the Sahel and continuing to produce green-
ness maps would require new or continued funding.
The price-tag for such new efforts is not clear, but
USAID will need to estimate some of these costs
while planning the AELGA follow-on project. Con-
gress may want to ensure that al components of
USAID’s follow-on work are considered together.

Providingequipment andsuppliescanbe animpor-
tant part of efforts to strengthen local, national, and
regional African institutions. Some relatively inexpen-
sive items may increase the capacity of national crop
protection institutions to momtor insec’poplations,
e.g, fax machines, radios, and spare parts. er items—
such as satellite receiving stations and major research

proposals-are far more costly.
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Appendix A-Acronyms and Glossary

Acronyms

AELGA
AFR
AGRHYMET
ANE

APHIS

ARTEMIS

BHC
CDIE

CILSS

DDT

DLCO-EA

DOE
ECLO

EIS
EPA
EROS
FAO

FEWS
GIEWS

GTZ

ICIPE

—Africa Emergency L ocust/Grass-
hopper Assistance (USAID project)

—Africa Bureau (USAID)

— Center for Application of Agrometeorol-
ogy and Hydrology for the Sahel (Niamey,
Niger, affiliated with CILSS)

—Asia/Near East Bureau (USAID)

—Animal and Plant Health Inspection
Service (USDA)

—Africa Real Time Environmental
Modeling Using Imaging Satellites
(FAO)

—Benzene hexachloride, a persistent
chlorinated hydrocarbon pesticide
—Center for Development Information

and Evaluation, USAID

—French acronym for the Permanent In-
terstate Committee for Drought Control
in the Sahel (a regional organization of
nine nations: Burkina Faso, Cape Verde,
Chad, The Gambia, Guinea Bissau,
Mali, Mauritania, Niger, and Senegal)

—Dichloro diphenyl trichloroethane, a
persistent chlorinated hydrocarbon
pesticide

—Desert L ocust Control Organization for
Eastern Africa (Addis Ababa, Ethiopia)

—U.S. Department of Energy

—Emergency Centre for Locust Opera-
tions (FAO)

—Environmental impact statement, as
required by the National Environ-
mental Policy Act of 1%9

-U.S. Environmental Protection Agency

—Earth Resour ces Observation Systems
(USGS)

—Food and Agriculture Organization
of the United Nations

—Farnine Early Warning System (USAID)

—Global Information and Early Warn-
ing System (FAQ)

—German acronym for the German
Agency for Technical Cooperation

—International Centre for Insect Physiol-
ogy and Ecology (Nairobi, K enya)

ICRISAT

HTA

1PM

IRLCO-CSA

NOAA

NSF

OCLALAV

OFDA

OICD

OTA

PRIFAS

SPAAR

SWA

ULvVv

UNDP

USAID

USDA
USFS
uUsG
USGS

—International Crops Research Institute
for the Semi-Arid Tropics

—International Institute for Tropical
Agricultur e (Ibadan, Nigeria)

—Integrated Pest M anagement

—International Red Locust Control Or-
ganisation for Central and Southern
Africa (Ndola, Zambia)

—National Oceanic and Atmospheric
Administration (U.S. Department of
Commer ce)

—-U.S. National Science Foundation

—French acronym for the Joint Locust
and Bird Control Organization
(Dakar, Senegal)

—Office of Foreign Disaster Assistance
(USAID)

—Office of International Cooperation
and Development (USDA)

—Office of Technology Assessment, U.S.
Congress

—Programme de Recherches Inter-
diciplinaire Francais surles Acridiens du
Sahel (unit ofthe Frenchresearch agency
CIRAD that studies locusts and grass-
hoppers of the Sahel).

—Bureau for Science and Technology
(USAID)

—Surveillance des Acridiens au Sahel,
a French network for collecting field
observations on locusts and grass-
hoppers in the Sahel (PRIFAS)

—Specia Program for African Agricul-
tural Research (World Bank)

—Office of Sahel/West Africa
(USAID/AFR)

—U_Itrgflow volume (spraying applica
tion

—United Nations Development
Programme

-U.S. Agency for International Develop-
ment

-U.S. Department of Agriculture

-U.S. Forest Service (USDA)

-U.S. Government

-U.S. Geologica Survey (U.S. Depart-
ment of the Interior)
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Glossary

Band: Cohesive group of gregarious hoppers that
march together in daytime and roost at night

Fax: Also, telefax, facsimile; method for electronic
transmission of documents

Fledgling: A sexually immature adult locust or

rasshopper that isabletofly; developmental stageafter

the last molt

Grasshoppers.  Insects with powerful legs adapted for
jumping, belonging to the scientific order Orthoptera; in
this report refers to a small number of species of
aggregating grasshoppers that can form gregarious bands
and swarms

Gregarious Phase: Period when locust populations form
large, dense groups resulting from crowding; involves
behavior, color, then shape and physiological changes
in the insects

Hopper: Second stage of locusts' life cycle (between
egg and adult) comprised of severa instars and
characterized by insects' inability to fly

Instar: Growth period between times that grasshoppers
and locusts molt

invasion Areas: Areas, larger than outbreak areas, in
which locust and grasshopper bands and swarms
can be found after gregarization

Locusts: Insects within the scientific order Orthoptera,
superfamily Acridoidea; distinguished from most
grasshoppers primarily by ability to form gregarious
bands and swarms

Maghreb: Area north of the Sahara desert and east of
Egypt; countries of Algeria, Morocco, Libya, and
Tunisia

Molt: Process by which hoppers shed their skin
periodically, usually occurring five times during the
second stage of theinsects’ life cycle

Outbreak: Marked increases in locust or grasshopper
populations leading to the appearance of gregarious
groups; occur s frequently and may mark the beginning of
an upsurge

Outbreak Areas. permanent breeding and
gregarization areas that have been identified for
major locust species except Desert L ocusts; very
much smaller than invasion areas of these species

Plague: Occurrence ofmanybands and swarms over a
large area in different regions at the same time

Recession: Period when gregarious bands and swarms
of locusts and grasshoppers are rare, solitary insects
predominate

Recession Area: Areathat solitary Desert Locusts
occupy at low density; the vast central, drier area of
Desert Locust distribution, within its invasion area

Sahel: Geographically, the semiarid areas of the
Sahara Desert’s southern edge. Palitically, the nine
West African countries that are CILSS members.

Solitary Phase: Period when locusts and aggregating
grasshoppers live as individuals, when populations
are low-density and scattered

Swarm: Cohesive group of gregarious adult locusts or
grasshoppers that fly together, usually during the
day, and rest at night

Upsurge: Buildup of bands and swarms, especially
outside of outbreak areas; infrequently marks the
start of a plague



Appendix B-List of Contractor Papers, Contracted
Analvsis. and Workshop Participants

Contractor Papers

“Locusts and Grasshoppers in Africa and the Middle East”
Author: Dale G. Bottrell
Department of Entomology
University of Maryland
College Park, MD

“The Prospect for Equitable and Sustainable Desert Locust Control in A Changing African
Environment”
Author: Dean L. Haynes
Department of Entomology
Michigan State University
East Lansing, MI

“Social and Ethical Issues in Desert Locust Control for Africa’
Author: Paul B. Thompson
Philosophy Department
Texas A&M University
College Station, TX

Contracted Analysis

“Locusts in Africa and the Middle East: Summary of Responses to OTA Questionnaire”
Author: Dale G. Bottrell
Department of Entomology
University of Maryland
College Park, MD

Workshop Participants

Dale G. Bottrell, Author Roger C. Herdman, OTA
Dean L. Haynes, Author Walter E. Parham, OTA
Paul B. Thompson, Author Phyllis N. Windle, OTA

Kathleen M. Desmond, Contractor
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Appendix C-OTA Survey Form

Your Name

INFORMATION FORM FOR LOCUST EXPERTS
Office of Technology Assessment, U.S. Congress

The Country/s or Region/s with which you are familiar and upon which you have based the following information.

Please provide a brief description of your experience related to locusts and your current position.

PART A. THE CURRENT SITUATION

1

110

How would you rate the intensity of the locust problem in the country or region with which you are familiar, over
the last several decades? Please circle one response for each time period.

1950-59 Very Serious Serious Insignificant Not Present
1960-69 Very Serious Serious Insignificant Not Present
1970-79 Very Serious Serious Insignificant Not Present
1980-88 Very Serious Serious Insignificant Not Present

If you detect a seriousor very seriouslocust problem now, please identify, with numbers 1-3, the frost, second,
and third most important locust species involved.

Desert locust (Schistocerca gregaria)

African migratory locust (Locusta migratoria)
Red locust (Nomadacris septemfasciata)
Other

How would you judig the geographic distribution of the locust infestations in the areas with which yoy are familiar
over the last sevealdecades? Please circle one response for each time period.

1950-59 Not Significant Local Widespread Large/Regional
1960-69 Not Significant L ocal Widespread Large/Regional
1970-79 Not Significant L ocal Widespread Large/Regional
1980-88 Not Significant Local Widespread Large/Regional

Please comment on any trendsin locust problems that you see.

I's desertification or local weather patterns intensifying locust problems in this area? Why/W@ not?
Do peoplein the region with which you are familiar eat locusts?

Yes No

Please add anything else that you feel U.S. policymakers, donor groups, or resear chers should know regarding
the locust situation 1n the area with which you are familiar.
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PART B. EFFECTSOF THE LOCUST INFESTATION
1. Please list the crops (m)](g,ort and/or subsistence crops) that are pr|n0|pally affected by locusts, the stage/sat which

locusts attack the: our estimate of the per centage of the counfry or region’s crop seriously enough affected
by the current locust infestation to cause a significant drop in nor crop yields.

Percentage of
—Stage CmnAfé&t&d

HHE

2. Please estimate, ifyou can, the average national per hectare yield ¢ heqe crops, with and without locust infestation
in the country or fegion with whichyou are familiar. (Include units)

Average Yield Without Average Yield With
Locust Infestation _cust Infestation

\ F

3. What are the social consequences of locust infestation in the region?

4. Please list the other types of lands principally affected by locusts and estimate, if you can, the per centage of the
area seriously enough affected by the current locust infestation to cause a significant threat to livestock
production, tourism, soil Conservation, or other important uses of non-croplands.

:

Percentage of
Area Aftggg_tgd
Grazing lands

Parks and protected areas

Other:

5. Please add anything that you feel U.S. poliymkers, donor g;)‘lllﬁ» or researchers should know regarding the
effects of locustsin the country or region wihwhich you ar efamiliar

PART C. CONTROL EFFORTS

1. Please list the national agencies that conduct locust control programs in your country or region and the
international organizations that support local control programs.

2. Please list the insecticides that are used presently and were used in the past for locust control in these programs,
along with their application method (e.g., ground spraying).

Pesticides Used Currentl Application Method/S
Pesticides Used in the P licationM__ e -

3. On what basis are decisions madeto apply pesticides, e.g., surveys, previous outbreaks, etc.?

4. How are pesticides provided (e.g., from the private sector, from donors)?
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10.

11.

12.

13.

How ar e excess pesticides disposed of ?
Have side effects from these pesticides been detected? If so, please list them.
How are safety issues addressed?

Please list the principle locust controls used by subsistence farmersin this area. Indicate whether these are used
predominantly by men, women, or both.

Arevillage level groupstaking part in locust control effortsin this area? If so, how?

What nonpesticide locust control methods are known, available, and/or encouraged in the area with which you
arefamiliar? Pleaselist these.

What promising new technologies ar e available now or might be available in the future for controlling locustsin
this area?

How effective do you consider various locust control effortsto be? Very effective (VE), Somewhat Effective
(SE), Ineffective (1), Don’t Know (DK). Please circle one response.

International efforts VE SE | DK
National Efforts VE SE | DK
Local efforts VE SE | DK

Please add anything that you feel U.S.e¥olicyih‘ers, donors, or researchers should know regardinglocust control
effortsin the area with which you ar efamiliar.

PART D. PLANNING FOR THE FUTURE

1. What are the most crucial needs for dealing more effectively with potential future locust infestations in the region

with which you are familiar? Please circle all that apply and feel free to add others.
Per sonnel:

laborers, trained technicians, scientific resear chers,

Infrastructure:

facilities, roads, cars, trucks, motorcycles, airplanes, spray equipment, chemical supplies, pesticide disposa
sites,

Institutions:

research laboratories, field research sites, regulations for pesticide use,

Information:

weather forecasts, locust monitoring, locust early-warning systems, locust status reports from neighboring
countries,
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2. Howixgg()ant would locusts rate if you listed the 10 most serious pests in the country or region with which you
arefardhar ? Please circle onerating (I-most serious; 10-least serious).

12345678910 lower than 10

3. Pleaselist the three most serious needs this area faces related to current locust problems.

4, Please list the three most serious needs this area facesin all types of agricultural research.
5. Pleaselist the three most serious agricultural research needsrelated specifically to locust problems.

6. How could United States' foreign aid assist most effectively in current locust problems?

7. Please characterize the proportion of various types of locust activities underway now in the area with which you
are familiar (use percentages). Then please provide what you would see as the ideal proportion.

Crisis Management -
(e.g., spraying locusts)

Relief Activities
(e.g., poviding food
for aftected areas)

Outbreak Prevention
(e.g., long-term
enfomological research)

— (other) -
Total 100% 100%

8. Please add anything that you fee U.S. policymakers, donors, or researchers need to know regarding planning for
future locust control programs in the area with which you are familiar.

PARTE. METHODS
1. What degree of certainty do you have in the information for the country or region with which you are familiar?
DK=don’t know; VU =very uncertain; U =uncertain; C=certain; VC=very certain. Please circle 1 response.
Part A. Data on Current Locust Infestation
a. Measures of the intensity and distribution of locust outbreaks.
DK VU u c Vc

b. Measur es of the effects of desertification and weather on outbreaks.

DK VU u c Vc
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Part B. Estimates of the Effects of the Current Locust infestation.
a. Percentage of crops affected

DK vuU u c vC
b. Percentage of noncroplands affected.
DK A%8) u c Ve
Part C. Your estimate of the effectiveness of locust control efforts.
DK vU u C Vc
Part D. Planning for the Future
a Likelihood of improved locust control technologies
DK vu u c Vc
b. Consensus on agricultural research needs related to locusts
DK A48} u c Ve

2. May we contact you for further evaluation of your responses for our report? Please circle one response.

Yes No

We appreciate the time you have spent in completing this form. Please return it by February 6, 1989 to:

Dr. Phyllis N. Windle
Office of Technology Assessment

U.S. Congress
Washington, DC 20510 USA
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H.D. Brown
Red Locust Control Service
Pretoria, South Africa
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Director
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Nezil Mahjoub
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U.N. Food and Agriculture Organization

Algiers, Algeria

G.A. Matthews

Entomologist

Silwood Center for Pest Management
Silwood Park, Berks, United Kingdom

S.S. Mlambo
Director
Plant Protection Research Institute
Department of Research
and Specialist Services
Ministry of Agriculture
Harare, Zimbabwe
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Alioune Ndiaye
U.N. Food and Agriculture Organization
Dakar, Sénégal

M'Baye N'Doye
Entomologist
Dakar, Sénégal

M.O.M.Nurein

Director

Scientific Resear ch Division

Desert Locust Control Organization for Eastern Africa
Addis Ababa, Ethiopia

Owen Olfert

Research Laboratory

Agriculture Canada

Saskatoon, Saskatchewan, Canada

Deceased.
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Yassin M. Osman

Under-Secretary of Agriculture (Pest Control)
Ministry of Agriculture and Land Reclamation
Dokki, Giza, Egypt

J.B. Okeyo Owuor

Research Scientist

International Center for Insect Physiology and Ecology
Nairobi, Kenya

George B. Popov
London, United Kingdom

Reginald Charles Rainey
Aylesbury, Bucks, United Kingdom

Jean Pierre Rigoulot
Senior Agronomist
African Development Bank
Abidjan, Ivory Coast

Jeremy Roffey

Senior Migratory Pests Officer

Plant Production and Protection Division
U.N. Food and Agriculture Organization
Rome, Italy

P.M. Symmons

Consultant

U.N. Food and Agriculture Organization
Rome, Italy

Galledou Tahara

Chef, Service National
Protection des Végétaux
Nouakchott, Mauritania

AID Respondents

Carl Castleton
U.S. Department of Agriculture
Abidjan, Ivory Coast

Mamadou Fofana

U.S. Agency for International Development
Bamako, Mali

Gladys Gilbert?

Specia Projects Officer

U.S. Agency for International Development
Addis Ababa, Ethiopia

Robert Hellyer
Agricultural Development Officer

U.S. Agency for International Development
Rabat, Morocco

CharlesJ. Kelly

Disaster Relief Unit

U.S. Agency for International Development
Niamey, Niger

Khoi Nguyen Le

Agronomist

U.S. Agency for International Development
Dacca, Bangladesh

Salah Mahjoub

Locust Project Officer

U.S. Agency for International Development
Tunis, Tunisia

John Mullenax

U.S. Agency for International Development
Khartoum, Sudan

Paul F. Novick

Agriculture Development Officer
Asia/Neareast Bureau

U.S. Agency for International Development
Washington, DC

Allan T. Showier

Office of Foreign Disaster Assistance

U.S. Agency for International Development
Washington, DC

William B. Thomas

Grasshopper/Locust Program Coordinator
U.S. Agency for International Development
Nouakchott, Mauritania

‘Deeeased.
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Appendix F-Recommendations From Three Recent
Reports on Pest Management in Developing Countries

Several recent studies provided comprehensive recom-
mendations for USAID and for Congress on pest manage-
ment generally and locust and grasshopper programs
specifically. The recommendations from three of these are
included below because Congress can find a number of
important options among the recommendations:

I.  Programmatic Environmental Assessment of L ocust
and Grasshopper Control in Africa/Asia (1%9)

II.  Africa Emergency Locust/Grasshopper Askance
(AELGA) Mid-Term Evaluation (1989)

[11. Report of the Committee on Health and Environment
(1988)

SECTION |

RECOMMENDATIONS FROM THE
PROGRAMMATIC ENVIRONMENTAL
ASSESSMENT OF LOCUST AND GRASSHOPPER
CONTROL IN AFRICA/ASIA

Required Precondition

Thisreport included 38 recommendations, grouped
according to priority. It recommended that:

L USAID continue its involvement in Locust and Gras-
shopper Control. Operationally, the approach to be
adopted should evolve toward one of Integrated Pest
Management (IPM).

Top Priority, for Immediate Implementation

2. Aninventory and mapping program be started to
deter mine the extent and boundaries of environmen-
tally fragile areas.

3. A system for dynamic inventory of pesticide
chemical stocks be developed.

4. USAID take an active role in assisting host
countriesin identifying alternate use or disposal of
pesticide stocks. Refer to Recommendation 14.

5. FAO, aslead agency for migratory pest control, be
requested to establish a system for the inventory of
manpower, procedures, and equipment.

6. There benopesticide application in environmentally
fragile areas and humasin settlements.

7. Pesticides used be those with the minimum impact
on nontarget species.

8. Pre- and post-treatment monitoring and sampling
of sentinel organisms and water and/or soils be
carried out as an integral part of each control
campaign.

9. One of the criteria to be utilized in the selection of
control technigues be a minimization of the area
to be sprayed.

10.  Helicopters be used primarily for survey to sup-
port ground and air control units. When aenal
treatment is indicated, it should only be when very
accurate spraying is necessary, such as close to en-
vironmentally fragile areas or for localized treatment.

11.  Whenever ible, small planes be favored over
medium to $ two-or four-engine transport types.
In all cases, experienced contractors will be used.

12 Any U.S. Government-funded l_ocust/grasr:‘:'iippérr
control actions, which provide pestickles a
commodities, Or aerial or groundpmplication services,
include technical assistance and environmental assess-
ment expertise as an integral component of the assis-
tance package.

13, All pesticide containers be appropriately labeled.

High Priority, For Implementation When
Resources Are Available

14. USAID provide assistance to host governments in
disposing of em ty esticide containers and pes-
ticides that areo o effe or no longer usable for the
purpose intended.

15.  USAID support the design, reproduction, and
presentation of public education materials on pes-
ticide safety (e.g., TV, radio, posters, booklets). This
would include such subjects as, safely using cost
effective pesticides, eco gy,r&mt management of
locusts and grasshop rs, andtide hazar ds of pes-
ticides. T hegoal wold be to help policymakers and
local pogu ations recogpize botential health
problems related to pesticide applications.

'TAMS Consultants, Inc. and the Consortium for International Crop Protection, "Locust and G'“gﬁ”” Control in Africa/Asia: A
JSA

Programmatic ~ Environmental ssessment, Executive Summary and Recommendations (Washington, D

ID) contractor report prepared

for the U.S. Agency for International Development, March 1989, pp EXSUM-34-53.
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16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

Training courses be designed and developed for health
gersonnel in all areas where pesticides are used
equently.

Each health center and dispensarylocated in an area
wher e pesticide poisonings ar e expected to occur be
supplied with largewall  tersm which the diag-
nosis and treatment o specific poisomgs are
depicted. The centers and dispensaries shald also
be povided, prior to spraying, with those medicines
andantidotes required for treatment of poisoning
cases.

Presently available tests for monitoring human ex-
posure to pesticides be evaluated in the field This
includes measurement of cholinesterase levelsin small
samples of blood as a screening test

The specifications developt;d for USAID pur chase of
locust/grasshopper insecticides be adapted for all in-

secticides.
Pesticide container specifications be developed.

Nosema and other biological agents such as Neem
befieldtested under Affican and Asian conditions
in priority countries.

A comprehensivetraining program be developed for
USAID Mission personnel who have responsibility
for control operations. This will involve a review of
existing materials and those under development, in
order to save resour ces.

Local programs of training be instituted for pes-
ticide storage mariagement, environmental
monitoring and publigcalth (see Recommenda-
ion 16).

Whentechnical assistance teams are provided, theybe
given short termintensive technical training (including
language, if ) and some background in the
use and availability ﬁ training aids.

Field research be carried out to generate badly
needed economic data on a country-by-country
basis.

No pesticide be apolied unless the provisional
economic threshollof locusts or grasshoppersis
exceeded.

USAID provide assistance to host countries in
drawing up reFulat_iqns on the registration and
management of pesticides and the drafting of en-
vironmental policy.

28.

29.

30.

3L

32.

33.

35.

36.

A pesticide use inventory covering all treatments in
both agricultural 354 health programs be developed,
on a country-by-country basis.

USAID produce a réﬁ.ularly updated pesticide hand-
book for use by its staff.

That technical assistance, education and training,
and equipment be provided crop protection services
of host countries with a view to making the services
eventually self sustaining.

Desirable, But L ess Urgent

More pesticide storage facilities be built. Until that
occurs, emer gency supplies be pre-positioned in the
United States.

USAID make a decision as to whether to continue
funding forecasting and remote sensing or utilize the
FAO's early warning program.

A series of epidemiologic case-control studies,
within the countriesinvolved in locust and grasshop-
per control, be implemented in areas of heavy human
exposure to pesticides.

Applied research be carried out on the efficacy of
various pesticides and growth retardants and their
application.

Applied research be carried out on the use of
Neem as an antifeedant.

Researchbe carried out t0 determine the best techniques
for assess@ the mmpacts of hosphates used for
locust and grasshopper control "in relation” to the use
of these and other chemicalsfor other pest control
programs.

Procedures To Accelerate mplementation Of’

All Recommendations

37. USAID, on the basis of the previous Recommen-

38.

dations, develop a plan of action with practical
Erocedur& to provide guidance in locust/grass-
opper control to missionsin the field.

Detailed guidelines be developed for USAID to
ﬁremote common approaches to locust and grass-

hopper control and safe pesticide use among UN
Agencies and donor nations. Coordination of &f-
fortsis becoming increasingly important because of
the increasing number and magnitude of multilateral
agreements and follow up efforts in subsequent years
by various donors.
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SECTION |1

RECOMMENDATIONS FROM THE AFRICA
EMERGENCY LOCUST/GRASSHOPPER
ASSISTANCE (AELGA) MID-TERM
EVALUATION

Set 1: Emergency Control Operations

Emergency control operations succeed or fail on
the efficacy of their logistics.

a. Implement, either directly through the AELGA
project or indirectly through the USDA Resource
Services Suport Agreement (RSSA), short-term
(6-7months)echnical assistance in entomology to
the missionsthat still lack this expertise.

b.  Expandthe pesticide bank to include other acceptable
chemical and biological agents besidesthe carbaryl
and malathion that are presently available.

C. Maintain a current file of firmsthat provide aerial
spraying services and pesticide transport, with air cr aft
type, availability and cost.

d.  Continue the present RSSA with USDA for the
provision of greenness maps and for the provision
of short-term technical assistance in map inter-
pretation.

€. Continue the present RSSA with USDA for the
provision of long- and short-term technical assis-
tance for locust surveysand control operations.

f.  Work with the appropriate African regional or-
ganizations, such as OCLALAYV and CILSS, for the
conclusion of interstate agreements on flyer rights for
the movement of survey aircraft, fly over rightsfor
cross-border locust control operations, the transport
of pesticides and other agents among member
states, and other such regional issues that have
impeded locust control from time to time.

Set 2: Development Actions for the Short-term

AELGA should provide whatever assistance that
USAID mission requirein their locust control programs.
Training courses are more traditional institution-building
activities. Thetopicsfor these training courses, which must
emphasize field-level concernsare (in addition to the cour -
ses now being delivered by AELGA on locust and grasshop-
per identification, ultra-low volume aerial application and
crop-loss assessment):

a.  Management of logistical operations, for super-
visors.

b.  Health concerns for locust control operations, for
health personnel and locust control supervisors, as
well as for pesticide handlers.

¢.  Strengthening of farmer brigades and of the crop
protection services terrestrial teams.

d.  Techniques forproperstorageof pesticides and their
containers.

e. Cumulative effects of pesticide use on the environ-
ment, a regional conference for senior government

personnel.

Set3: Long-term Actions for Locust Control
Forecasting, Institution-building and Research

The[AELGA] project should focus itseffortsduring its
remaining life on those longer-term development aims that
have the potential of assisting future locust control efforts
and that complement ongoing activities.

a.  Work with the international organizations, in par-
ticular the FAO, that are developing a locust
forecasting capability.

b.  Work through USAID/AFR/SWA with African
regional organizations, such as OCLALAV, CILSS
(INSA), and AGHRYMET, in, respectively the
development of training materials and the coor-
dination of crop protection services (which are
charged with locust survey and control); the coor-
dination of 1guistical consider ations(such as 1i
rights); and, he provision of meteord ogicalimfor-
mation. . .. While it maybe necessary to continue
to fund these activities through the FAO in the
short-term, that organization must berequired to
collaborate closely with the regional organizations
and a portion of the FAO grant moneys could be
earmarked for thispurpose.

c.  Coordinate the work be'mg done by bilateral USAID
missionsin locust contreland crop protection and
facilitate the improvement of locust survey and
control activities in national crop proection Ser-
vices, as requested by the concerned USAID mis-
sions.

d.  Develop the present economic cost/benefit anaysis
based on crop loss assessment for deciding when
spraying operations are necessary.

Tropical Research and Development, Inc. “ Afri ca Emergency Locust/Grasshopper Assistance (AELG\) Mid-Term Evaluation,” con-
tractor report prepared for U.S. Agency for International Development (Washington, DC: USAID), July 15,1989.
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Institute an environmental monit {perhaps mcon-
junction with other monitoringe@irts) and health
safety program (e.g,, application procedures, drum
disposal methods).

@

Set 4: Considerations in (AELGA) Project
M anagement

a.  Retain AFR/Office Of Technical Resour ces as the
project location within AID.

b.  Take immediate stepsto put in place theim-
plementation mechanisms suggested in Recom-
mendation Set 1 above.

c.  Designalonger-term developmen‘program along
thehgr?es Of'Recommendation Set2and 3.

d.  Review the use of agreements with USG and the
international agencies for emergency operational ac-
tivities such asthe procurement of services and com-
moditiesfor the control of locust outbr eaks.

e Computerize the project monitoring system to
track project activities.

f. Exert closer control of all research activities to
ensurethat the activities are relevant to AELGA
needs, responsive to mission concerns, and in-
tegrated with host country agency activities.

g.  Anadditional intern be funded through USDA/OICD
RSSA to assist the present project manager and long-
term technical adviser.

Set 5: Major Design Considerations in Locust
Control Programs

Locust control isalong-term problem that requires
international cooperation.

Therecent and present emphasis on locust control
through the actions of national crop protection services’
will, if successful, provide only a partial solution to the
long-term problem.

. Institutional strengthening of the national
crop protection services is fundamentally
necessary for locust control, particularly in
agricultural areas.

. Nonetheless, a regional problem requires a
regional response.

« ...USAID’s locust control strategy must
remain flexible.. .to work with and through
the FAO to carry out necessary locust
forecasting and control operations while, at
the same time, building national and regional

response capability=

. While the mission buy-in mechanism can work
successfully for normal development activities, it
is ill-adapted for continued emergency disaster
plarming and implementation.

Set 6: The Need for a Follow-on Project

a.  Develop a follow-on umbrella pest 1 ement,
crop protection, or food semi;y project that will
continue the on-going activities o fbcust control and,
at the same time, strengthen the crop protection
agencies in the concerned countries so that they are
better able to assist small producersin achieving the
benefits from improved agriculture that are now

accruing,
SECTION Il

RECOMMENDATIONS FROM THE
REPORT OF THE COMMITTE QN
HEALTH AND ENVIRONMEN

The Foreign AssistaneeAppropriations Act of 1987
charged USAID with forming a Committee on Health
and Environment to examine opportunities to assist
developing countriesin the proper use of agricultural
and industrial chemicals. The Committee, with help
from the Conservation Foundation, submitted these 6
major recommendations to USAID, along with detailed
suggestions for implementation:

1 USAID and other donors should work to strengthen and
increase the number of constituencies inmultiple sectorsand

m&mmmmmmfeaﬂm
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~ *Conservation Foundation, Opportunities to Assist Developing Countries iN the Proper Use of Agricultural and Industrial Chemicals,vol.1,
Final Report (Washington, DC: The Conservation Foundatlorﬁ, Feb. 18,1988.
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USAID should enhance the effectiveness of its
agricultural and health programs that affect or
involve pesticide or chemica use.

USAID should increase its use of Integrated Pest
Management (IPM) significantly, with the goal of
making IPM its primary pest management approach.
Achieving this goal wilksquire improved implemen-
tation and more suppottfor research and training,
and would have a catalytic effect on other donors.

In cooperation with other U.S. agencies and the
private sector, USAID should prepare a long-
term pan for itsrolein preventing and mitigating
problems associated with activities involving in-
dustrial chemicals in developing countries.

USAID should report to Congress every two years,
beginning in 1989, on its progress toward im-
plementing the recommendations in this report
and on future opportunities to address pesticide
and chemical issues in developing countrlg.

Congress should provide clear policy guidance to
U.S. Government agencies:garding thepevision
to, and use of, agricultural ahimndustrial b emicals
in developing countries. The Executive Branch
fs.hcr)]ul‘d then"implement that policy in a consistent
ashion.
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